2192653 -i- WELL TEST APPARATUS AND METHODS This invention relates to f]
testina of wells and nore particularly to test tools which are run on a
flexible line and are operable thereby fromtne surface to snut-in a wel
and to open it up at a subsurface depth, especially at a Iocamgw:ﬁ
abgve,-the formation being tested. Until a few years ago, down “dat a
wers“general ly obtained by |owering a bottom hole pressure gage into a well
on awire line after the well had been closed in at the surface for maybe
48 to 72 hours. The gage usually carried=d-maxi num recordi ng thernoneter.
The gage was |lowered to a location a predeternined di stance bel ow sea
‘level, usually at or near the casing perforations. The gage was usually
suspended at this deptn a fi€®Lhi TBE®S ARPARATUE AND | MERRODEed shut-in to
record the formation pressure and tenperature. The well was then placed on
production at a predetermined rate of flow to obtain recordings of the
draw- down characteristics of the well. The data thus obtained were then
eval uated by reservoir technicians to aid themin their effort to determ ne
nore accurately the extent, shape, volume, and contents of the reservoir.
Since the well was controlled by valves |ocated at the surface., usually a
great distance fromthe reservoir, problens arose as a result of the
reaction of the columm of production fluids in the well tubing. During
shut-in periods |iquids mould settle on bottomand the gas woul d col | ect
t her eabove,

|
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This invention relates to f£low testing of wells and more

articularly to test tools which are run on a flexible line and

ge)

[
~e

are ooer‘*le therepy from ;ne surface tto snut-in a well and to
open it up ac a suosurface depth, especially at a location jus:

adove tne formation being tested.

Until a few years agb, downhole.well data were generally
kJ, obtained by lowering a bottom_hole ptessﬁre gage into a well on
a wire line after the well had been clqsed in at the surface
for maybe 48.to 72 hours. The gage usually.carried a maximum-
recording thetmqmgtez. The §age was lowered to a location a
predetermined distance below sea level, usually at or near the
casing perforations. The gaqé:was usually suspended at tﬁis
deptn a few minutés while the well remained shut-in to record
the formation pressure and iemperéture. The well was then
placed on production at a predetermined rate of £low to obtain

-~

recordings of the draw-down characteristics of the well. The



-au0|ng uncertainties into the data obtained and cl ouding the

_ ) on's charasteristics. It becane desirabl é to have tne ability to

\5 and cl ose the well at a point as near the perforations or reservoir as’
possi bl e and thus avoid the need to build up and draw:‘down the great voluyme
and hei ght repre- sented by the well bore or well tubing extendi ng nany

t housands of feet fromthe reservoir to the surface. Further it was
desirable to run a test tool including sensor nmeans on a conductor cable
and be able to control the downhol e openfng and closing nmeans fromthe
surface, and to record and display at the surface and in real tinme the
downhol e diatan tatsus heptagheds serad diyer hevagaatedoby Hesappdi£apbéehaieians
famliar with the following prior patents which may have sone bearing upon
the wel | trestidgtipembinnthad rr @lfficast tvot detprmiaret morericauratelRetfe, 313

4,043, 392 4,278,130 2,673,614 4,069, 865

4, 286, 668XT 08, S9t1aped, vodumgz and contents of4tRe3 redd riolil®, 075
4,149, 593 4,420,044 3,472,070 4, 159, 643

4,426,882 Al s0,SineR the wekll was GantzoblednbyevpdessHaraged at the
Flopetrol Johnston covering their MJST Universal DST device, published on
or about SRFHAGEMiYSYREL YugtﬁéFaFaﬂﬂﬁiﬂ“?Wtﬁfaﬁ &her sEsar rproblems

PULLL Sl el O3 ke PRk B e 2 St bR B BT € b bfbssgee
506 and anfyﬁ f#*é*@pQgiietGﬂaﬁhqg(Hurxng shut-in periods liquids ,;)
would settle on bottom and the gas would collect thereabove,
introducing uncertainties into the da;a obtained and clouding
the formation's charasteristics. It became desirable to have
the ability to open and closé the well_at a point as near the o/
perforations or reservoir as possible.and thus avoid the need
to build up and draw down the great volume and height repre-
sented by the well bore or well tubing extending many thousands
of feet from the reservoir to the surface. Further it was
desirable to run a test ﬁool including sensor means on a
| cénducto: cable and be able to coﬁtrol tSe downhole opening
and closing means from the surféce, and to record and display
at the surface and in real time the downhole data as they were-.
sensed by the test tool.
The applicants are familiar with the following prior
patents which may have some beéring upon the well testing

problems as relates to the present invention.



ooy

Q.1 Field Equi pment and Services, 1970-71 Edition, published by WORLD O
magazi ne. U..- S. Patent 4,134,452, issued to George F. Kingelin on Januar-

16, 1979; U. S. Patent 4,149,593, issued to Inre |. Gazda, et aJ, on Apri

17, 1979; U. S. Patent 4,159,643, issued to Fred E. Watkins on July 3,

1979> U. S. Patent 4,286,661, issued on Septenber 1, 1981 to Inre |. Gazda;

U 'S/ Patent 4,373,583, issued February 15, 1983 to Fleming A Waters; U

S. Patent Re. 31,313 issued July 19,1983 to John V. Fredd and Phillip S.
Sizer, on reissue of their original patent, 4,274,485 which issued on June

23, 1981; and patent _4,278,130, issued July 14, 1981 to Robert T. Evans, et
al, all disclose F&sBlddX which ned 83 rd3%20on a wiredli2?8.d3%abl e and

used to open and cl |l at a do ole |l ocation by pulling up or

sl acking of f on t%é%aﬁvgq ne or cab?ggg§'ﬁﬁ§ch these fegBb are

| owered into the I .each of th % ases, a rec acle device is
first run on a mﬁ$§5hpﬁé%§nd-anchoréﬁ'fﬁpas?gnding ni p Pgssv%@ﬁ a
probe-1ike device,i g un-and |atched, i recept acle., .Patent 4,134,452
provides only a t?ﬁ)i}lfgl'@vﬁgas-sage th4e'rie]{%'r%5lugh openabl 3'3&8'&42‘5abl e by

tensi oni ng and rehaxt {: conduct I or equali zi pr ures across
2370909 of, £l €44 {19603

the tool. Patent IS an i nprovenent over the Vi C pat ent
4,134,452 and proxiges &heyCha Y a1 {4 OW £ERAET bYolRuYR! budl g
sub whicn | OCKS t he t ool ?ﬁcthe receptacle mf?h a t%n§g¥?yb§§§g%ﬁggphhp

prcﬁort | OnaF1bPe t PO1dbhAsYN Howl TRy théiCt IMEST NGREAEE8ET: DST device,

published on or about .
Applicants are further familiar with an editorial comment
published in WORLD OIL magazine, page 21, October 1983 Edition.
\;) . In additiqn, they are familiér with the landing nipple
i;lusttated on pages 506 and 507 of the Composite Catalog 6f
Oil Field Equipment and Services, 1970-71 Edition, published by
WORLD OIL magazine;
| U. S. Patent 4,134,452, issued to George F. Kingelin on
January 16, 1979; U. S. Patent 4,149,593, issued to Imre I.
iv/ Gazda, et al, oﬁ Aéril 17, 1979; U. S..Pétent 4,159,643, issued
to Fred E. Watkins on July 3, 1979; U. S. Patent 4,286,661,
_issued on September 1, 1981 ﬁo Imre I. Gazda; U. S. Patent
. 4,373,583. issued Febtuary 15, 1983 to Fleming A. Waters; U. S.
Patent Re. 31,313 issued duly;19,1983 to John V. Predd and
- Phillip S. Sizer, on reissue of their original patent 4,274,485
which issued on June 23, 1981; and patent 4,278,130, issued
July 14, 1981 to Robert T;]Evans, et al, all disclose test
tools wﬁich may be run on a wize.line or cable and used to open

and close a Qell at a downhole location by pulling up or



s ent 4, 286,661 is a division of Patent 4,149,593, just discussed, and
g¢Vfcl oses an equalizing valve for eaualizinc pressures across the device
dscl osed in patent 4,149,593, Patent 4,159,643 discloses a device simlar
to those nentioned above and has a rglatively small flow capacity. This_.
tool -has lateral inlet ports which are closed by tensioning the conductgr
cable. Patent 4,373,583 discloses a test tool simlar to those just '

di scussed. It carries a self-contained recordi ng pressure gage suspended
fromits lower end and therefore sends nme-well data to the surface during
tne testing of a well. This tool, therefore, may be run on a

conventi adcking bEficonattimer wWiran hisenduactabllel my, w&iiwe thes€queses NO
el ectrical energy for its operation. Patent Re. 31,313 discloses a device
similar twwahiitane paweseds i3 59 iwelhat In keacH atfertdie jabevepoases, a
whi ch are opened and cl osed by noving a probe up or down through ten-
sioning dreGePuaFhe BR¥IGer 49 ifnkr9% tupl enod whireh liitnd andwenebiorato irha
well. The MUST Drill Stem Test Tool of Fl|opetrol-Jonnston disclosed in the
brochur e IR 1 0% cB1BBdfe EAEN P tRRPRPTLIEKE FENiFShdd iT¥VERD trEChBFazi ne
provi des a non-retrievabl e val ve opened and cl osed fromthe surface by

t ensi oni A $hat PRI BRFRR AR Sconduct or cabl e connected to the probe-like
tool latcnea into. th al.ve. ,Even with tne val ve open d the well
producing,ru)?%%ﬁ??gkés;éﬁaéggﬂﬁ%ﬂ%hd?ﬁe°ﬁigb8.tAPV SN RAE2ABBt war d
through %m%f%éﬁkéﬁgﬁhgpgﬁggiéJgﬁﬁEEfQ@@éfe by tensioning and relaxing )

the conductor cable for egqualizing pressures across the tool.

Patent 4,149,593 is an improvement over the device of
patent 4,134,452 and provides a much greater flow capacity as .
well as a locking sup whichn locks the tool in the receptacle &J
with a tenacity somewhat proportional to the differential
pressure acting thereacross.

Patent 4,286,661 is a division of Patent 4,149,593, just
discussed, and éiscloses an equalizing valve for egualizing
pressures across the device disclosed in éatent 4,149,593.

Patent 4,159,643 discloses a device similar to those
mentioned above and has a relatively small flow capacity. This
tool has lateral inlet ports which are closed by tensioning the
conductor cable.

Patent 4,373,583 dis;loses a test tool similar to those
just discussed. It carries a self-contained recording pressure
gage suspenaed from its lower end and therefore sends no well

data to the surface during tne testing of a well. This tool,

L}
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somewnat bel ow the upper end of the probe. The device provides |arge or
sunrestricted flow capacity. .The probe automatically rel eases when a
predet erm ned nunber (up to ‘twelve) of open-close cycles have been

perfoynmed. U. S. Patent 4,426,882 which issued to Neal G Skinner on

Ja y 24, 1984 discloses a similar test tool wnich senses downnol e
conditions and sends electrical signals to.the surface, but the valve for
permtting or preventing fluid flow theretgrougn is not controlled by

t ensi oni ng and rel axi ng the cable by wnicn the tool is lowered into the
wel | but istpepekalrlegd faywrsd htusUshagecbrveheGlonagalw ie@ansi #@Nt 80hkikN&hdn a
downhol e valve actuator which includes a solenoid. U S. Patent 2,673, 614,

i ssued to |coAdubltblrern igte M thc80it 1084u ilPe sSnoPalleitit B 2B, dsdrgisgued itte
J. W Tanplen on Septenber 28, 1965; U. S. Patent 4,043,392, issued to Inre
1. Gazda onopagastior3, 1977; and U. S. Patent 3,472,070, issued D. V.
Chenowet h on COctober 14, 1969 disclose neans for locking well tools in a
wel | flow conduct BRteptt die. Bb/3l1dishdeselseyps desndicey soimel baor upe shetl dér
engageaol e with a corresponding abrupt shoulder in a well for |ocating or
st oppi ng a P3ERNAg4deVidoddh in vknatattt hasddatesall ded@orPaTtE S v!ahfagngre
receptacle for its |ocking dogs to be expanded into a kock recess of the
recept acl e.OPaned| aag; vdased &y imOYiBG| AsBACRG LB 9 Ta RN dhrpughntrar

but sligntly different receptacles are placed in a tybing string.. A locking
device 15 (FEARBREYPed ShATENS SthecY LBELANG oFoEaRd® Iy iFR 1€ 18

lowered into the well.

passage which then enpties back into the tubing at a |ocation near but _’

The MUST Drill Stem Test Tool of Flopetrol-Jonnston
disclosed in the brochure mentioned apove and in the article

{_) . Ppudblishec in WORLD OIL magazine provides a non-retrievaole

- valve opened and closed from the surface by tensioning and
relaxing tne conductor cable connected to the probe-like tocl
latcnec into the valve. Even with.tne valve open and the well
producing, no £flow takés place througn the propbe. All flow
moves outward through the side of tne valve into a bypass
passage wnhich then empties back into the.tuoing at a location
near but somewhat below the upper.end of the probe. The device
proéides large or "unrestricted” flow capacity. The probe
automatically releases when a predetermined numper (up to
twelve) of open-close cycles have been performed.

U. S. Patent 4,426,882 which i1ssued to Neal G. Skinner
on January 24, 1984 discloses a similar test tool wnich senses
downnole conditions and sends electrical signals to the
surface, but the valve for permitting or preventing fluid

flow theretnrough is not controlled by tensioning and relaxing



cl oses-a | ocking device which uses keys profiled simlarly to the keys

‘patent 2,673,614 but performing both |ocating and | ocking functions.
Pat ent 4, 043, 392 di scl oses a | ocking device and a selective |locating sy
therefor. This sytemutilizes a profiled key only for |ocating the devicg,
as was done in the case of patent 2,673,614. Tne various Keys vary slightly
in profile, but each key and | anding receptacle in the system provi des
two oppositely facing abrupt, stop shoutwders. U S. Patent 3,419,075 issued
to Norman F. Brown on Decenber 31,.1968 discloses appar atus havi ng key

Thaul don Enea?ﬁ%tir uq#y %fr?Pcr?hQ Ld%[-,o‘ing; rreans g\ét ?e rach ng’gﬁ'ﬁdlq}g‘y I?p

shoul der oW con U|t

di sengageoh@em&wm shOPsabeulder, ﬂ}f*%l ?csbemégals t:%nh%Wﬁ%v 2

t herepast in the well. Patent 3,472,07 ses a | ocking device

separ at eqplabae |v%QKﬁ@9a@@@§to?”Qh'1Q0k'ﬂﬂ:1%@§datBSIQBBQH | ooki ng down,
engaged between a pair of upwardly and downwardly facing abrupt shoul der s

to lock the devi.cs.agutent upyard, @l 4ovissudl dtSpt acrrent 118¢Clon atdd d
device and the landing receptacle therefor are nore clearly shown in the
Conposi t20¢Calabdg of. @J Faeédt EQUi20Be83 Iand sSSared ces, J 19%0- Tampdiedn am

pages 506 and 507. U. S. Patent 4,420,044, issued to WlliamH Pullin et
al on Detepbembez, 2BA83 960 scVos8s Racemt riudlds3 23 92 zayssortr tlo Jimate and

pi n arrangenent for controlllng | ongi t udi nal novenent :
Gazda on August 23, 1977; and U. S. Patent 3,472,070, issued ti/

Céggse the device to stop at the preselected receptacle. Patent 3,208,531

D. V. Chenoweth on October 14, 1969 disclose means for locking
well tools irn a well flow conductor.
| Patent 2,672,614 shows keys having one abrupt shoulder —

engageable with a corresponding acrupt'shoulder in a8 well for
locating or stopping a locking device in a well at.the desired
loczation in a landing receptacle for its lockiné dogs to be
expanded into a lock recess of the receptacle. A seleétive
system is disclosed wherein a series ©0f similar but sligntly
different receétacles are pléced in a tubing string. A locking‘J
device is then provided with a selected set of locator keys to
cause the device to stop at the preselected receptacle.

Patent 3,208,531 discloses a locking device which uses
keys profiled similarly to the keys of patent 2;673,614 but
performing both locating and locking functions.

Patent 4,043,392 discloses a locking device and a

selective locating system therefor. This sytem utilizes a

profiled key only for locating the device, as was done in the

[V}

case of patent 2,673,614, Tne various Keys vary slightly in



‘of one nenber relative to another nenber tel escoped thereinto. The pres,"
I nvention overcones many of the problens encountered in prior art devices
by providing desirable features such as |arger flow capacities, positive

1 ocking and inproved rel easing, sinpler construction, inproved reliability,
de eased foulanility, and reduced costs. SUMVARY OF THE | NVENTI ON The

pr 8¢ invention is directed to test tools and | andi ng receptacl es

therefor for testing wells, the test tools having tubular body nenbers

t el escoped together for limted | ongitudinak rel ati ve novenent, the body

b h ' bl e_wh I
e RS Bl N SRR e
t t t
Che o0 | SpeuAns dap P gRBL AAOUANELHL OOl RBBOMEL UL

a vel | a”d its | owpr §”dPQ€éHQ BrQ‘i'9d%d7S""$§°st':9§k£89NB?)ﬁ§nf‘?‘r g‘w‘?{ id}g the

device in its receptacle 1n the wel to diTrect | ow t hrough t'he devi ce when

the device pacdemparem ol geqd FpPa u r
when the devi (c::e isin cl ojs'gg extlgﬁa'eudé%]osmloélgt?ﬁehagsrgekggug‘gtag‘%o\éﬁée%l

wi th controhnpiabriipt Sd ©bp "BABE18Be" *NgadebB EEPRDER hcherQ?\éhaqn@elﬂg:p
noved back and forth between open and cl osed positions for ocki ng the

devi ce fronshbeldexepiractie abél £lpwediriud iedandnneansl fopetetlrag®ing the
cycles, the device, upon being pulled fromthe receptacle, having the
ability of beisgtiondbiienpagerthep foope sunkestepashouhdeei hof enablet tdve
cm&blng. tool to be hoved therepast in the well.

Patent 3,472,070 discloses a locking device having
separate pivoted locking dogs, one looking up and the other
looking down, engaged between a pair of upwardly and downwardly
facing abrupt shoulders to lock the device against upward or
downward displacement. Such locking device and the landing
receptacle therefor are more clearly snéwn in the Cbmposite
Ca;aiog of 0il Field Equipment and Services, 1970-71 Edition,
pages 506 and 507.

W/ U. S. Patent 4,420;044, issued to ﬁilliam H. Pullin et al
on becemoer 13, 1983, discloses a continuous zig-zag control
_slot and pin arrangement for controlling loﬁgitudinal movenment
of one member relative to another member telescoped thereinto.
The present invention overcomes many of the problems
encountgred in prior art devices by providing desifable
features such as larger £flow capacities, positive locking and
‘iﬁp:oved releasing, simpler consﬁruction. improved reliability,

decreased foulapbility, and reduced costs;



I's therefore one object of this invention to provide a well test tool
.landi ng receptacle therefor which are useful in obtaining reservoir
|

ormation in a well by shutting in the well inmediately above the casing °
perforations by closing t{ie test tool and allowing the well to flow by
openi ng the tool, the test tool gathering information such as stati g gnd

fl ow ng botton1ho|e pressures and/or tenperatures continuously during t he
testing procedure. Another object of the invention is to provide a test
tool and | anding receptacle of the chargcter described which is opened and
cl osed by tensioning and relaxing the wwre line or cable on which it is
run, the |ower end portion of RO PF A% INVENTION and sealed in the

| andi ng receptacle. A further e .S t.Q provide such a test tool. which
aut orat | cal | D A Re® 4Rk oI YRRE P hs 4Pt B9 Har tr%c%ﬁacwbﬁdamﬁ. ch

t ti b I d t t nb f /
have bechAROARY FAFCONARTET DBFEEEOFoIPS BRRHAND dRbisy (OF $6SF GHPLR.
b f ' d
therei n Favidg piiagtt Kam h‘é?’“"’ﬁﬁ%p%?%%?&f’@"a*‘%éoﬁ'“mm| a%‘?*cén BLeEd e
and ol 0598ngiik i1 HUDEGe HhotbilBAr, Arhd bBYy YU O ndiidg| SHEBELS"
as an u

iIs to provide a test too and receptac ere conmmon

large f'gwr%pamltah fd¥e 'éﬁzéhZSleMHEHeEh@th%gt Itod P ¥ WdriLapsed 8ot est
t ool h can equalize pressures thereacross quicKly. Another object is to

provide pekdit fQ@w MerEOPNSGFhP the lateral ports being closed when

the tool is extended to prevent flow therethrough, the upper
end of the test.tool being'attachabié to a conductor cable
by which it is lowered into a well and its lower end being
p:ovided with locking Keys for anchoring the device in its £:i
- receptacle in the well to direct flow through the device when
the device is in open collapsed position and to shut-in or plug
the well when the'device.is in closed extended position, the
device being provided.ﬁith control pin and slot means_operable-
in response to the device being moved back and forth between
open and closed positions for unlocking the device from the
receptacle after a predetermined number of open-close cycles,
the device, upon being pulled from the receptacle, having the
ability of.being'immediately ready to be locked again therein
for further cycling.

It is therefore one object of this invention to provide a
well test tool . .and landing receptacle therefor which are usefui
in obtaining reservoir information in a well by shutting in the
well immediately above the.casing perforations by closing the

test tool and allowing the well to flow by opening the tool,



pi pe) above or bel ow the packer, enabling the test tool to be placed
directly opposite or very near the per- forations. -10- Anot,her obje

is to provide a test tool which can be Iowered into a well on a wire line

or @a~conductor cable. A further object of this invention is to provide a
testt ool of the character described which can be run in a well pipe string
above a seal nipple which is then install in an existing or previously

set wel | packer |ocated just above the casing perforations. Another object
Is to provide a test tool having neans for mnimzing chances that it
wi || beconmethgutesti roak s34 tmelt hg9 dafemmat ion byuchaad statdchamd flowing
material settling around it, and in particular, around the | ocking-

nmechani sm PRELPAY SR PIRI/RERS ANRECHoFaP]EARH HES aCRBLinh@uisdy shsting
therein, said casing being perforated opposite an earth formation to be
‘tested, sai BPRetBEY NG IRIRGRAYRR st eps of : a. | owering a string of well
tubing into the |1, said well tubing including a well packer and a

| andi ng receptacl ENOFAEF 1HETY Péc gfa&ﬂ¥Qﬁﬁﬁ }St EPaPIPVARepSr thest tool

communi cat | gat e e | Ue &l dDfe "Bl chtPIHh Ml - 1585 ¥ B LA R

‘therefor whicn can be placed in tne well flow conductor (tubing or drill ﬁ;iﬁ

opened and closed by tensioning and relaxing the wire line or
o "cacle on which it is run, the lower end portion.of the tool
' being anchored and Sealed in the landing receptacle.

A furtner object is to provide such a test tool which
automatically becomes locked whén inserted in its ;eceptacle'

'SR and whicn automatiéally.becomes releésed after a preset numper
of open/close cycles have been performed.

Another object is to provide such a test tool which,
upon_oecohlng reléased.ftom its receptacle, may be immediately
relocked therein for additional cycling, thus providing a tool
wnich can be opened and closed any desired numoer of times.

A | A further objgé: of this invention is to provide a test
tool‘and receptacle therefor which has an unéommbnly large flow
capacity for its size. |

Another object is to provide such a test tool which can
equalize pressﬁres tnereac;oss guickly. |

Anb:her-objeci is ﬁo provide a test tool and receptacle
therefor whicn can be placed in the well flow conductor (tubing
or drill'pipe)xaoove or below the packer, enabling the test
tool to be pléced aizectlflopposite Or very near the per-

forations.



g cer; b. setting sai d wel | packer above sai d casi ng

Rebbor ati ons; c. | oweri ng anchor nmeans into said well tubing on a
flexible line and anchoring said anchoring nmeans in said receptacle; d.
flowing the well; e. tensioning said flexible line to a&actuate said
| andi ng receptacle to close its, lateral flow ports to stop fluid flow O
t hrough said | anding receptacle; f. répéking tension on sai d -
flexible line AaﬂﬁhQFegbdﬁbﬁIﬂfﬁ%ﬂdpﬂBViGEUHIﬁpsﬁxmﬁosahﬂibanﬁaﬁij
receptacle tge0 ' ral rts. ,1and 4 el easi sai
anchgr ms*ang,e ﬁ?} c()a?n@;4 d;aiigigl %nd‘it’é\gwr %?ep%agllg%anldn?%rrg\ﬂr n% i%ton;&?lc‘):r%q:ne _
wel | . The i n$8RAl®on al so provides a nethod of testing a well having casing

Lostod, sal ot bon i nel e e e e e L o e 2 el
ested, sai od,in in e steps . A \ X

t ubing into ?ﬁgg\/\g??,l ?gi gg‘f’u%hr?dfatcﬁ:@ AsRFet | ¥tk eF 2Bk aTRAndimg
recept acl e themelldl opipeaistdimgli aRhoveceapt aehd .heimgle)gmiah 1S leoaey dend
and having | M A "edSexlh ate | s; b, _sefting,sa
packer abov.egéﬁf%hg?f t(%rn atl ongxémg‘% Ehgﬁgrﬁaﬁ :e'%gfo'gg% r?@éznsw%f sglagklegndi ng .
receptacl e a¥°%$tﬂ‘ga3u§.§i abpeef shat Faasng perforations.

Another object is to provide a test tool having
~means for minimizing chances that it will become fouled

in its landing receptacle by sand or other material

O

settling around it, and in particular, around the locking

mechanism. '

The invention provides a method of testing a well
having casing therein, said casing being perforated
opposite an earth formation to De tested, said method
including the steps of: ' ' '

a. lowering a string of well tubing'into the well, said
well tubing including a well packer and a landing
receptacle, said landing receptacle having lateral

- flow ports communicating the interior of the well
tubing with the exterior thereof below said well
packer;

b. setting said well ©packer above said casing </

- perforations;

c. lowering anchor means into said well tubing on a
flexible line and anchoring said anchoring means in
said receptacle;

d. flowing the well;

e. tensioning said flexible 1line to actuate said
landing receptacle to close its lateral flow ports,
to stop fluid flow through said landing receptacle;

£. relaxing tension on said flexible line and
pressurizing said well tubing above said landing
receptacle to opeh said lateral flow ports; and



C. | owering a test tool assenbly into said well tubing on a conductor g
cabl e and anchoring the sane in said | andi ng recept acl e, sai d t est ‘
t-ool assenbly including sensor neans for sensing well pressures and/or
tenperatures, and a test tool connected therebelow, said test tool
co § cating well pressure to said sensoy means, at all tines, said test

tool™having a fl ow passage therethrough and valve neans controlling flow
t her et hr ough, gsai d nedlesssingei nspidovabtkor betmerns dxem aulid clXmeding
positions responsi g | Qi é:mﬁ,-r X ek £ d. t ensi oni ng
said cable to close sf'lael(bc]:[atedels% .toolg: and by _glfsgsn%or stq‘ae?&péaﬁ owi ng wel |
pressure to bui.ld Jreelnvierbhiopaglkep; rrovides oxi mgthedsiof sesthiagcadl e

to open the tgai1lt alviny fedSinPatindi&fn Pr 8884 @akiAGE MRS Oﬁéfadfspa@é@n

the lateral ports af the receéoégcle and,fl.ow ng the well: &and. f.
subsequent |y 9PEOSHS o3Pt IRAT ResEOFBRFLoR, iR Phe YRty SRdlefteidt® and
W t hdrawi ng timeluddsig Hheolstegmerdiisy fromthe wel . The invention al so

provi des a nethod qf ' | I [ cas] her.ei sai d casin
bei ng perfor at%e'd o%ﬁé}s?%f@d;% %éz\r,iﬁﬁlgf %@&na&tﬂﬁg 88 oegi,h? et el 'oeslang a
packer set in the dadiimg abndudinderd oreelbnspaalienaviandg a adorlanding

therethrough; sai d JA@RldMG I irbelow, said landing receptacle being

' open at its lower end and having lateral port means

intermediate its ends;

setting said packer above said perforations with the

lateral port means of said landing receptacle at or

near said periforations;

c. - lowering a test tool assembly into said well tubing
on a conductor cable and anchoring the same in said
landing receptacle, -said test tool assembly
including sénspr means for sensing well pressures
and/or temperatures, and a test tool connected
therebelow, said test tool communicating well
pressure to said sensor means at all times, said
test tool having a flow passage therethrough and
valve means controlling flow therethrough, said

\Jf valve tsing movable between open and closed

positions responsive to tensioning and relaxing said
cable;
d.  tensioning said cable to close said test tool and
bypass ports and allowing well pressure to build up
' below the packer; o
‘e. relaxing tension on the cable to open the test tool
'to- first equalize pressure thereacrosg and to open
the lateral ports of the receptacle and flowing the
well; and '
£. subsequently Treleasing the test tool from the
landing receptacle and withdrawing the test tool
assembly from the well. |



lowering a string of well tubing into the well, said well tubing
udlng seal neans adjacent its |lower end for sealingly engaging the
|nternal wal | of said packer bore and a bypass | andi ng receptacl e above

said seal neans, said receptacle mnmeans having |ateral bypass ports
- which communi cate the bore of the well {gbing bel ow said receptacle wth
the interior of said receptacle; b. | andi ng said string of well tubing

the well with theTB€alinvaRtEQht 2169, ArANdas @ sasthedl yo£ngagsingn a he
bore of sai dwpatkeavieg cdsiwlﬂgeﬁei:estsaeal calsb'!h@ $Riihg\gldr did on a

conductor cable or wre and anchoring the s ai d 1 andi ng

ool e, SRPASFEE FotHEN | ROTRETTON Lop i ofRPted naFBERPORSHAS e
\r/:fsg acmeaanpact;entrsét?ﬁ:gl fﬂm%rdalsrmgghabs&ed tﬁéovpmﬁsmoriaiahd/al ve
being novay GlngeEWB‘SQe Qg‘écab?@@u | 0% %&%%tkg%”%x}cﬁ%nfﬁ \rllg to

tensi oni ng and relaxi ng sai W|re ensi o said wire
line or cabl@-to éP8§61§§| 8 S&3inct 6f weld tewiing dindionlthey peedd peaisd of

sai d bypass recepwathe taacingl |1Qx\€°.'1ﬁl@19f995§éb{:€ ﬁgalbbll hd jHBeRe! QWssaididracker;
e. rel axi ng sai 0 .open_said teSt tool to first

d ga
substantially equﬁf‘ﬁ gob'r 8§§Enﬁ-é‘§lé’h&n§ R6A0Gs thRd infegpat wald of sand
bypass ports of spadkbypasxd aadidng regpasacllamyicd | petepgtabee Waldgveand f.

rel easing said tegty aoolegﬁomﬁgyﬁgtnu§§§dlapgéggt£gfgpt%%g sanqlav1ng

wi t hdrawi ng the test tool from
lateral bypass ports which communicate the bore of

the well tubing Dbelow said receptacle with the -/
interior of said receptacle:;

b. landing said string of well tubing in the well with
the seals adjacent its lerr end sealingly engaged
in the bore of said packer;

O

c. lowering a test tool into said well tubing on a
conductor cable or wire line and anchoring the same
in said landing receptacle, said test tool having a
flow passage therethrough and valve means
controlling flow through said flow passage, said
valve Dbeing movable Dbetween open and closed
positions responsive to tensioning and relaxing said
cable or wire line; _ _ ' U

d. tensioning said wire line or cable to close said
test tool and said lateral bypass ports of said
bypass receptacle and allowing pressure to build up
below said packer:; _

e. relaxing said cable or wire line to open said test

| tool to first substantially equalize pressures

thereacross and to open said lateral bypass ports of
said bypass landing receptacle and flowing the well;
and :

f. releasing said test tool from said bypass landing
receptacle and withdrawing the test tool from said:
well tubing.



wel |

t ubi ng.

havi ng casing therein, said casing being perforated opposite an earth
f-ormation to be tested, said nethod including the steps of: a. | ower i

a str.

ing of well

packery adjacent

T S d T ecenarl & oy ag, | ALl BOLL, 805 aabild 2081 005 L 2ESPL

- pack

bei ng surrounded by a housi ng avi ng

| at er

its | ower end and a bybébs | andi ng receptacl e above s

end osed

The invention further provides a nethod of testing a well iﬁ;

i ng

tubing into the well, said well tubing including a well

aid
acl e
sai d

al port redds halnmERging stheﬁennenﬁaaﬂt SA%EQT daing prrefoean'de@f

said well paclspodite 88ttdd¥kh $8kHat¥Bh! to PBekefestdPPV&aidSahétnod
casi ng perforati

Iomerln a test tool assenbly into said well

tubing on a flﬁﬁéiﬂ4§qqrﬁ?§a ing it in said |landing receptacle,

said test toola.haviluwerifdgpwva mssa@ éhevel hripulging airko i tise Ude 1y, s@ide |

neans

havi ng | at er al

ble b
fons oni ng and rel diiy SBEne; chefatFife Polbh! o Pacl RS e Chr sl
por tlanethend|ang cﬁoé@ﬁpﬁgsarﬂeartmeweecepta@b@mve osaid

yPuss

tensioning and rel g¢ddiesai Qaiae&ke@e@tla'cri% VAW&:?@' datgsh1t %re SmégieEor ed

In said receptacl e;

and the Iaterﬁaﬁﬁnt RERI of

t ool

d. ten5|on|ng Sai d | exible I'ine to Close said
§§?Bt?ﬁééptaéﬁég surrounded by a

housing having  its upper end closed above said

- lateral port means and having its lower end attached

to the upper end of said well packer:
setting said well @packer above said casing
perforations; _ _
lowering a test tool assembly into said well tubing
on a flexible line and anchor;ng it in said landing

- receptacle, said test tool having a flow passage
‘therethrough and including valve means movable

between open and closed positions responsive to

tensioning and relaxing said flexible 1line, said
bypass landing receptacle having lateral port means

also opening and closable in response to tensioning
and relaxing said flexible line when said test tool
is anchored in said receptacle:;

ténsioning said flexible line to close said test
tool and the lateral port means of said receptacle
and allowing pressure to build up below said packer;
relaxing tension on said flexible line to open said
tesﬁ tool to first reduce pressures thereacross and
subsequently open said lateral port means as
pressures thereacross approach equalizafion, and
flowing the well; and '
releasing the test tool from the landing receptacle
and withdrawing it from the well.

{est



@al | ow ng pressure to build up bel ow said packer; e. rel axi ng tension
o#-5aid flexible line to open said test tool to first reduce pressures
t her'eacross and subsequently open said lateral port means as pressures,

t her eacr oss. approach equalization, and flowing the well; and f.

rel easing the test tool fromthe Iand| ntw ecept acl e and vmthdravm ng it flrgm
the well. Attgéltl on s here $¥ {) ted %o our copendi ng _pat ent

appl i cati on nunbe?t8816433 t3PPEFCKo 15?5 £93)-% P GRPERLRPs PRGSPtcat i on

i s divided aapplibcationopsmmbey m&msmpmsmwn Nounb el 58108183 £Sar i al
No. 2192652),malig0cflidl dgthif U MUK LL! HivEdU4 ORES P! 46A! LBBen@il

obj ect s, vant ages, ntio ecome appar en
readi ng the Ei%%%fﬁ— pEPeA iFRtARDF AUERRT 8Ad9783m (EariAlngNe he 23826584nyi ng

draw ng whergjdp @Iirfée@%ﬁéh%h?nfo:sEhﬂePfti%Eﬁ Gbpuieatibp .2 schemati cal
view showing a well_ being.tested with the test apparatusof this invention;

Figures 2A, 2B, antheE, oPARERS: 85 REVAntH9as ¢ et%l? ohBVERELARI Wigilew,
partly in bLesoéne®n appdrenart|fifom n ﬁéﬁ&ﬁig onthshoaeegraptesh tomllch

constructed rd en [
Cross-secti o%éal}f%‘lg%w ?Réen a%’onghﬁempdéﬁléE - thFl éaggmaenggro@ %ngg .
arrangenent wWiexéintock keys,;

Brief Description of the Drawing

Figure 1 is a sbhematical view showing a Well being _
tested with the test apparatus of this invention; o/

Figures 2A, 2B, and 2C, taken together, constitute a
longitudinal View, partly in section and partly in
elevation, showing a test tool constructed in accordance
with the present invention;

O

Figure 3 is a crOSSrsectional'view taken along line
3--3 of Figure 2C showing the arrangement of the 1lock
keys; '



Figure 4 is a fragnentary view taken along line 4--4 and show ng only that
portion of the test tool nmandrel associated with the |lock keys; Figure 5
an expl oded isonetric view snowing the relation between the keys and the
key retractor sleeve; Figure 6 is a cross-sectional view taken along line
6--6>of Figure.2B; Figure 7 is a fragnmentary view simlar to Figure 2B
shdwi/ng a portion of the device of Figures 2A-2C in its closed position;
Figure 8 is a devel opment view snow ng thegontrol slot of the | ock portion
of the device of Figures 2A-7 and show ng e relative positions of the
control pin therePEgQQE'Q9ﬂ§¥¥E¥iéEh£%tEPg Je¥MCRad W Fordgi fifle 4--4 and
schematical viewsimlar to Figure 1 but showing the test tool of Figures
2A-8 anchorsitowing bypgs thadn Pk Recept ache; tEsgURolMand {8 8890k Pated
t aken together, constitute a longitudinal view, partly in section and
partly in eviviattbe, lebewkeysa bypass | andi ng receptable in which the test
tool of Figures 2A-8 may be anchored; Figure 11 is a cross-sectional view
taken along |ine Bigute &f iEi quv eXxfRQdEd gisemeric aEwssnowelng onhe vi ew

taken along line 12--12 of Piqure 10b;
relation between the keys and the key retractor sleeve;

Figure 6 is a cross~-sectional view taken along line 6--6
of Figure 2B;
N\ - Pigure 7 is a fragmentary view similar to Figure 2B
showing a portion of the device-qf Figures 2A-2C in its closed
position;

Figure 8 is a development view snhowing the control slot

~ of the lock péttion of the device of Figures 2A-7 and showing
the relative éositions of the control pin therein dutiﬂg
opefation of the device; |
Figﬁre 9 is a schematical view similar to Figure ! but
showing thé test tool of Figures 2A-8 anchored in 5 pypass
. ‘landing receptacle;

Figures 10A, 10B, and 10C, taken together, constitute a
longitudinal view, partly in section and partly in elevation,
showing é bypass landipg receptable in which the test tool of
Figﬁrés 2A-é_may be anchored;

Figure 11 is a cross-sectional view taken along line
li--ll of Figure 10B; |

Figure 12 is a cross-sec:ional view taken along line

12--12 of Pigure 1l0B;.



dified formof bypass |anding receptacle | ocated above a packer in a

M ; and Figure 14 is a schematical |ongitudinal view partly in section
and partly in elevation w.th sone parts broken away show ng the nndifi€f>
form of bypass | anding receptacle of Figure 13. Description of the
Preferred Enbodi mnents Referring nowto Figure 1, it will be seen that a
well 20 is scnematically shown to be undergoi ng production testing through
use of production well test apparatus dgpodying this invention. Such test
apparatus incl I I [ oceptacl d r Qr. test
fool 24 Tocked T RarEenT b Sobefnehp iy Rt e dl uPrd 8381300, %00
casing 284 j sedpi,p t n S r ' and has
Te over-bar {1SRECEIPUY iRy, §DAoRKEIRH okl UE SyFane’ IERHIRS
cement, QfeddiSrdbke. 1B8RYUAIAMGe 30 pREREEL iOTaTRId PI; Pipducts from
formation 26 through the wall of casing 28 and into the casing bore 32. A
wel | tubing 35 Rikgends1ir as theschenacechd dongidludindl Weew, tPartly in
perforations 30, and a packer 37 seals between the tubing exterior and the
casing i iedtontaNE Fb@&ilryg imeelewatfofakikt Somd faods abpykehhBway .,
perforations 30. A wellhead 40 cl oses the upper end of the casing about the
wel | tubistpwisgistioéomodd ftileed Upem efidoppatise lamding Bdcepeat D bifne 42
is connected to the tubing 35 just above wel | head 40, and wi ng val ve 44
control s Figwédelween the U

<§;§¥re 13 is a fragnentary schematical viewsimlar to Figure 1 but show ng

Description of the Preferred Embodiments

Referring now.to Figure 1, it will be seen that a weil 20
_ —

is schematically shown to be undergoing production testing ‘o’
through use of production well test apparatus embodying this
invention. Such test apparatus includes a landing nipple or
receptacle 22 and a probe or test tool 24 locked therein.

Well 20 penetrates an earth formation 26, and well casing
28 is disposed in the well and extends through the formation
and has its lower portion sealed as at 2§ by suitable plugging\')
means such as cement, or the like. Perforations 30 conduct
formation products from formation 26 through the.wall of casing
28 and into the casing bore 32. A well tubing 35 extends from
the surface to a level at or near the perfotations 30, and a
packer 37 seals petween the tubing exterior and the casing
interior thus closing the tubing-casing annulus 38 aoove.the
perforations 30. A wellhead €0 closes the upper end of the

casing about the well tubing, thus closing the upper end of the

annulus 38. A flow line 42 is connected to the tubing 35 just



to annulus 38 if needed. The well tubing 35 has a | andi ng ni ppl e or
receptacle 22 connected thereto at its lower end, that is, belaw the
packer 37, as shown. |f desiyred, the landing receptacle 22 nmay be threadec
at fts lower end for attachnment of a nipple or other suitable nmeans for
pr ting the lower end of the test tool which protrudes therefrom
Al ternatively, the receptacle could be nade sufficiently long to house the
entire | ower end of the test tool. Nornmal{y, the | anding ni pple and the
packer are |ocated near the perforations so that the volune of the annul us
38 bel ow t RPP¥EKER1IPegd [4Gye afichiving vYAbveaddi senfirle Hiovceepraene the
is formed with upper and | ower annul ar recesses 50 and 51 in its inner wall
| eaving a |8¥BiB8 prdngPesflow g wech $R8INEGI M3ng Ff rand whpYpyalve 48
shoul ders 53a ang 53b, one facim%éggfﬁglﬁ and th ot her facing downwardly.
Bel ow t he rRERBYLBE, 2FRESSo® BN thE APBPEE-22 is snooth and adapt ed
to be engaged by al ring 56 .0f tgst tool 24 wnen its |l.ock keys 58, ar -
engaged [ the ; eLBes¥E 130 thRihe T8 nag o nfapdIBR. AIPRUR QB R ST RRr SR RS
recept acl e. URRer f fh estt.qol, 24 . f [
| i ne such a%é%%%gggogﬂgggl e aint?glutlg) 4 I%néén‘szgtra%nelarfs %e?%nléﬁéng%/fl
i ncl ude wei rgq (1es | 2 L &N asf q ' | DE9BSma,
w11 be | ater b 37 neas) ShoM “LEHeSE 4y, EReT1anBinY i ar L p R naY
the bore ofbd hensesgebagke iard 10WGKSadd Opb Pfat ORERMeRR Tdelids igB paioh, t he
wel |l tubing. The pacKer, all the while, prevents the escape of

: other suitable means for protecting the lower end of the test

tubing and the flow line. A casing wi ng 46 and wing val ve 48 provide acc<§~f

tool which ptotru&es therefrom. Alternatively, ﬁhe receptacle

could be made sufficiently long to house the entiré lowé: end

of the test toocl. Normally, the landing nipple and the packer

are located near the perforations so that the volume of the
annulus 38 below the packer 37 will be minimal.

The landing'nipple or réceptécle 22 is formecd with upper
and lower annular recesses SO'and 51 in its inner wall leaving
a land or flange 52 therebetween providing a paiz'of aprupt

(% shoulders 53a and 53b, one faéing upwardiy and the oﬁher facing
downwardly. Below the recesses, the borezﬁall'54 of the nipple

22 is smooth and_adapted to be engagéd by seal fing 56 of test

tool 24 when its.lock keys 58 are engéged in the recesses 50

and 51, as shown, to anchor the test tool in the receptacle.

Attached to the upper end of the test tool 24 is a
flexible line such as conddctdr.cable 60 and suitable sensor
means 62 wﬁich may include weight bars. (Test tool 24 can bpe

run on a flexible steel line as will pe later explained.)



wel | fluids upwardly through the annulus 38. Well fluids entering the
casi ng through perforations 30 are thus confined to the isolated portion of
~annul us or chanber 38a defined by the casing bore 32 and having its
er end cl osed by cener 29 and its upper end closed by the packer 37 aqpd
test tool 24. This chanber has an extrenely small vol une conpared wthile
huge vol une of the bore of the tubing which is normally many thousands of
feet in length. Wien the test tool 24 is _closed as shown, the pressure in
chanber 38a soon equalizes with the for¥®ion and thus contains formation

pressure. This Imtd deedr 2o §baaene R ol | Ce £ BOEL1 VR 1R SIAUSEL te bore of
transmtted continually by the test tool to the sensor neans 62 tnereabove

whi ch t hetheendeepteniXé cahd sbioeks fildw BHluLs Oha €abhe £6Q ilds (e iy f acge
where it is received and processed by suitabl e apparatus which then records
and/ or di selldyzumingal Theepabrerpgaillludchefwisild, f proReinezs MRS WECape 6fF
function of tine. The sensor neans 62 nmay al so include neans for sensing
physi cal weaddadtleriids iupwatdby thinughedhe eanmdkusndBanc¥elihd ludsds t ool
woul d normal l'y include tenperature sensing neans, in wnicn case such neans
woul d sen8n&egiags Wrntcanihy ythoovnd perfinrakionsd3Phareurthase confineds
woul d. di splay and/or_ record in real time the tenperature at the test tool
as a functPolhef ksjateshipPpEE’BUPE ARG OIS PE Shamkes 3dp idefined

transmtted to the surface con inuglly all the while that power is supplied
to the seR¥okNgeSRSifg bore 32 and having its lower end closed by cemer~

29 and its upper end élqsed by the packer 37 and test tool 24.
This chamber has an extremely small volume compared with the
huge volume of the bore of the tubing which is normally many
thousands of feet in 1engﬁn. - ;;i
When the test tool 24 is closed as shown, the pressure in
chamﬁer 38a soon equalizes with the formation and thus contains
formation éressure. This build up and subsegquent static,
shut-in preésure'is transmitted continually by the test tool to
the sensor means 62 thereabove whicn then sgn&s electrical
signals via conductor cable 60 to the surface where it is Nt
received and processed by suitable apparatus which then records
and/or displafs in real time the hagnitude of such formation
pressure as a'funétionldf time.
Thé sensor means 62 may also include means for sensing
-phy51cal.cnaracteristics other than pressure. For instance,

the test tool would normally include temperature sensing means,

in wnicn case such means would send signals continually to the



The test tool is closed by tensioning the cable 60. This lifts the upper
portion of the test tool to extended position wnile tne | ower portion # CE

t hereof remains anchored in,the recep- tacle. * The test tool is o
opened by relaxing the cablé 60 and allowing the test tool to contract. @
Whefi~t'he test tool is open, formation fluids nmay pass upwardly therethroug
andshrough the tubing to the surface and pass out of the well tnrough w ng
valve 44 into the flow line 42, provided the wing valve is open. Thus, if
.the wing valve 44 is open, flow fromthe VGr mat i on may be controll ed by
opening and cl osing the test tool nerely by tensioning and rel axing the
cabl e 60. Re@tefaramgandwthe Biugfrasze 2dpp2Batandw2@ld diisplseemndiadr aréestd
tool is indicated generally by the reference nuneral 24. This test tool 24
in this viehPi5ealdEdiRel E8esKEMARF AFUE P2t ether 85 t2400der§ m sEweett PBRaP s
Figure 1. The valve portion of the test tool 24 is substantially simlar in
structure ah#™®peration to the tool illustrated and described in Patent
4,286,661, supra,_the tool bein illustrated in Fiﬂures 17-20 of such

anp 5

patent. Patent 4,588 6BI€FSUA&: IYRUBRSEPLEER RAPBAL St Ji2YalRe pik IBLILRGD

f ' thergto. Test tool 24 includ t ubul ar | 100 havi .
Gounvar diy SheRMRo=BFEREEDaPR ELOS RN erit br HFRavBLFL 8P 5, 8974 Y hesvpphs e
end therepf%PFiﬁgvggéggrlggaggeéeﬂrned in the mandrel wall near the upper
end of blind boreée and cony :

. The test tool is closed by tensioning the cable 60. This

A\ : _ '

lifts the uppe;_portion.of the test tool to extended position

wnile tne lower pértion thereof remains anchored in the recep-

tacle.

iﬁ) ~ The test tool is opened by relaxing the cable 6C and
allbwing the test nooi to contract. When the test tool is
open, formation fluids may ?ass_@pwardly therethrough and
through the tuoxné to the surface and pass cut of the well
tnrouah wing val&e 44 into the flow line 42, provided the wing
valve is open. |

~ | ‘Thus, if the wihg valve 44 is open, flow from the
formation may be control;ed by opening and closing the test
tbollmerely by tensioﬁing and re{axing'the cable 60.

Referring now to Figﬁres 2A, 28, and_zc. it is seen that
a test tool is indicated generally by the reference numeral
.24.. This test tool 24 in this view is a detailed showing of
.tne test tool 24 seen 1n schematical Figure 1I.
The valve portion oflthgfpest toql 24 is substantially

similar in stfuctuke and oéerat;on to the tool illustrated

and described in Paten:t 4,186,661, supra, “he =00l being



muni cate the bore 102 with the exterior of the mandrel. The | ower end of
¢ mandrel is provided with nmeans for anchoring the test tool in a
€
(VA

abl e receptacle in a manner to be |ater described. The | ower portion

04 of the mandrel 100 is enlarged in outside dianeter as at 105 and an
external annul ar recess has been forned in the mandrel as at 106 having:shs
upper and lower limts defined by shoul ders 107 and 107a, respectively. The
recess 106 is spaced a snort distance Q&KDM/the upper end of this enlarged

portion 104 so as to | eave a flanse at the upper end of the recess. Another
ext er nal 13ANStEatet ek Rigurest d/me® iof Furh P2400ta sPacER tibt b6l
belom/recesg 106 as-shown. | di ately bel ow recess 110 the mandrel nas

 been reddEeBEIERUIAITRFROEAEEE, NELedn £OF At (RUTPBRES BXd TSERIRNTRndr e
has beenﬁgxﬁggnally threaded as at 114 to receive the nose piece 120 as

shown. T é?'portion of the nose piece 120 is enlarged in outside

diameter as al bl WHAE 41 SihOYERSNS PN GShdrel §BAMhARAGPS at 122

to provide a suitable guide surface for guiding the test tool as It noves

downver dayuhartlyWeldeniiiE BESAIPEEEE 13 SuhRF défmihibed guzdusptin

di aneter and inte y t as at to receive the plug 128 which

closes tge kaeClupit Wnd Nendpebel 001300 P P P8 OXF8CEovmld & IO

bore such as passage 130. (Thread 126 may be utilized, if desired, to _
attach amhAGkelUA13S rMes€! En600hPEREEn T BIKhPI 666 £022@Rd Woni-he |i ke

tool, to the lower end of _ .
municate the bore 102 with the exterior of the mandrel. The
lower end of the mandrei is provided with means for anchoring
the test tool in a suitable receptacle'in a manner to bpe later
described. : , CJ

The lower portion 104 of:tne mandrel 100 is enlarged in
outside diameter as at 105 and.an external annular recess has
been formed in the mandrel aé at 106 having its ﬁpper and lower
limits defined by shoulders 107 and 107a, respectively. The
recess 106 is spaced a short distance below the upper end of
this enlarged portion 104 so as to leave a flange at the upper w!
end of the recess. |

Another external annular recess 110 is formed in mandrel
100 a spaced distance below recess 106 as shqkn.. Immediately
below recess 110 the mandrel nés been reduced in ohtside
diameter as at 112 and the lower end of the mandrel has been
externally threaded as at 114 to receive the nose piece 120 as
shown. |

The upper portion of £ne nose piece 120 1s enlarged in

outside diameter as at 121 while its lower end 1s generously



the test tool. If such recording gage is to be the only nmeans of gathering v

data through use of test tool 24, the test tool can be run on a -
conventional flexible steel line.) The nmandrel, as seen in Figure 4, ha
been mlled to provide circunferentially spaced | ongitudinal grooves ea

I ndiicgted by the reference nuneral 131 providing ears 132 therebetween.
.The | ongi tudi nal grooves pass through the two flanges at the upper and

| ower ends of recess 106. Locking keys 133 are nmounted in recess 106 of the
mandrel, and each key is provided with meds such as fl at spring 108 for

bi asi ng the ri.n et ween refracted and .expanded positiopns. Each spring
108 nay be-ﬁagﬂfggelnifsﬂﬁt et?eeégglf§4aa§9ﬂﬁﬁﬁ4?rﬁYhéeiﬁﬂéﬁdc§iééﬁﬁ
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nuner al i n parentheses). t surfaces on the mandre

provide googh@ndaadageagh Rard gLk eé‘stBaEBQPEe 1RE tepinioRd 135%;, snd

great loads as a result "of |arge pressure differentials acting thereaCross
as will hernethlbzéd, RE ledighdd } ocdi gbtachha tpRAr suwt £ ofse@Bpdeshti@Bed
I s educed in dianeter '

recording pressure gage, or the like tool, to the lower end of
the test tool. If such recording gage is to be the only means
of gathering data through use of test tool 24, the zest tool
can be fun on a conventional flexible steel line.)

The mandrel, as seen in Figure 4, has been milled to
provide circumferentially épated longitudinal grooves each
indicated by the reference numeral 131 providing ears 132
therebetween. These longitudinal grooves pass through the
two flanges at the upper and lower ends of recess 106.

Y ._ Locking keys 133 are modnted-in recess 106 of the

| mandrel, and each key is provided with means such as flat

'spring 108 for biasing the spring between retracted and
expanded positions. Each spring 108 may be mounted in a
suitable recess 134 as shown in the inward side of the key to
allow the key to be retracted as fully as needed. Thelkeys are
provided with flat surfaces 140 and 142 on its upper and lower
ends, respectively, and corresponding fiat surfaces are also

provided on the mandrel as at 144 and 146 at the upper and

lower ends of recess 105. (Since Figure 4 is a cross-sectional



s at 150, and near its upper end a plurality of circunferen- tially spaced

| of's or flow ports 103 are provided which comuni cate bore 102 with the
exterior of the mandrel. Flow ports 103 nay have their upper ends narrowed -
as at 103a as shown, if desired, and it is essential that at |east one and
preferably two or nore of the slots 103 be extended downwardly in | engihgas
at 103b for a purpose to be nmade clear later. The upper end of bore 102 of
the mandrel 100 is blind or closed, as %%early shown in Figure 2B. Suitable
seal nmeans such as resilient seal ringz O is carried by mandrel 100 just
above the, ugpgr end of nose Plece 20., A pair of.  non: extru5|on rin s 161

are plac¥d® ORKHANE HRFETRIVe| B sé&PQQIﬁ?QHﬁ}eﬁnﬁTﬁ AR aronZ, ¥ ng

162
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shoul der 169 fornmed on mandrel 150 as shown. The upper end t he nose

pi ece 129ah8réidwwajHéyénﬁﬁbdfddmzaaheﬁndfQH@dﬂL@brﬁiiﬁﬁnédhﬁéﬁntothe
| ower si'de of backup ring 168 in ich a wiper ring such as felt w per ring

170 is cenabdd: thee tpstpassoDf tdheivhpeantd ageat tlvadpeashe vekhief othe
| andi ng receptacle 22 ahead of seal ring 160 when the test tool is

i nst al | ellatgeapsessulrieatd istiédrentjalslOanklings atle rasssy dstwedd heeein
recep- tacle and the test tool. \J
atter be brought to light. '
The upper portion of mandrel 100 is reduced in diameter
as at 150, and near its upper end a plurality of circumferen-
tially spaced slots or flow ports 103 are provided which ;:J
communicate bore 102 with the exterior of the mandrel. Flow .
ports 103 may have their upper ends narrowed as at 103a as
shown, if desired, and it is essential that at least one and
preferably two or more of the slots 103 be extended downwardly
in length as at 103b for a purpose to be made clear later. The
upper end of bore 102 of the mandrel 100 is blind or ciosed, as
clearly shown in Figure 2B,
Suitable seal means such as resilient seal ring 160 is
carried by mandrel 100 just above the upper end of nose piece
120. A pair of non~extrusion rings 161 are placed one above
and one below seal ring 160, and a metal backup ring 162 is
.placed between the non-extrusion ring and the lower end of a
retainer sleeve 164 which is attached as by thread 165 to

mandrel 100 as shown. Retainer sleeve 164 serves a purpose

wnich will be explained later. A backup ring 168 is disposed



A tubul ar housing 200 conprised essentially of a tubular fishing neck 2
upper body section 204, @nd | ower body section 206, (Is tel escoped over
upper end of mandrel 100 and is slidable longitudinally relative theret¥
bet ween upper and | ower positions. The upper housing 204 is provided with

1 ndc 210 which are aligned with the,flow ports 103 when the housing is

| ower position seen in Flgures;h& 2B, and 2C. A pair of seal rings

214 and 216 are carried in suitable recesses in the housing and seal
bet ween immedbatehy badowhseadnaisg. 1¥Reanthd shdagimeyl ibetween theiuppepper
position, seen in Figure 7_, seal rings 214 and 216 wll| seal above and
bel ow fIW p%fs t%°§espbﬁcshé29aﬁaﬂeﬁ dowpwardly flaging 1sheuldenghédhe t est

t ool . | prlﬂa 0 g i sed | bore 221 of the | ower_housing section
206 bia angee 33 AdwahopBen Fiso SPEedn entho bR MORR | ng
section s thr | y_at;tac Q6a to the | ower end of upper
housi ng B¥RTT ‘f?g g gge HE Bé’%ﬁég %éa?ffers &Rﬂ:‘é’@a& Lgc g near
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~ assure that seal ring 160 will seal properly between the recep-
tacle_and the test tool.

A tubular heusing 200 comprised essentially of a tubular
fishing'neck 202, upper body.sectien 204, and lower body
section 206, is telescoped over the upper end of mandrel 100
and is slidable longltudlnally relative thereto between upper
and lower pOSlthnS. The upper hou51ng 204 is provided with
windows 210 which are aligned with the flow ports 103 when the
housing is in its lower position seen in'Figures 2A, 2B, and
™ 2c. a pair of seal rings 214 and 216 are carried in suirable

recesses in the housing and seal between the housing and the

mandrel. When the housxng 1s moved to its upper pos;tion, seen
in Fzgure'7, seal rings 214 and 216 will seal above and below
flow ports 103 of the mandrel to prevent fluid flow through the
test tool.

A coil spring 220 disposed in bore 221 of the lower

housing section 206 biases the housing to its lewer (open)

position. The lower housing section is threadedly attached



I bears agai nst upwardly facing shoul der 225 forned in | ower housing
ect'i.on 206, as shown. Movenent of the housing 200 upwardly on the mandrel
100 towards, closed position is linmited by engagement of upwardly facing
shoul der 226 of | ower body section 206 with the | ower side of ‘support rin
222. It was earlier nentioned that at I_e% one of the flow slots 103 ié
shown to extend farther downwardly than do the other flow slots. This
downwar d sl otsefteR968n tics thelikenex! ¢pdtdé npperchosshnges@ctiodh.20the
| over end of 53l QﬁoJiQ3be§s1ﬁ§ %blret 'stdsl Q@@Qﬂdb%tsv\%@fﬁag r{éﬁslgsld' and

216 regardl ess of whether gst tool 1S open or close at all
times, flui dPPPEEMBRG &R eEr°Y?1 e nRMRALE 1o B2 a9 wPhau EfaRh @R 622 BILR med

in the housi PPlaedls opedldedetasent!t 229 t¥o WAvidegepudrany ZFenimnd

t hi hanb g 2 ffset
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communi cat esofi holyt et imas 2 234raddceénlatsalaqoaMef685aofplmgaaes| on
236 attachedtophhg aWghean a@ezadaﬁ{érafp%% %Lﬁf I':':r.'fu ?])dﬁ%]aaz@ed to

the tool train. Adapter 240 has a centr readed
at its |ower2gnadngs athesdowar ssidehneht ﬁltPRCPﬂét um}@tg eﬂ 2ofwmlén§|son

236. Seal riggcdfdaseds Stﬁé'll fmagditelnes) i ehe Jhemuaeersdmiﬁs op29f e 241
is enlarged nd |nte nal, | %?r readed as at, 244 fo gtlte nt t.o the sensor

means 62 whi BAVIBFNL R PaAPR=Gr SPe SPFRESE P SU2 xbernal F&F 99| ude

_pressure andheansemferidiaireansénsi ngsnestisyn or Thee lower end of spring

220 bears against upwardly facing shoulder 225 formed in ju
lower housing section 206, as. shdwn.

Movement of the housing 200 upwardly on the mandrel
100 towards closed position is limited by engagement of
upwardly fac1ng shoulder 226 of lower body section 206

with the lower 51de of support ring 222,

It was earlier mentioned that at least one of the
flow slots 103 is shown to extend farther downwardly than
do the other fiow slots. This downward slot extension is,
indicated by the reference numeral 103b. The lower end of
slot 103b is at all times located between seal rings 214
and 216 regardless of whether the test tool is open or
closed and, thus at a}l times fluidly communicates the 'y,
mandrel bore 102 with chamber 227 formed in the housing
section 204 between these two seal rings 214 and 216, and
this chamber is communicated via lateral passage 229 with
offset longitudinal passage 230 which leads upward to



reference nuneral 64 in Figure 1. The rope socket attaches the tool trai
to the cable by which the test tool is lowered into the well.  The test
tool, after being lowered into the well and anchored in tne | anding

t.acle is opened by relaxing the cable and cl osed by tensioning the
ca . And, pressure of well fluids in the test tool is transmtted via
sl ot 103b, lateral passage 229, offset ngltudinal passage 230, lateral
passage 232, and into and through passag 35, bore 241 of adapter 240, and
into the Iomer end of sensor neans 62. The sensor senses this pressure and
gener ates siaferalipasspgesRidSsivirialy commegoitaces tiroupretel cpdssager 234

processi ng, ‘gcordlng and dlspgﬁylng of the data by suitable surface
| nst runent aﬁ'? Cenheal cBRSEAGR f extemsipad?2ife atdrmrhadtq othqelower

like, one or more wei ght bars, and a rope socket sucn as that indicated C?%i)
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?Pgﬁ{%gdngg%é%gz gf?ég seab r.ng;%§%§P§550 qﬁp qus?& ' 236

seal on ei tn*é%rt:i%rﬂe Of%%f‘ﬁmgﬁé‘k E@%%%%Qo?? Qcﬁréhfdpl?%r el?ﬁ gte%aFHrF‘d’e”t the

escagpe of well | Ui ds en the extension and the upper s the
-internally threaded as at 244 for attachment to the sensor

means 62 which forms a part of the tool train. The tool train
may include pressure and/or temperature sensing means, or the
l;ke, one or more weignt-bars,.ahd a rope socket such as that
indicated by reference numeral 64 in'Figure 1. The.rope socket
attaches the tool train to ihe'cablé by which.the test tool is
lowered into the well. The test tooi, after being lowered into
the well and anchored in tne landing receptacle is opened by
relaxing the cable and closed by tensioning'thelcable. And,
'K«f . pressure of well fluids in the test tool.is transmitted via
slot 103b, lateral passage 22§, offset longitudinal passage
230, lateral passage 232, and ‘into and thfough passage 235,
bore 241 of adapter 240, and into the lower end of sensor means
62. The sensor senses this pressure and generates sighals for
transmission. to the surface.throuén the cable for processiﬁg,
recording, and displaying of the data by suitable surface
instrumentation. .
The test tool 24 may, i1f desired, be connected to the

adapter 240 py safety release means as shown. Thus, should the

. g, - e I T PUSTIRR



pressure of such fluids is conducted fromthe upper body 204 into bore 235
%tj;he ext.ensi on through | ateral passage 234. Seal rings 264 seal equal )
areas and, therefore, bal ance forces which would tend to separate extension
236 fromthe test tool as a result of well formation pressure. The
extension 236 is provided with an upwardly facing shoul der 266, and a sgg#ar
sl eeve 268 surrounds the extension and is tel escoped into the fishing neck
so that its lower end is quite close tgégéwardly faci ng shoul der 266. The
upper portion of the shear sleeve 268 i nlarged to provide an external

Lo AR B AR R S LB
s &% FFEARECHE S AR "SRR o ARRLERE, oA B
hel oARORERD BRSSP Rl e Mbb' i ber AL grng Shaddy o

fishing neekaétetMenBd" maghi tuddeqdied. friisd sl 0P PR Efohl thed lewte
of the test tool, permtting the tool train to be wwthdrawn fromthe well.

| f desireathoR, ' ephliscBlaridtid feldadé Reanad will Mow Dse i désEPOBRE .DEt Ween
shoul der 266 and the | ower end of sleeve 268 to absorb the shock of snal

i rpacts and, thDse apped weakenf ngpple bOdFaDD EeRE0 Ws | enDatgedf ast iatg
its response to a sustained upward pull on the cable. A string of fishing
tool's mmﬁ&hemnﬁeiboﬁam¢®§nn&nlémgaélhnﬁouaq;ﬁﬁgdnsstakeZﬁaldootetbévek~}
enl arged upper end or fishing flange 273 of the fishing neck, after ,
the lower th;eaded end of fishing neck 202. A pair of seal
rings 264 carried on the extension 236 seal on either side of
lateral passage.232 of the upper body to prevent the escape of
well fluids bgtween the extension and the uppér body as the Q;)
pressure of such fluids is conducted from the upper body 204
into bore 235 of the extension through laterai passage 234.
Seal rings 264_seal egual areas and, therefore, balance forces
which would tend to separate extension 236 from.the test tool
as a result of well formation pressure.

The extension 236 is provided with an upwardly facing ~
shoulder 266, and a shear sleeve 268 su:founds the extension
and is telescoped into the fishing neck so that its lower end
is quite close to upwardly faciné shoulder 266. The upper
portion of the shear sleeve 268 is enlarged to provide an
external flange 269 whose lower side abuts the upper end face
271 of the f£ishing neckx. A shear pin 272 is disposed in
aligned apertures formed 1ﬁ the f£ishing neck and shear éleeve_

as shown. It is now readily seen that an upward pull on the

extension of sufficient magnitude while the test tool is held
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wni ch great pulling forces and/or upward jarring inpacts may be used to /7
free the test tool and recover it fromthe well. The test tool 24 is
.anchored securely in its landing receptacle 22 by nmerely all owi,ng the

wei ght of the tool string and test tool to force it into position in the

| andi\ng recep- tacle. Locking occurs automatically as the spring-pressed
keys-/133 becone aligned with the | ock recesses in the | anding recep- tacle.
Locking is confirmed by an upward pull og _the cable. If the test tool is
anchored, it will not pull free with a p 1 of reasonable magni t ude. Each

| ocki ng Key il3a ¥ smrwkdsdcwf:tchcare qpf 1ar dhysbaeheg upwa s, oy prged to
be conplenentary to the profile of the recess neans forned in the inner

wal | of theHearkdey 2€6epbaabplyd? adi Upwat® fordButo ithe ledledtr ide@vésard
the form of upper ‘and | ower bosses 275 and 276 separated by a groove or
recess 278l1lifthabufvemdtser fasainkg treckeyshesespapi 2§ shiculstasrared. i t Thus
opposite ends which converge outwardly to formfrusto- conical cam surfaces
280 and 28%hs& extensienr bedlibfted dnes ofspbet kestytobls pegwsit 18] hose
upper and | ower side walls 283 and 284 which serve as effective abrupt

| ocki ng shé@odertraimhee becwibbdramn iExgmothecweld.endfgdeasineady Landi ng
recep- tacle witn its upper and | ower bosses_275 and 276 engaged in the
upper and ESRdli&ftedsing $¥Eh| afdPnd ing o8 Achay 2beadAtgirpesads hatvaen

choul dor & PROBIERE R GAnEcthe 1amee Shb S&,Aleerpc2ba, B0,ARsaRy [R& (e
tegy tool Lpothe JANdd0 TSRSRLAE! §nd "SRl 458La" 02huERTAY B2 TR A
'means while not affecting its response to a sustained upward
pu;l on the :aole. A string of.fisning tools may then be
'lowérea into the well to engage and take hold of the enlarged
upper end of fishing”flange 273 of the fishing neck, after
wnhich great pulling_forces_and/or upward jarring impacts may be
usgd to free the gest tool and recover it from the well.

The test tool 24 is anchored securely in its landing
receptacle 22 by merely allowing tne weight of the tool string
(U and test tool to force it into position in the landing recep-

tacle. Locking occurs automatically as the spring-pressed keys
133 become aligned with the lock_tecesses in the landing recep-
tacle. Locking.is confirmed by an upward pull on the cable.
If the test tool is anchored, it will not pull free with a pull
of reasonable magnitude.
Each ioﬁking xey 133 1s provided with an outwardly facing
surface éoncoured to be complementary to the profile of the
recess ﬁeané fgrmed in the inner wall of the landing:receptACle

22 of Figure 1. Thus, the key profile is 1in the form of upper



be noved upwardly, and that only after the Keys are first retracted to_

ngage their abrupt upwardly facing |ocking shoulders 284 fromthe
correspondlng abrupt downwardly facing stop shoul der of the Iandlng
receptacle. As the test tool is pulled upwardly fromthe | anding
receptacle, the cam surface 280 at the upper outer corner of each key wll
gui de the key past obstructions. The | ock keys are carried in external
annul ar recess 106 of the mandrel as sR&wn. To enhance the load bearing
capabi | i ! e_l gad _hearin C f _the
keys and %Z%‘r']dp ?nggsg anaﬁg S?ngatlg'g%r ﬁld oam%%cé a%%%egrgea
of intingtyg co e a ri he, .

Opposi t o 2ous i 12 EE&S%&‘? TR ot e eV R L R S d 1ok 85
surfaces e e 4 6 (see
1 r%syaﬁ:é eRas g %é.&@é;gp.gﬁgpa&mﬁ@&a%&}n £\s 0d

Fi gure 4) attene surfaces are y corivergent 1 nwardly, being

tilted aconi®dl KWamegueesces! 20/ and 25'2‘ LQ“Q':TsU%'p%@: A wwébeends.
mandr el .” These fl at surfaces, however, could be inclined at sonme other

sui t abl e razgebtive IPsi refle eeedyS1d 383" 8 BerMahldy lowe e faexpanted
position but nay be noved inwardly as a resul ? of the upper or |ower cam
surface 280 and@38ofwhbehl selt vieeyas aaf et £vengbaupebiockdngshdulder el |
as the test tool is |lowered thereinto or pulled therefrom In fact, since
t he spanTafist,heeHeockoaly keys iisn pirioef il exdit €0 n@eagagesiini dunel i]JeeiQa‘.ng(cmlep{-@
I nternal dianeter

tacle witn its upper and lower bosses 275 and 276 engaged in

recept acle in an upwardly or downwardly direction. The test tool can
e

the upper and lower recess of the 1andiﬁg receptacle 22 and
with its abrupt locxing shoulders 283 ahd 284 straddling the
oppositely facing abrupt stop shoulders in the landing recep- C;f
tacle. The keys, thus, are able to lock the test tool in the |
landing receptacle since the test tool cannot be moved out of
the receptacle in an upwardly or downwardly diréction. The
test tool can only be moved upwardly, and that only after the
xeys are first retracted to disengage their ébrupt upwardly
facing locking shoulders 284 from the”cbitesponding abrupt
downwardly facing stop shoulder of the landing receptacle. As
the test tool is pulled upwardly from the landing recepﬁacle,
the cam surface 280 at the upper outer corner of each key will
guide the key past obstructions. |

The lock keys are carried in external annular recess
106 of the mandrel as shown. To enhance the load bearing
capabilities of the lock mechanism, the load beating contabt
areas of the keys and the mandrel are made planér or flat to

provide an increased area of intimate contact therebetween for



“of the well tubing, the keys will drag against the tubing during its entyfe
round trip into and out of the well. Wen the test tool 24 is |lowered i
the |l anding recep- tacle, the keys will be pressed i nwardly agai nst fl at
“springs 108 until the external bosses 275 and 276 becone aligned with the

I n nal recesses 50 and 51 in the | anding receptacle, at which tine the
ke&éﬁquickly nove outwardly under the bias of springs 108 and the key

bosses engage the recesses of the Iandigg eceptacle. In this position, the
recess 278 of the-key engages the | and etween the recesses 50 and 51 of

t he 30 | avlidwbé £EERG aplepddesand i\es t €hé bPPbsiitel RANEDb SOENE Ck¥ys are
anchored in the landing receptacle until the keys are disen- gaged fromthe

receptacl e piditenedgs adBeladbland L4 Epsandetheckasd W llherEicé90b s
pressure builds up therebelow, and the thrust created as a result of the

i ncreasi ng @i¥rdrehtretepscifbér aractfilat tenedsihheheecarreasolldncamdsEs6 (see
proportionately. The force of this upward thrust is transferred fromthe
mandrel to tFiguas stk hr obhesehé lengegedt ssunfaces| aressifiighdd Yl 4o mveirgant
of the mandrel and keys, respectively. This load is transferred by upwardly
faci ng abrupgtWarddsnoeeing L2ited @ate akout t 10t degteesnsediar ifvecite) theupt
st op shoul der 53b which forns the |ower face of the |and 52 | ocated between
the recessedORLEREENAL naxhe PAn&hSg MandR bl cTheseThtat syrfasRsis

transmtted, fromthe tesi.tool .to_the Janding receptacle, which is a pa
of ‘the tubi RSBV SRHLR 58 BERLBEY Y NG| qeher saitable angfel it

(N desired.
Lock keys 133 are normally in their expanded position but

. may be_moved inwardly as a résult-of the upper of lower cam
surface 280 or 28l of the lock keys encountering an obstruczion
in the well as the test tool is lowered thereinto or pulled
therefrom.. In fact, since fhe-span of the locking keys in
thei: 6uterm§st_position_likely exceeds the internal diameter
of the well tubing, the keys will drag against the tubing
during its entire round trip into and out of the well.

When the test tool 24 ié-lowered into the landing recep-
tacle, the keys will be pressed inwardly against flat springs
108 until the external bosses 275 and 276 become aligned with
the internal recesses 50 and 51 in the landing receptacle, at
which time the keys guickly move outwardly under the bias of
sptings 108 and the key bosses engage the recesses of the
landing receptacle. In this bosition, the recess 278_of the

key engages the iand 52 between the recesses 50 and S1 of the



|| arly, downward | oads. are transmtted fromthe test tool to the well

ng through the engaged flat slanting surfaces 144 and 140 of the
mandrel and keys, respectively, through the keys, and through the
downwardly facing abrupt |ock shoul der 283 to the upwardly facing abrup
stop shoul der 53a which forns the upper side of the |and 52 between th
recep- tacle recesses 50 and 51, t Qe receptacle 22 which forns-a part of

h [l bing. T I h | f he | andi le, th
keys 13804AR0 DEePRpFAETRaZ2er APE, BHE FO5F SBOH L& PSR BhrSCOUEOIR Iy
faci 8 . e d dl t th
abr upt SSHRESS YA Ene  fafathCreBkracts Unel e Ree sRdGfadn D™, 1
Means ég(g@&ﬁdtﬁggﬁéegﬁgggigg Rgileys 133 -to rel ease the test tool for

Wi t hdr romthe ing receptacl e. Such means includes a key

retracting slwieere 8R@ 6hblabli¥ eensiomedqodl dsitg ™l aleskdy) Ng cam

surfaces engageable with correspondi ng cam surfaces on the keys. The cam

surfacordiedde ShEEIS apdehleekeYIsw(oanld khe' ehrdEt (dtad@aed d£Ponsive to
upwar d novenent of the sleeve relative to the mandrel in a manner to be .

descri hedulfheokeyhd 3Bncseabong diffegentialt prissureaittind dadsdsl
extensions or wings 330 on its sides providing cam surfaces 332 which are

i ncl i nedhedcvesizrebgl abncreased| prapdritdadtatelys a Theatfemceoroff [&hHisB32a. The
device 24 of Figures 2A-8 is provided with three such keys 133, but any
sui t abluPwandbhethoiskeis toangfperpdofic@ad the mandrel to the keys

through the engaged slanted flat surfaces 146 and 142 0f.the ~
mandrel and keys, respectively. This load is transferred by
upwardly faéing abrupt lock shoulder 284 of the keys to the
downwardly facing abrupt stop shoulder 53b which forms the : ;:}_
lower face of the land 52 located between the recesses 50 and
51 in the landing receptacle 22. Thus, the load is transmitted
from the test tool to.the landing receptacle, which is a part
of the tubing string which is secured in the well. |

Similarly, downward loads are transmitted from the-test
tool to the well tubing through the engaged flat slanting ~
surfaces 144 and 140 of the mandrel and keys, respectively,
through the keys, and through the downwardly facing abrupt lock.
shoulder.283 ﬁo the upwardly facing abrupt stop shoulder 53a
which forms the upper side of the land 52 between the recep-
tacle recesses 50 and S1, to the receptacle 22 which forms a
part of the well tubing.

To release the test tool from the landing receptacle, the

keys 133 must be retracted sufficiently to permit the abrupt



by the retracting sl eeve §20 seen in Figure 5. Retracfing sleeve 320 is
~tubular and is formed with a plurality of dependent finger-Iike project

324, the nunber of these fingers being equal to the nunber of |ock keys 133
mougit 8d on the mandrel. The upper tuby] ar portion 326 of the retracting

sle surrounds the | ower reduced po Mon 206b of the | ower body section

206 and abpRakasy eaditl Mo i IR df AR Sc ragldLiog: tga TBodr €l
31 proj eptlﬁons 132 bealr igng tr?e slanted fla Jsfuppor?‘er'?%céeisggﬁﬁ%%ggi%
and passimoveat upaardly iRkt dRCRHIME G AHa LN F St O SREYFadPO
Is formed with opposed | ateral projections 334 whose | hwa upper corner is
chanf er ed58b pnotheée landimgs telceptadld i22ed downwardly and inwardly as at
336 which coacts with coengageabl e cam surface 332.on the keys to retract

the keys. and di Meapagarehgmoided foandiety actda alle: kA 1V FPYEaBat
of the retracting sleeve to release the test. tool fromits anchored

position thet hesketoplafios fwirthdirawalafxionf thve tlamdirld .rddemracled 24 SEch
al so provided with_ | ateral projections 338 which coengage at all tines with
st abi | i zeheBHs1883ubdgs g kg ratsastingdsdesvecd2) B0 datlac avurn thed r

upper end a own, t.o hel int.ain the Keys in proper position. An |
"ext er nal %bﬁ%§d§g§5mP§d§ngngggeﬂlpﬁe°ﬁ&m§“€g19§ﬁ=QQﬁﬂﬁﬁ%P¥§%Vkﬁﬁshomm.
Thread 3 g fingers 334 to be telescoped.into the retainer
slgeye 13%?f§é§b%§gﬁFgoﬁa%théfﬁces on.%he keys. The cam surfaces on

-/ the sleeve_and the keys coact to retract the keys responsive to -

énchor the device in its landing receptacle 22. The keys 133 are retrac’l
0]852;

upward movement of the sleeve relative to the mandrel in a
manner to be described. |

| The key 133 is shown in Figure 5 to be formed with.
hlateral exténsions or wings 330 on its sides providing cam
surfaces 332-which a:e'inclined'downwardly and inwardly and
lead up to a plafeau or flat 332a.

The device 24 of Figures 2A-8 is provided with three such
keys.l33, but any suitable nqmber pf keys could be provided to
O anchor thé device in_its landing receptacle 22. |

The kéys‘133 are ;eﬁrﬁcted by the retracting sleeve 320
'seen in Pigufe 5. Retractin§ sleeve 320 is tubular and is
formed with a pluralitj of dependent finger-like projections

324, the.humber of these fihger#fbeing equal to the number

of lock keys'133 mounted on the.mandre;. The upper tubular

portibn 326 of the retractihj_s;eeve surrounds the lower

:educed portion 206b of the lowgf_body section 206 and also

the mandrel 100, its dependent fingers straddling- the mandrel



ers are thus free to nove between its |ower position, shown, and its
upper position wherein tne upper end of thread 335 abuts the, | ower end of
the thread of the retainer sleeve. Thus, upward novenent of the retrac
sleeve is limted. Means for effecting upward novenent of the retractizgj

Gggﬁgthread 335 is well beyond the thread of the retainer sleeve. The

sl eeve are provided and will now be described. The upper end of the
retracting sleeve 320 is externally threaded as at 340, and a cap 342
having an internal flange 344 st &ded onto the upper end of the

t ti | t of t 206 | ati
o rotr adiTTOeSLER0E 330 154X Y chBy = HBRAREr AP FHTRP ChoBP HBACERS 10r
| body hut ti ng, th f 342. A.control ri
35 havi e £ BaBpeomatiing Aot rret EBE KRSstont rol pin 350 carried
th b t 2 { f
oEr oot hg o oekatH FINT S0R Y7, BRE, R PUBDRL S QUL N5t TIE £GP
flange 344 e t‘é‘?ﬁegéh()'lart'e'}%l?’@:éi@é‘é§oh§ RS whSHel | (Gl AN xk%péhe&sf:%@

free to nove ationally in a manner to be descri bed herein- | ow. The

i nward engs cfhafpeeel Rioh fﬁ» ide e00agRdshPeaeRt (A 1Sinda BaRsward1{ 0k ARd
in the exterior surface of the reduced dianeter portion 206b of the” | ower

body sectirar®byvakCcRti 33¢ SRl dbddts LihehuppengRYddre ctamesaaEhtrg
sl eeve 320. A developnment of slot neans 354 is seen in Figure 8. In the

devi ce of3F2 gor esh@Ak8yst te @At rilg KéPsi anar ddisderd abd heHdm eﬁrﬁﬁnt[u
pins circunferentially spaced at 120 degrees.
landing receptacle upon upward movement of the retracting
sleeve to release the test tool from its anchored position in
the receptacle for withdrawal from the well. Fingers 324 are
also provided with lateral projections 338 which coengaée at-c:;
all times with stabilizer tabs 339 formed on lateral sides of
keys 150 adjacent their upper ends, as snoyn, to help maintain
the Ke?s in proper position. |
An external thread 335 is provided on the lower end of
fingers 334 as shown. Thread 335'permits the fingers 334 ﬁo be
telescoped into the retainer sleeve 164 to a position wherein ~
the thread 335 is well beyond the thréad of the retainer sleeve.
The fingers are thus free to move betweén its lower position,
ghown, and its upper posxtxon wherein tne upper end of thread
335 abuts the lower end of the thread of the retainer sleeve.
Thus, upward movement of the retractor sleeve is 11m1ted.
Meads for effécting'upward'movement of the retracting
‘sleeve are provided and will now be described.

The upper end of the tetracting sleéve 320 is externally

threaded as at 340, and a cap 342 having an internal flange 344



Control slot means 354 is simlar to that disclosed in U S. Patent

4,420, 044, supra, and conﬁyises a continuous zig-zag type slot for
directing the travel of control pin-350 therein as the | ower body section
206 is reciprocated between its | ower val ve-open position and its upper

val yeycl osed position. This reciproca;&&g causes the control pin to advance
af degrees about the |ongitudinal S of the test tool with each

oC, POtk OBne 2Rl edl WHec? Ne Sl TR O UL GG (g SBLdE0S, L°

e
control pinis 1n positionto cause relfeased from

the | andi pgwhivalembYeRRINE lof NOuetSthdulling B W NS¢ We 1 JE{ & T4 When

the cable is next tensioned. Control slot neans 354 |na?udes a contl nuous

zi g-zag hpetzastihgadleevie 20t iF5Q iwiitdn PE idcuivadd By eskioes showrdef
portion 206b | ower body section 206. This slot 356 is formed wth a nunber

of upper B45upfaldweretiodydisegtdors Qb6 abhiting (tik NPpet Adrsd BB odl an
equal nunber of |ower or downwardly extending |ongitudinal slots 360, npst
of "whi ch Pé2ferabbpntuolonting 34i8c hawirg atd lefad toware himva sty ipro206 and
are thus open-ended. Since three control pins 350 are provided, then three
sets of uppetingdcpodelspdns 380 qarpied therehymdis idaptuned . impide ppap
slots 358 are out of phase with the |ower slots 360 by about one-half_the
di st ance H2EwRRA iFoFUPPRrLed 28 $hRVIPPRTe ahAf Hejiracting eleawd 349 ned

ih 2 Suds BURLEER ShCABAS? Ao s I Slde o I n e |
360 s prowldedoutbh 2.0 436010308 U BESPbA AR dASNs Uil Holds
' free to move rotationally in a manner to be described herein-
below. ihe inward end of control pin 350 is engaged in control
slot means 354 formed in the exterior surface of the reduced
diameter portion 206b,of'the lower body section 206 which is
disposed within the uppér portion of retracting sleeve 320. A
development of slot means 354 is seen in Figure 8.
~In the device of Figu:es 2A-8, the control'ring 348 is
provided with three control pins circumferentially spaced at
N 120 degrees.
Control slot means 354 .is similar to that disclosed in
U. S. Patent 4,420,044, supra, and comprises a continuous -
zié-zag type slot for directing the travel of control pin 350
therein as the lower body section 296 is reciprocated bétween
its lower valve-open position and its upper valve-closed

position. This reciprocation causes the control pin to advance

a few degtees about the longitudinal axis of the test tool with



Q?gq to the left. It is feadily seen that when the ¢ontrol pin 350 is in the
Hdrizontal slot 356 and is noved upwardly or down- ‘wardly, the pin wll

encounter one of the cans 362 or 364 and will be forced to the left and
guided into the corresponding slot. Thus, the control pin will always b
advanced to the 35 next slot and gM |1 progress increnmentally about t{

test tool in a clockw se direction. hﬁ upper slots 358 in an exenplary

3 P ek (PO 1pE8daBYoh)°ah8" BERRES N UIRERS ninllr 38 hucto e AN, 9284

Slﬁ1|a wer s rrespon I 'ng ex

| dent i faaegl&yet héhée«f:ngF ByAL gl %@Q@@@%%&@%@#%é %%Cat 3 the

correspondl ng upper can1surf ces and are In y the

referenge negepel ?eﬁ@gged3§39m Eﬁgclaﬁa‘inafsg‘igg%@d %6? 4 ene3 ¢ and

364d, respectively. Notice that |ower sl ot is n open ende as t he

ot her s {41 hes e Ch9ERAr 8RA aad:es:ew WhehNehl cabl® 4@ eXt Ridhd Wnddl S
group of slots is identified by the reference nuneral .350a. As seen in

Figure 8, whetokbteoleslotomeahs QAper aheduties! af tohltd nuower Zdedeawecti on 206
to val ve-cl osed position (seen in Figure 8), the control slot neans 354
will beéromizohtpheanhylani skothd56owhioch phadrgieswthle meduedy renain at
the I evel shown. When the test tool is open, as seen in Figures 2A, 2B, and
2C, eachatake bl PPFhigB0206P| Lleverphody §ppsiopl 806358This slot 356
is formed with a number of upper or upwardly extending closed-
end longitudinal slots 358 and an equal number of lower or
downwardly extending longitudinal slots 360, most of which
preferably run out at the lower end of lower body section 206
and are thus open-ended. Since three control pins 350 are ;:;
provided, then three sets of upper and lower slots are provided
to coact therewith. The upper slots 358 are out of 'phase with
the lower slots 360 by about one-half the distance between slot
centers as shown. The upper slots 358 aré each formed with a
guide surface or cam 362 at the right-hahd side of its mouth or
opening which faces downwardly and to the left. Similarly, L~--/" 
each lower slot 360 is provided with a guide surface or cam 364
at the right side of its open upper end which faces upwardly
and to the left. It is readily seen that when the control pin
350 ié in the horizontal slot 356 and is moved upwardly or
down- wardly, the pin will encounter one of the cams 362 or 364
and will be forced to the left and guided into the |

corresponding slot. Thus, the control pin will always be

advanced to the



For exanple, assume that the test tool is open to permt flow therethrou
and that the exenplary control pin 350a is in upper slot 358b as shown.
Wen the cable 60 is tensioned to extend and close the test tool as seen
Figure 7, the control slot neans 354 noves upwardly relative to control pin
35Qan Cam surface 364b will engage the pin and camit toward the left,
th®s/rotating the control ring 348 slightly, and wll guide tne pin 350a
into lower slot 360b. Slot 360b wll adVﬁE upwardly relative to control
pin 350a until, when the test tool is fu gfclosed, the control pin wll be
positioned near the |ower end of slot 360b (at about the position shown in
dotted-1indi§xt| $19KoaRd Wd LinPSIOKIERS t hAcT epentaldy Abaut e, tasobtand
360c are open ended only to facilitate assenbly of the control ring and
control sl otPn@afitosknise: Hd f€GHIORN « pins 350 are preferably fornmed

' | with th | ri 3 b | di h ' ' ' I .

bper tures. 1 ormed THEC HEBEE NS 1oRRer Theth AE| B ol 1zy S Rrd Are| Lagntitied
' 220 dth i ght of the tqol - i T L LI th | f

TPt Cosed PocrofcreEabahor nifsad®, S4dar Pathhe, ¥Ein and “Had o | O"

Fi 2A 2C _ ty.0la sk d

oot fuc & BEAERYE hnalighlg, ST 160 Ol ERR: oV RIRY WA acv

| over sl ot §00PRabRLOL A1 Bt eifd e dEUPURED! hubRENG, oD 866, S62C

e left, gt ro g

-and is ca to t rotati e con ring slightly and gurding
the control3gud), i4R® 3PPE! - SARE0358he B¥ri€sboh82hgl 2ppRir lHHF AdWEr ORRN

agai,n but the control pin has advanced in a clockw Se direction

_ surfaces 362 and 364 are indicated by the reference numerals
'362a, 362b, 362c, and 362d, and 364a, 364b, 364c, and 3644,
respectiveiy. Notice that lower slot 3604 is hot oéen ended
as the others but has a closed end and is quite.snprt. The
control pin for this group of'slbts is identified py the
reference numeral 250a.

As seen in Figure 8, when the test tool is operated to
lift the lower body section 206 to .valve-closed position (seen
in Figure 8), the contfoi slot meéns 354 will be moved upwardly
/ wnile the control pins 350 will normally remain at the level

shown,

When the test tool is open,'aS'seén in Figute# 2A, 2B,
and 2C, each control pin 350 will occupy an upper slot 358.
-FQI example, assume that the test tool is open to'permit flow
therethrough and that the exempiary contrdl pin 3$0a is in
upper slot 358b as shown. wnen'the'Cable 60 is tensioned to
extend and close the_tes: tool as seen in Pigure 7, the control
slot means 354 moves upwardly Eelétive to control pin 350a.

Cam surface 364b will engage the pin and cam it toward the



m upper sl ot 358b to 358c. The control pin will thus progress from sl ot

slot as the test tool is opened and cl osed. \Wen, however, the control
pi n 350a occupi es upper slot 358d, subsequent tensioning of the cable wll
cause the test tool to be released fromits anchored position in th
| andi ng receptacle 22. This occurs because, as the | ower body section §53
and its control slot neans 354 nove upwardly, the control pin, as it were,
| eaves upper slot 358d and is guided ipto | ower slot 360d by cam surface
364d. Now, because |ower slot 360d i s oMl 1 ow and has its |ower end closed,

further hekti,n@mfs _tmsem% éﬁgyc%m?ﬂe%gﬁ) aﬂ@stéfisaéﬁgf," at Py {EANS

354 will cause lifting of the pin, an re the contr ring 348, cap

342 and getdectineg Fleeys0820nto Aoweas sdY a3 668, hegebealgys, wAVEr d
novenent of the retracting sl eeve causes the cam surfaces 336 on its

fingers &d¢ahcecapuandXy £OLEECSveptddicdn el Pin a8s6a33R8LeN,t R Vshel 33,
causing themto retract. This retraction of the keys wll disengage the
key's abkept Gpadr disy fuldnge tdseddeth284omtonk pih anill bgbeepeosi tivmed s
abrupt downwardly facing shoulder 53b and will permt the test tool 24 to
be |ifteneadrothehdoweremmat|@f $1lowi Bl6Obe (Adadiboutintire sposdtibat shown in
unl ocking the test tool fromits receptacle, the keys will not necessarily
be retra8PtBedoldpeis) «ful | est, for as soon as they clear the downwardly
- faci ng abrupt ihoulder in the recegtacle the test tool wll be%in its

upward travel . 1t SPOULG (R rundegs F9odndbast dhe tirnerss30bs 3§08he IRy 0y

the keygaggdégsctg%e open ended only to facilitate assembly of the

control ring and control slot means since the control pins 350
are preferably formed integral with the control ring 248 as by
welding the éins_in suitable apertures formed in the ring; <;’

When the tension on ;ablelso_is relaxed, spring 220 and
the weight of the tool string will move the test tool from its
*losed position, seen in Figure 7, to its open position. seen
in Figures 2A, 2B, and 2C. As the control slot means 354 moves
downward relative to control pin 350a, the control pin moves,
as it were, out of lower siot 360b, comes into contact wiﬁh
downwardly facing cam surface 362c and is cammed to the left,
rotating the control ring slightly and guiding the control pin
intd upper slot 358&. The test tool is, at this time, open
again but the control éin has advanced in a clockwise direction
from upper slot 358b to 358:._ The control pin will thus
progress from slot to slot as the test tool is opened and
closed.

When, however, the control pin.350a occupies upper slot

3584, subsegquent ;ensioning of the cable will cause the test



expand and nove the |1 ower body section down to its normal position. Thj
downward novenent of the |ower body section causes the control pin to

as it were, from  shallow |l ower slot 360d to the next upper slot 358,
mhigE)upper slot is |ocated, relatlvely, in a position identical to that of
upp®~-sl ot 358a. The control pin 350a%73 at this time in position feor the

A AR I A o ool
35’2?2550 icld 32, Tbfe SeaNrhopRENEeS AL hie i nARE e i,
occurs. é Nnd a?.l.e%h éﬁ?ﬁﬂn?&ﬂg aey! moQR ugué fd%g a'éheg%do A1 such

cycl es, but it w ease on ourt A tensi oni He Ta

Actual |y pitf) agld ©0Wee £&) 1@5&@&'hﬁg?khglb%5t35t eréﬂelé %Jsu Stﬁféo

cl osing the tool to pern1t but | pressure t equently
openi ng tlhﬁretro@ld@r360d)Vb¥)r@aﬂEa§uf'ﬁa§HC|3GQBQSQ/N%E)ﬁn Hetaludd WouwBY %dermesy
and then t ensi oni ng the cable the fourth time to pull the test tool from
the receptdd ds IshaXiowevand hisiStdesowed eadr edvsed,hEuttHee 1Gffting
open/ cl ose cycles to bring about early release of the test tool fromthe
recept aclod, tihiee lgiwe 339xdy csedieiomi 20 6] apdpobiet conta oiln stllod meRNGEP3i534 €

seal ri ng 160 therebel ow di nmini shes sufficiently, coil spring 220 will
N D

upper slot 358 before Iowering the test tool into the well. For exanple, if
the cont Wédllpicaussodifitingmief thepins apgetherefozssithet kontaoll' ¢ imgnber
- of\cycles .will De reduced by one before autommtic rel ease occurs.

Sln1IarI948'fqﬁﬂa%ﬁ%1ﬁ%§|?ﬁ§€§ﬂ?§n90%bFEBel uppePSswWgE BFpdained

hereinabove, upward movement of the retracting sleeve causes
the cam surfaces 335 on its fingers 324 to coact with corres-
(;) ponding cam surfaces 332 on the keys 133, causing them to
| retract. This.retraction of the keys will disengage the key's
abrupt upwardly faczng shoulder 284 from the landing recep-
tacle s abrupt downwardly facing shoulder 53b and will permit
the test tool 24 to be lifted from the receptacle.
It will be readily understood that in unlocking the test
O rool from its receptacle, the keys will not necessarily be
'rarracted to their fullest, for as soon as they clear the
downwardly facing abrupt shoulder in the receptacle, the test
tool will begxn its upward travel. 1It is further readily
understood that as soon as the drag on the keys and/or the
seal r1ng 160 therebelow diminlshes sufficiently, coil spring
220 wzll expand and move the lower body section down to its
normal posit;on. This downward movement of the lower body

section causes the control pin to move, as it were, from



Qe nunber of cycles before rel ease will be reduced by two. It is
perstood that the test tool can be forned to provide any reasonabl e
reiber of open/cl ose cycles before releasing fromthe receptacle

automatically. It is readily seen that in the well testing apparatus
illustrated in Figures 1-8, the maximumrate of flow to be had is |im

by the bore 102 of the test tool mandrel 100. Wile this bore is as |arge
as it practically can be, its cross-. sectional area is still small
conpared to the cross-sectional area af®he bore of the landing receptacle
or the tubina. Since it is desirable to test many wells by flow ng them at

hi gh wit
test dev
fl ow cap

¥ ripesr wAleR S80skk hehe| naxtapapery ot 3381 ovh184, ugper
%ﬁf with jncreased flow capacity is needed. To provide such higher
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illustrated in Figur 9-12_In Figure 9, a well 20a is scrematically
shown. Tr‘ﬁp?%ﬁi y§ggai’dem’iecgl°'&rf%lt rRtRuref8o ith@twitit bre FiBure 1

except t
t he bypa
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Figure 1 and are |

nti the sane r erence nunerals. € appara

seen in Figurewhds wsedcoRetBa il y84 ?%?ﬂanthlgeu%?s%drg[ﬁ%:%g?%’gﬁt he

apparatus of Figure 1 to test the we

also is t he

same et hgdsn Pisidfod It Begansa tha niyr dekf gECBpRn)RIMRAD dIePEstyP

apparatuses lies in the |landing receptacle, but this difference

the test tool pefore unlocking of the tool from the receptacle
occurs. In the test tool 24, shown, the test tool will be
allowed four such cycles, bput it will release on the fourth

e
tensioning of tne cable. Actually, this allows.for inscallin&"’
the test tool in its receptacle, closing'the tool to permit
buildup of pressure therebeldw, subsequently opening the tool
for £low, repeating such close/bpen cycle two more times, and
then tensioning the cable the fourth time to pull the test tooi
from :he-receptacle; If, nowever, it is desired to reduce the\ﬁ}
number of open/close cycles to bring aboﬁt.early rélease of the
test tool from the receptacle, the pin 350a can be initially
positioned in the appropriate'dpper slot 358 before lowering
the test tool into the well. For example, if the control pin
350a initially'occupxeé upper slot 3586, the tool's numpber of
cycles willloe reduced by one pefore automatic release occurs.

Similarly, if the pin is initially located in upper slot 358c,

tne numper of cycles pefore release will be reduced by two.



“40 does not require a change in the operation or in the processes .

performed, as will be seen. The nodified formof |anding receptacle i$3sé€
in greater detail in Figures 10A, 10B, 10C, 11, and 12 where it is
“indicated generally by reference nuneral 400. This landing receptacle
essentially conprises an upper sub 404 tel escoped into the upper end of the
re tacle body 408 for limted |ongitudinal sliding novenent and a coi
spring 412 for biasing themtoward exten position. The upper sub 404 is
formed with a bore 420 wnich is enlargedv-and threaded as at 422 for

attachment to the jovey ghdePbcbbs WRlal AAIYeSY PholUBRATLES Bt lesi (o0

The | ower portion o e bore 420 may be arged slightly as at 424. The
out si de di ag&ma@f driie tPRESnEY el RuMBRUC FE ﬁo}@ﬁxézésereybmg pefore

“downwar dl y ci ng shoul der 428 for abutting and supporting the upper end of

spring 412 peilelasivg EruiH f196ucedeplatbilen Atomdicid@lupper sub.  The sub
Is provided with an external annul ar recess 430 spaced a short distance

fromits [ower endt Tihe teadilgnseeh thatudpererselbwe 51 ptestday wpparaals
surface neans. The outer corner of the upper sub is chanfered as at 434,

and the enl 410e¢drawwid cixl Pighoés 124, Thid aradimsm at a¥86o £ THe owe teptoec|ead
body 408 is formed with a bore 440 which is reduced in dianeter as at 442
and pref er abby lide eshty [elierboeeeclO2ng £t thesdads retmel 18Ondtellnd O0sst While
tool 24. Bore 442 may be ternmed a 'full-open” bore since it will pass al
st andard this bore is as large as it practically can be, its cross-
KJ ) sectional area is still small compared to the cross-sectional
area of the bore of the landing receptacle or the tubing.
Since it is desirable to test many wells by floﬁing them
-~ at high withd:awal_tates which exceed the f£low capacity of test
Q;D tool 24, a test dgvice with increased flow capacity is needed.
To provide such higher flow capacity, a bypass type landing
recepﬁacle has been.provided and is illustrated in Figures 9-12.
| Ih Figure 9, a well 20a is scnematically shown. This
well may be identical in structure to the well 20 of Figure 1
W, | except that the landing receptacle 400 for receiving the test
tqol 24 is of_ﬁhe bypass type for providing greatly increased
flow raﬁes. All of the other portions of the well and |
appé:atus may be identical to those seen in Figure 1 and are
identifiéd by the,same”:eference.numerals.
The aﬁparatus seen in Figure 9 1s used to test the well
20a in :he same manner as was the apparatus of Figure 1 to test
the Qell_zo. It also is used to practice the same methods.

This is true because the only difference between these two

'apparatuses lies in the landing receptacle, but this difference

EREEY T R1)



ceptacle. Bore 440 is provided with | ock recess neans 443 in the form of

per and | ower internal annul ar recesses 444 and 445 providing upwardly
and downwardly facing abrupt | ock shoul ders 447 and 448, as shown. Lock
recess neans 443 is engageabl e by keys 133 of the test tool 24 for
rel easably |l ocking the test tool in position in the |Ianding receptacle
while seal 160 of the test tool sealingkzéengages the inner wall of snpoth
reduced bore 442 in the very sane mann s was described earlier with
respect tqf&st. ooI 24. and I rec tacle 22 .1f desired, the bore 440
of the recep?%c S oeeu b8 Aey Hg vﬁ?ﬁzﬁt98ﬁg°§h£q(ﬁ@?rR%Qﬁﬁ?ses

recess_45 shor &, st.an bove the | ock recess neans, and a
series of %Q% tggho%?%rbgeggggés 452 t hereabove prOV|d|ng a plurality

of internal Ian%é%dwyéaf%%%faﬂmﬁ A4t FeBBEaRLR0 (P | #n DY Lhe

ref erence nuneral 455. The purpose of the yrlnt IS to |scourage sand

or other geleadserf rquesEl tihNpigaresd 10AUNDE helbockilng lagys 1andiseré {tNng
of the test-tool which could cause difficulty in wthdrawing the test too
fromthe landindgoareptdenerally boCepRifRTend®dyuRdgailt J0WRPETHNS tiMding
enl arged in outside dianeter as at 460; and its bore 440 has its upper _
porti on eneaeprhcie atssérrtialbyacoagriices 452 uppéel saboddd medleddupedwer
end of upper sub 404. A plurality of lug segnments 464 is disposed in a
sui t abl e inter thle appremrendcefsthe receptacle body 408 for limited . \J

éigéois designed to be run through well tubing of the sane sizé as the
p

longitudinal sliding movement and a coil spring 412 for biasing
them toQard éxtended position.
The upper sub 404 is formed with a bore 420 wnich is
enlarged and threaded as at 422 for attachment to the lower C:}
"end of the well pécker'37 or tubing 35 as desired. The lower
pbrtion of. the bore 420 may be enlarged slightly as at 424.
The.outside diamefer‘of the upper sub is reduced as at 426
providing a downwardly facing shoulder 428 for abutting and
supporting the uppe: end of spring 412 which surrounds reduced
portion 426 of the upper sub. The sub is provided with an
external annular recess 430 spaced-a short distance from its
lower end. The lower end of the upper sub is ptbvided with
seal surface means.. The outér corner of the upper sub is
chamfered as at 434, and the enlarged lower end of bore 424 is
flared as at 436. | |
.The receptacle boay 408 is formed with a bore 440 which
is reducéd in diameter as at 442 and preferably made smooth for
receiving the seal means 160 of the test tool 24. Bore 442 may

be termed a "full-open” bore since it will pass all standard



"465 fornmed in tne upper portion of the receptacle body and the individg -
segnents are secured by screws 466. These | ug segnents project inwardl g
,are engaged in external recess 430 of the upper sub 404. The |ug segnen

‘are positioned in the aligned recesses 430 and 465 of the upper sub and
regep- tacle.body by inserting themthrough horizontal slot or opening 467
fo _d in the wall of the receptacle body as seen in Figu 12. After each

segnent is inserted, it is noved to posi{&gn, and its screw 466 is
installed to secure it in place. The Iug gnents 464 thus forn1tne

of 1t he upper oSs EElfEke; LB"PE PO o7 nesgeafgﬁ&’@bﬁﬁgn re%?es e
between t he alpRe SHLPEaLIE, T CEEPEAGD ti%dés %LECSELQ gcQO%ce 3

inits |lowernost position relative to the ‘Upper Al ures |

bei ng bi aseq 430 jtighd MEFMOSE GESeE debxowé SPES {‘Haﬁlén}‘i’ﬂg\?‘% ':%\@.%rsseeryﬂ

bears agai nst the upper end face 470 of the receptacle per rings

472 and 4734a14e a7 14651 provid {RG! spbafz%fl arﬁ‘%@ﬁw&?&f?se c1%ma%z'd§:t he

receptacl e body and engage the outer sur t he upper” sub not™ onl

di scourage gekik ighoulddds Sa4Prandedl easfﬁﬂaéﬂne”ﬁﬂﬂkaﬂgcégﬁ|h@ﬁn@eUW@Eﬁs
these two nenbers and causing undue difficulty in operation, but also .help

to central i agageablegbylekéye 133tof0the eRACIEYIY 24 f6ﬁtfé€lbﬁ_§ablg
di aneters.such as in the |anding receptacle. The receptacle body is thus

provided wi Lbhckdngr dlheyyeests tpool ieapesfienon liowi titge vbahdihgi deceptantler
t ough |tsw§L€2 seal 160 of the test tool sealingly engages the inner
wall of smooth reduced bore 442 in the very same manner as was
described earlier with respect to test.tool 24 and landing
£:>' , ”recep:acle.zz. |
" If desired, the bore 440 of the receptacle body 408 may
be provided with a long shallow internal.recess 450 spaced a
‘short distanée above the lock'recess means, and a series of
similar but shorter recesses 452 thereabove providing a
plurality of internal lands 454, thus formxng a labyrxn h
U indicated generally by the reference numeral 455. The purpose
of_tne labyrinth is to discourége sand or other solids from
settlihg in and around the locking kéys and Sea# ring of the
test tool which could cauSe'difficulty in withdtawing the test
tool from the landing recep:aéle. - |
_The_receptacle body has'its uppér'pértion enlarged in
outside diameter as at 460, and its bore 440 has its upper
portion enlarged as at 462. Enlarged bore 462 is telescoped

~over the lower end of upper sub 404. A plurality of lug

segments 464 is disposed in a suitabple internal annular recess

— TRV AL 0 e a . N



WAl | and flow to the surface through the well tubing 35 wi thout having to

SY@-_S_through the test tool .24 although such bypass flowis controlled by
€ test tool and can be turned on and off fromthe surface i.n a manner

soon to be explained. The receptacle body is provided with a plurality

cireunferentially spaced |ateral flow ports 480 which are preferably

el ongated, as shown, to provide greater flow area therethrough. These fl ow

ports are located in the | ower portionLgf enl arged bore 462 of the

receptacl e body, and, when the receptacC élbody is in its |owernost

posi tion, 4ielte forsedl iMOERS égﬁei\r POHUN K JBLEh¥ p¥BRp¥aldl ¢ I'H’o&gp"!?rf%egﬁe

of upper sub 404, as seen in Figure 10B. To take full advantage of t

great flowndrieadifapaségmé®Ps 8rkoBgiciutddaly IE€PERs0R6%.0t Thakd 1.8 | gned
with each lateral port and extends fromthe upper end of the port to the

| oner endsegmerits ganEjecyl6inwaeddyi andir ®Engagedonn. extEread Hedes«82
are particularly desirable in cases where there is a | ack of generous

cl ear ance4Bét WferthehRRR K| b o4 0 he Mhedilug reegmpentsecate0pasd tilmmechnicn
wal I of the surrounding casing. Below the ports, the receptacle body is
provi ded #f€haddgneakLecessed 438 andagddiaf ihe vppesesubnamds recere

| ower end of _the upper sub when the receptacle body is noved, as by .

t ensi oni n§3Fke- BARAYe B3h ingeFEing phbemyshirauah hREizpphAl 408 Sc apening

21Tl PR TR o 1 DL e, e b AR S

The recepiagleAfter eéch segment is inserted, it is moved to position,

and its screw 466 is installed to secure it in place. The luag

segmenté 464 thus form the equivalent of an internal flange

and, being engaged in external recess 430 of the upper sub, ic:}

effective to limit relative longitudinal movement between the

upper sgb and the receptacle body. The receptacle body is

shown in its lowermost position relative to the upper sub in

Figures 10A-10C, being biased to this lowermost position by

coil sprlng:412 whose lower end bears against the upper end

face 470 of the receptacle body. ~
Wiper rings 472 and 473 are carried in suitable internal

annular recesses formed in the receptacle body and engage the

outer surface of the upper sub not only to discourage detritus,

debris; or the like, from entering and fouling between these

two members and causing undue difficulty in operation, but also

help ﬁo éentralize and to guide the test tool, especially in

restricted diameters such as in the landing receptacle.

.The receptacle body is thus provided with lateral bypass

port means for allowing well fluids to enter through its side



and is further counterbored as at 486, providing an upwardly facing

Shoul der 487. An annul ar valve insert 488 is disposed in counterbore

and is provided with a seat surface 490 which is inclined inwardly and
upwardl y and which is engageable with the seating surface 436 of the upper
su 0 close the lateral ports 480 when the receptacle body is |ifted to
cl osed position. A hollow pin, roll pin, or.simlar securing nmeans 492 is
di sposed in a |ateral aperture of tne re&ép?acle-body, and its inward end
I s engaged inl?hSUiI | e extergal recess fornmed in the valve insert_ 488.
The recess 3PHhENhser?™isOurFher PR E MW I L he hie L he EMPINTh P % whihout
amount ~ of | i.tudinal mvepent of the valve insert. re|lative to shoul der '
484 of rece}}??éf“é b‘oq’dfﬁ%%, ﬁ?ggéhS&Iedé’reﬁ‘i rﬁ‘%‘r%giﬁow}ﬁ&ﬁ?agf’elsélﬁ’\/@y?ass
nmovenent of IS . T pRer rtion qf valve.insert 488 _is enlarge
I n outside 5?%#2#5:%4% 0259# %?o&pgi r{:&s} o%)é\l/aq"b‘? yc?'&c%’ﬁgggﬁgﬁlc’dé’rn
spaced sl i gfiley v o) 487_a t of ¢ te re 486. Thus
an annul ar sr|gle§cefqita§l %or?%eﬁlgg ‘\:Neee%nt %eh%g'ﬁte%%t es(r)ldt;enpo':r? %ﬁ %%%ﬁ\?@gi‘nsert

488 and t he wal | q%éuygg€§é§§fe4§§FXe§g2§§&Jyaégﬂd§iﬁnge%%ﬂﬁggﬂt vabl e

| ongi - tudinally, ‘its external shou noves toward s r 487 of

the recept aghechagds rdnd g, v%yse{anis&fe:quadipwé aebgghx&t%:@e

receptacl e body. Aresili'ent seal ring 498 is carried in
substanti al pyetekadlin@ 1WHYH ©éd SPa§Cshewh ,deld TG viEIlgf 88t #PPEN 0GNd r@ia
\/i

"body is counterbored as at 483, providing an upwardly facing shoulder£§§§>_:f

therethrough. These flow ports are locatéd in the lower
portion of enlarged bore 462 of the receptacle body, and, when
the receptacle body is in its lowermost position, fhe.tops of
C:) ports 480 are approximately even with the lower end of upper
sup 404, as seen in Pigure 1l0B. To take full a&vantage of the
great flow area of ports 480, a longitudinal g:obve or slot 482
is aligned with each lateral port and extends from the upper
end of the port to the lower end of enlérgément 460 where it
runs out as snown, These slots 482 are particularly desirable
\ in cases where there is a lack of generoﬁs clearance between
the outside.of_the_landing receptacle 400 and the inner wall of
the surrounding casing.

Below the ports, the receptacle body is p:ovideé wiﬁh
seal means which are engageablé with the seal means on the
lower end of the upper sup .when the receptacle body is moved,
as by ceﬁsioning the caple 60, to its upper position, not
shown, tp,clqse the lateral ports 480 and stop flow there-
through. The just-mentioned seal means is preferably ézovided

on a separate, replaceable insert as shown. The receptacle



akve insert 488, as shown. Wien the receptacle body is lifted to its

l.osed position, seat surface 490 of the valve insert 488 engages seating
surface 436 on the | ower end of the upper suo and stops flow.through

| ateral ports 480. The receptacle body is |ifted by tensioning the cable 60
and-lifting the test tool anchored therein while at the sane tine closﬁza
the test tool. Thus all flow through the device is stopped. Differ- ential
pressure qui ckly devel ops across the cLﬁsgd tool and receptacle, generating
upward thrust. This thrust pushes t he eptacle body higner into nore

jt(r)]\t/via?gtfl mﬁq ﬁlggs ou Fé%?gﬂggw a{%a'pgé§g§ \\//vglr\éﬁl aC| g4§a§0£ﬁq%rmye
495 -on t gy Al Y | PEET hnas LQDY%(}tWrcdmfttgeaggigé835atatt Q%éoogd,%npéu?&a'

498. In this manner, t | ower portion o I'S conpress

di spl aci RG SPWard1yt BaBRhG" ERbuLRM d87 [0 £RIFARUIHL! %Qﬁ?ﬁrfgbzt@etzé@wer

end of the upper sub and tO cover the crack at the interface of seal

surf aces i49@ iEpbdéd. ifhosuheakdes e I EhaideEs peopia¥antaAdh ld déanow
easily understood that when the test apparatus is in use, the cable 60 is

t ensi onedurEdud 4 $O owkiche ipadnedd ed Qitpdatdbyt 888 upwardly larfd which
receptacle body to its upper position closing its lateral ports. Thus, both
are cl osds lsngagmaphe nyithe tbablseatting sirfaegldbl of| aweoluppeld fuliiths
into the well tubing 35. To open the test tool, the cable is relaxed
or sl ackedosenehestateppaluwpprtspdo mhan fihe yf%@ePhéCéablb@dn’s is alc:k@ledu

sufficiently because of the weight of the tool
to closed position.

A hollow pin, roll pin, or similar securing means 492 is
disposed in a lateral aperture of tne receptacle body, and its
inward end is engaged in a suitable external recess formed inQ
the valve insert 488. The recess of the insert is wider than
the pin 492, thus permitting a small.amount of longitudinal
movement of the valve insert_relative to shoulder 484 of
receptacle body 408, this shoulder limiting downwardé relative
movement of this insert.

The upper portion of valve insert i88 is enlarged in
outside diameter as at 494, providing a downwardly facing

shoulder 495 spaced slightly above shoulder 487 at the bottom
of counterbore 486. Thus an annular spaée is formed between
the upper end portion of valve insert 488 and the wall of
counte:bo;e 486. Since the valve insert.488 is'movable longi-
‘tudinally, its external shoulder 495 moves toward shoulder 487
of the receptacle body when the valve insert moves downward

relative to the receptacle body.



"s.tring and the |oading of spring 220. The | anding receptacle, however
w Il not open immediately as, the test tool opens if the pressure bene
the test tool exceeds, the pressure thereabove by a consi derable anoun
‘This is because the area sealed by its valve insert 488 and seal 498 is
quite.large, and the |load of spring 412 conbined with the wei ght of the
entjye tool train is insufficient to force the receptacle body to
open position until the differential pressure thereacross is reduced to
about 60- 100 pounds per square inch, depéhﬁﬁng upon the | oad of spring 412,

t he wei ght of theggfé%{%ﬂgtaggzge%n;;oqg&a&d é‘@gt%galgeg 53%{)the sea{ly

498. If the area se y sea uar e i nchés.

cm) and the;hqad (fe SPEANgaf 13%apou g@:p%%%}é@gaaﬁzoénl ggg gyh fa (e

wei ght of the tool train i1s. férent a

pressure at vah&et iifes oped t ter r 0 | I t
w | | approx:’mat e (1450&]} 100), ngés Zgﬁgbgr Sgin;gﬁnérge p{ﬁéggﬁégggl %%ﬁveqb%o fftfea

6.19 kg per teMmiks Blifsed pOPLE 2bh NUsbRR sV AWM 9 USESEAR bellaegurrﬂs&t
the tool is. closed by tensioning the cable. This closes the test tool 24

and al so |i#88 enlyagear ayfici iy bodly £ beecldase drhe iy pEese poeha. of\Wthie algper
flow closed off, well pressure builds, quickly in the well bore below the

packer 37. iuocam&asdupsmﬁﬂowcxmtougagaamg:hhepnumsvaBOe 42hehaelceépmacle

closed. The cable is then slacked to permt the
body is lifted by tensioning the cable 60 and letlng the test

k/; -~ tool anchored therein while at the same time closing the test
tbol. Thus all flow thtough_the device is stopped. Differ-
en:ial pressure gquickly develops across the closed tool and

<:> ~ receptacle, generaciné upward thrust. This thrust pushes the
receptacle body higner into more intimate contact with the
upper sub and'céuses the valve insert 488 to move toward
lihitihg_shoplder 484. ‘As this happens, downﬁardly facing
shoulder 495 on the valve insert is moved toward shoulder 487
at the bot:om of seal 498, In this manner, the loéer portion

U of seal 498 is compreésed, d1solac1ng some of its material
upwardly to engage surface 434 on the lower end of the upper
sub and to cover the crack at the interface of séal surfaces
490 and 436. Thus leakage_thereoetween is prevented.

It is now easily understood that when the test apparatus

is in use, the cable 60 is tepsioﬁed to bqth close the passage
_'tnrougn the test tool and lift the receptacle body to its upper

position closing its lateral ports. Thus, ooth are closed by
tensioning the cable, thus stopping all flow of well fluids

into the well tubing 35.

crid. T mas sadae P e L T



gigght of the tool train and test tool spring to open the test tool.

above t he. packer. Wen the differential pressure acting across the test
tool and packer has been reduced to about 100 pounds. per square inch
(about 7.03 kg per cn?) or less, the weight of the tool train conbined
the | oad of the | anding receptacle spri k§hou|d-open t he bypass, ports

then takes place through the test tool bore only and buil ds pressure

'.h

forcing the receptacle body to its | owernost position. This, wing valve 44
may then be reopefled ¢opeperthid ttestwekbole ftihey cHbdd addi ngelaeme:pta:ﬂi e 22

of Figure 1 ?ggckgg b pam%@n%@,q Wil Qe Qlndd QA agsxj‘%xa, dable

necessari | y l'ocate acker 1 n the manner

some cases, L6 Féachéél ﬁaﬁrfecwmtdaatb@qaw@set&ﬁ tt*‘@ol"%-lﬁé\ﬁeq é*mml Thi s

woul d be trugtwﬂﬁge ahal SthdesioRding t @ &pMaldg hewmg FHY eMiaiing

i nstal | ed packer, ernanent packer, ther i n cases where
is desired tBe?§%98iFheﬁT%ﬂfg'f

it

aBPE fORER t I’ré‘m\fﬁél"lat&&é’n BN’ i on

of the flow tests tudl | epghsg ﬂmetnecIp&ressuﬁdﬁebwéétﬁortﬁwrtéee w1l The

wel | T11ustrgtedehl EnGubeelduaad badiaated 98NS Aldoss it arhlle sl ence

numeral  20b
descri bed heTbFﬁab@v@5ﬂ§Pﬁﬁn¢h%.ﬁﬁﬁ@fﬁéélﬁérmxﬁlt@pﬁsévelanéﬁﬁg 488

receptacle 59@ ls@aat exbaabsyeq&beew@hkgachcs She 1ldbwa Wek! saesh%r 4By be

run on the well tubln and set in the usu panner,. or it may be run and
set separateF? égegr ith the weight o the entire tool “train 1is

insufficient to force the receptacle Dbody to open
position until the differential pressure thereacross is:
reduced to about 60-100 pounds per sguare inch, depending
upon the load of spring 412, the weight of the tool train
and test tool, and the area sealed by the seal 498. If
the area sealed by seal 498 is 6.25 sguare inches (about
40.3 cm2) and the load of spring 412 is 450 pounds (about
204.1 kg) while the weight of the tool train is. 100
pounds (about 45.4 kg), the differential pressure at the
time of opening the lateral ports of the landing
receptacle will approximate (450 + 100), '
_ | 6.25
or 88 pounds per sqguare inch (about 6.19 kg per cm?).

Thus, in operating the test apparatus seen in Figure
9, the tool is closed Dby tensioning  the cable. This
closes the test tool 24 and also lifts the receptacle
"pody to close the bypass ports. With all flow closed off,
well pressure builds quickly in the well bore bélow'the

- packer 37. '
To cause the well to flow again, the wing valve 44
should be closed. The cable is then slacked to permit the
weight of the tool train and test tool spring to open the

©



drillable packers.. The packer may be an existing packer set sonetine
previ ously. The nodified formof bypass | anding receptacle 500 is
LIlustrated in Figure 14. This bypass | andi ng receptacle includes a hous
502 connected into the tubing string 35 as shown. This housing conprises a
mai {1 Hody 504 wi th upper and | ower end pi\gCTes 506 and 508 connected thereto
as Own. The upper end piece is connected to the tubing string 35 Wnile
the | ower end {RscetPlcoftod: hen HRKAS: m%iW‘?‘ﬁg‘?uFHer dSEF ab?Py
connects to paded ey didSbutbdds ppekdure absvecanes fdarked oodien thé, a
packer seal ni r. 1 Li I C d |nse dJingh ck bore
when t he tubi ﬁig“p%ﬁesnﬁlo#grgaglgﬁ?y;plg%%@# ta%é:&\/s’\é’_sl l,’t{lgr 1{.{5}%0&- abeglzridwel I
packer. |nsi depadkethobssndpesmd reduced | &0 omds 108G dPeyndecqer t 8@ra2ra00a
is attached t _g‘\é\g,geg f 1P | gE€e , aRfel S engledihe .
therefromas s %émiﬁ{ T e.it.]pge?gsgljg %a%?’toh‘ggd]égigge ggga%ﬁ?ﬁad@? S. upper
end nodi fied fOkuckr iR ackaBRined t Niéthppsheendosfec®Bostne Nol RBALRY

nmodi fication ifedésgiclsdpriddeskdwIi®, opdie tieaabyisess opot b€ bypsssciagdi ng

recep- tacle 4Q0a is identjcal to device 400 seen.in Fi.qures 9 I si ng

t he device 5033&)? ﬁ%?ﬁ%aijf a?\%‘%Y g?u%g? #Iogv‘\a/rﬂ%\fér (ﬂoys”tqzhiroglu'gar e ggralt -

ni ppl e and/ or vadces c¥4 swdy Sdigen tihe mpém@r{:@nmlemietetwwehhd?©nﬁbow-

housi ng 504. FI U"dsrﬁé‘efbrFé%ffé)ﬂéé\ﬂicié't%'d?f P{glPe'si Ngn@0énk NbPph b8
t-00 not sho as_ wel

| ower end of the test ( i as_into the bypass port's
480, and int o kanding e mbwPER t4R0 uppEr Bigurefenth? oudhet Haeq@sfat by ng
35\Lo the surf@gsated below the packer in the manner before explained.

In some cases, it is desirable to locate the test tool

above the packer. This would be true where it is desired

to test a well having a previously installed packer, such

as a permanent packer, thérein, or in cases where it 1is
(:} desired to remove the landing receptacle from the well
upon completion of the flow tests but leaving the packer
in the weli for furthér use.

‘The well illustrated in Figure 13 and indicated
generally by the reference .numeral 20b is a well
structured much 1like the wells .20 and 20a described
hereinabove but hés_ a modified form of bypass J.anding
receptacle'SOO located above the well'packér 37a. The
well packer may be run on the well tubing and set in the
usual manner, or it may be run and set separately, as are
drillable packers. The packer may be an exis;ing packer

set sometime previously.



.shoul d be understood that when the test tool 24 is in place in either of
bypass | andi ng receptacles 400 or 400a and the test tool is open to
pernmit flow therethrough, the rate of flow through the test ,tool conbined °
with the rate of flow through the lateral flow ports, of the receptacl e~s
preferably at |least equal to the flow capacity of the open bore of the?:b

receptacle without the test tool disposed therein. However, it
shoul d be further understood that the sanme test tool 24 can be wused in
varying sizes, of well tubing. - For yjsgtance, a test tool built for use

in 2 1/2-inch (about 6.35 cn) nominal tubing can be used in |arger sizes
such as, 3-inchThebmofifiéd Eopm DIl/Pypash labdingd.r@repdacbadsodrtisal |y
any larger size. In such cases, the bypass |anding receptacle 400 or 400a
nust be riddidsetapgdehnafygnget Hé colfh &8 bbypass3 lamd imgorndrpacher eabove
while | eaving everything therebelow to fit the test tool 24. The flow
capaci ty isfckudes a2 hepsingwsSier commreedul atPnthesit ubdnes stpingi 36t est he
flom/capagiay of%gmatubing t her eabove, however, the flow ports, could be
made everF?9¥gert Py BRUFLETCOMPE 15851 R BI1Bf bodNe S0 Wi th ipperapRd
the receptacle o . bypass-c¢l osin osition, especially in those cases
wher e th§°ﬁﬁm|ﬁf4x9%9¥gsn§eg P&Fb%ﬂéﬁﬁﬂﬂ?ﬁﬁt?échPSGFé B¢t show. t eThe
tool 24 §e~us d to contral extrenely high flow rates, through these
| at er al %@?F 8 I%ﬁfﬁptéﬁsFSHPﬁﬁﬁﬁgjQ%I%&?né“?ﬁ@gcéﬁﬁéqﬁ in rghiigethe
attaChedlbgth%Jd*Biéégl1sT@8nﬁQE@g% to means S10 which in turn releasw/
ably connects to packer 37a. This means would in most cases be
a locator sub, a packer Seal_nipplé,_ot the like; which would
be inserted in the packer bore when the tubing 35 is lowered
into place in the well, or it could be a well packer.

Inside the housing 504 a modified bypass landing recep-'
tacle 4003 is attached to the lowér end of upper end piece S06
and is suspended therefrom as shown.  The upper sub 404a of the
device 400a has had its upper end modified for sucn attachment
to the upper end piece 506. No other modification is neces- J

sary. Therefore, the remainder of the bypass landing recep-
tacle 400a is identical to device 400 seen in Figures 9-12.

In using the device 500 of Figure 14, well fluids flow
upwardly through the seal nipple and/or locator sub 510,
through lower end piece 508, and into housing 504. Fluids then
flow from the interior of housing 504 into the lower end of the
test tool (not shown) as well as into the bypass ports 480, and

~into the bore 420 of the upper sub, then through the well

tubing 35 to the surface.
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operation and the nethods which can be perfornmed by such apparatusare TN\
exactly as before explained. 50 Further, i.t should be understood th"-
the test tool 24 could, if desired, be run into a well on a slick, singke

strand, flexible, conventional, non-conductor, wire line, in wni ch case a

co vmtlonal sel f - cont ai ned recordl ng pre\ange gage woul d be attached I n
t he ol train either above or below the test tool. In such case,

r ecor ded by the gadd Btiders carALASEARd piheds IMPHNEYe afeEF £172 a7g‘g was
retrieved fromst hey Weldcel ini 2iftberunsier shi@ndgbhest hahdtllmlgougétam@fea '

bypass | andi ng receptacle s I

a well could %Qot 2 g%&; a?u‘?cg %ﬁﬁgma byegggél n?%?gg‘é{&??‘g; Qkﬁ anl%,f g\agr
end of a suit ablerexirwargthavihg |xacte ng:fanﬂlQEalﬂhfgmﬁané}heneFe&h teer i ng
such anchor and ieSaling GRugRe | Bhe! 2 Weldy OfnfolbRX hbe ldtavalsuetbms,

for instance, a conventional single-strand wre |ine, |ockingly

seal ingly eng@garrkf te HRenbPCPR Pﬁéeré@egﬂ%ﬂzﬁ%‘:a{q}i@f?‘éc@?@égy eﬂ"\?& tHR
receptacl e belygwy i §§ohat¢qpﬂgcjﬂyombporﬂse dpen ngoi-be ol khehromsmgptdele

lateral flow parts of the r ta nsi oni he_fl exi to lift
the anchor and*f&¥%Hod% %Fﬁg g e2pt a%f‘gp?fre | osRST 7 I'a?%‘r?a‘ll"}%eo 011Lorts
and shut-in tshowld be efaxthgrthedélreprﬂe thate thrl apwei fgsthdaodt

flow ports, releasing the ancnpr SIOVe{fed t $£ OMdINE TEGSh taoﬂv@r and
recordi ng wel " pressures bel ow t he vve{ Eacker duri,ng bot}12the s% -| N and

the flow ng pdmst@nces Q:O‘Eﬁ%fe tool bu:.l for use in inch
(O 6.35 cm) nominal tubing can be used in larger sizes such

as 3-inch (about 7.62 cm), 3 1/2-inch (about 8.89 cm),

and virtually any'larger size. In such cases, the bypass

landing receptacle 400 or 400a must Dbe modified by

enlarging the counterbore 483 and everything thereabove
(:)' | while leaving everything therebelow to fit the test tool
24. The flow capacity of the lateral flow ports 480
should in most cases approximate the flow capacity of the
tubing thereabove, however, the flow ports could be made
even larger to decrease' the tendency of the flow to
actuate the receptacle to Dbypass-closing position,
especially in those cases where the tubing bore is_ much
1argér than the receptacle bore. The test tool 24 can be
used to control extremely high flow rates through these
lateral ports simply by tensioning and relaxing the cable
or wire 1line attached to the test tool. The entire
operation and the methods which can be performed by such
apparatus are exactly as before explained.



QZE&L t he anchor includes no neans for equalizing pressures there:- across, it
Woul d De necessary to equalize such pressures by pressuri zing the well
-t ubi ng above the ancnor as by injecting fluids thereinto at the surface
until the spring on the recep- tacle plus the weight of the tool string—~._
coul-d nmove the anchor down and open the lateral flow ports. It is also\J
under st andabl e that instead of using a conven- tional single-strand wire.
line and a recordi ng pressure gauge, afﬁzpductor line could be used with

signaling sensor neans in the tool trai™as before explained but with
sui t abl e anchor Foeahe rendageshdul dinble ebhdetsveby phaggitrge thes € ecepllaclse
‘to performtesting operations as just explained. O course, in such case,

t he ancharowbdil di bedpsaviedad be tium fhow paseddeway & &l icndusingevel |
fluid pressure fromtherebelow to the sensor neans in the tool string

t her eabovatramds, filexidlegecanvant ionak, t nonreondnce 1 Uusti veeskinbedinan
ancnor suspended on a flexible line and | ocked in the receptacle was used
to close WHeED| ERESI af FORVERGIONAL ($R1 2E€RPFALNEIFRAFAINT RELFEVEENSI Ng
means, either the_recording pressure gauge or the signaling sensor neans,

was asso@2HLAVIRLR PRe2tt@fded Gin (ER9 EPRY RERANpLALHRTte aRIVAY PRePEACNOr

during the shut-in and flgow n eriods of the testing operation. Thus, it
has been YHovke$hatCPhpr o¥&d S?Jfg& CRifar athe ﬁﬁ%abééﬁgﬁt‘jﬁ\ﬂ R¥; thha¥286ch

LSt SRR 8 FRPRER Ao AR BRET: AL Bl RSl e
retrieved from the well. C |
It is now understandapble that thrdugh usé of -a bypass
landing receptacle such as the bypass landing receptacle 400 or
500, a well could be tested by attacning a reéording pressure<:>
gauge to the lower end of a suitable ancnor having locking and
sealing means tnereon, lowering such anchor and pressure gauge
into the well on a flexible line, such as, for instance, a
conventional single-strand wire line, lockingly and sealingly
. engaging the ancnof_in the receptacle to effec:ively plug the
receptacle below its lateral flow ports, flowing the well e
througnh the lateral flow ports of the receptacle, tensioning
the flexible line to lift the anchor and main body of the
receptacle to close the 13terai flow pofts and shut-in the
well, relaxing the flexible line and opening the lateral flow
ports, releasing the ancnor and removing it from the recep-
tacle, and recording ;ell preséures below the well packer
during both the shut-in and the flowing periods. Of course,

if the anchor includes no means for equalizing pressures there-

across, it would pe necessary to equalize such pressures by



‘nerely by tensioning and rel axing the cable by which it is | owered i nEdBN: °
the well; that, because of the ability to open and close the well in su
manner, various test nmethods can be carried out; that the test .apparatu

can be opened and cl osed any nunber of cycles; that atter a preset nunber
of ,cxcles, the test tool will automatically release fromthe receptacle,

ei ®oer for wthdrawal fromthe well or for imediate re-installation in the
receptacle for further cycling; and that f\ans are provided to minimze the
settling of sand, debris, or the |like, about the test tool which m ght nake
it difficul PiedDpetaiRIoFbEoWRILLhGURA TS AhAYR tRecPBRERPE. ast biYs IFADRANS
that while tﬁgﬁl st_tool 24 and the |and receptacles 400 and 400a are
opened by t & NP ERBIRFEXREI ED6 S thRF el bskRe WARF iPfe on Shopcecer-

i [ I o t | d b t t t k in th | t

1" Gesi roa. CRE'S STEYB: P HSRFRE: Bin TR St TURYDY TRBLENDBNE G s
desi § ) A RELPdBHEs G art?

and arrangorn e neh' Yhe (pkerd1C A BEERUTTI0 The 111 ustrat d

construction, nayégf‘ﬂgdglgﬁtphgfkgﬁéﬂag§i(ﬁtﬁJEBf“%?g?ﬁggg!agqidmg Mo

departing fromth rue . spiri he 1 nvention. met ho

testing a wehbnAVidihs RSl BOrhREr Gike aind G W AEEHEd PR f Braked rePRAdeE,
an earth formation '
a conductor line could be used with signaling sensor means in
'\gj the ;ool train as before explained but with suitable anchor
means engaged in and effectively plugéing'the receptaﬁle, to
perform testing operations as just explained. Of course, in
such case, the anchor would be provided with a flow passageway
C:}_  for conducting well fluid pressure from therebelow to the
sensor means in the tool stfing thereabove.

Thus, it 1s seen that in the two instances just
described, an ancnor suspended on a flexible line and locxed
in tne“receptécle was used to close the lateral flow ports of
£he recepta;le andnthat pressure sensing means, either the
recording pressure gauge or the signaling sensor means, was
éssociated w;th the anchor for recording well pressure below
ﬁhé ancﬁor dhring the shut-in and flowing petiods of the
testing operation.

Thus, it has been shown that improved test apparatus
has been provided:; that such test apparatus is capable of
closing and opening the well at a location near the casing

perforations; that the apparatus can be opened and closed

merely by tensioning and relaxing the cable by which it is



1} tubing into the well, said well tubing including a well packer and a
~andi ng receptacle, said | anding receptacle having lateral flow ports
conmmuni cating the interior of the well tubing with the exterior thereof
bel ow said well packer; b. setting sai d wel | packer ~ above yd
casing perforations; c. | oweri ng anchor neans into said well tubing on a
flexible line and anchoring said anchoSB means in said receptacle; d.
flowing the well; e. tensioning sai lexible line to actuate said
| andi ng r doeered dnte ctoseweld:| dhatal Hdaaugores thesabpliikyi ¢td lapen
through said | anding receptacle; f. rel axi ng tension on said
flexi bl e angi fdosenckng eselli 2Pn§USH dhanidr it (A NtPwHovess aine thadd mpn
receptacle to open said lateral flow ports; and g. rel easing said
anchor nB8&nfarfigd a4ty thahdrRg testHRRRAT akis readvpPagoPenedodnce
wel | . 2. The erein said _landing rec le is

hod f ' 1,
| ocat ed bEFS e?aﬁ?k&h*“ék&ké%?égklesfhgmﬂﬁﬂqﬁﬁfrcﬁ ptfﬁ?ﬁ1g5?°e%ﬁ%ﬁgin
id | andij tacle is,| t b id | ker wi.th_t | at |
row por 1 SVPHsRRotHe 1t creBhntiiliaaiematirabhy LEe e "5FomdR bl g
bel i d. | . : d_of ,Cdai 3 ' id
Prexibro Frosprald¥icieither 20F FRENAR Rl AAdh if etd'cSECBS: “hans
s a sejfneqlhrieNed- {0l f180ioR" §RSYhe Rftacle for further U

cycling; and that means are provided to minimize the settling

é§§§§_be tested, said nethod including the steps of: a. | owering a string of

of sand, debris, or the like, about the test tool which might
make it difficult to operate or to withdraw frém the receptacle.
It is obvious that while the test tool 24 and the landx:)
receptacles 400 and 400a are opened by ténsioning'the flexible
line and are closed when the flexible line is relaxed, ﬁhey
could be constructed to work in the opposite manner, if desired.
The foreg%ing description and drawings of the invention
are explanatory and illustrative only, and various changes in
sizes, shapes, and arrangement of paf:s;'as well as certain \~?
details of the illustrated construction, may be made within the
scope of the appended claims without departing from the true

spirit of the invention.



" attached bel ow said anchor means, and said anchor neans plugs said | angh n* .
receptacle below said |ateral flow ports. 11111111 111111 11111111111

5. The method of Claim2 or 3, wherein said flexible line is a condd
cabl e and sai d sensor senses well pressure below said well packer and
trafisyits signals to recording and/or readout equipnent at the surface

t hrdgh said conductor line. 6. A et ho testing a well having casing
therein, said casing being perforated opposSie an earth formation to be
tested, said metiadgesi ncl uding the steps of: a. | owering a string of wel |

tubing into thg well, melfher ﬁ%&“BE”Qe qﬁ¢%déngefi ﬂg%* pagkgn, gb%BQ

| andi ng receptacl e ow, sal ing receptac &d being en
| ower end and Isaiidngasdng d}emtpmmatedeappgsate ans eakth borma%mmi ng

sai d packer abeyepaivéshed, Ors.fi;tl'do'?r%t:"l”!ctd1 tdlﬂd:.ﬁtrﬁj aéhé)oééeé@w of said
I andi ng receptacle at or near said perforations; | owering a test tool

assenbly into @ai d WOWeTHRNG Ry SHF B Sfdutaidr fd’atblrtg aftf AndMorYebt « hta xdme

in said landing reeant agl®ing SﬁbdudthSta wéDD| packsrendhd ianclawdigg
sensor means for sensing well press gs gﬂd/or te s...and f t est
esf? %@5

tool connected ther 552 %ai IRt 88 9o %{lﬁgl%l a4 3%ure

to said sensor neanihmwe@¢rt$n69mm9ancatln9 the interior of the well
* tubing with the exterior thereof below said well

packer;
/ : b. setting said well packer above said casing
perforations: ' ' '
c. lowering anchor means into said well tubing on a

flexible line and anchoring said anchoring means in
_ said receptacle:
Q;) d. flowing the well;

e.  tensioning said flexible 1line to actuate said
‘landing receptacle to close its lateral flow ports
to stop fluid flow through said landing receptacle:

f. relaxing tension on said flexible line and
pressurizing said well tubing above said 1landing
receptacle to open'said lateral flow ports; and

'g. releasing said anchor means from said landing
receptacle and removing it from the well.

2. The method of Claim 1, wherein said 1landing

‘'receptacle is located below said well packer,

3. The method of Claim 1, wherein said 1landing

receptacle is located above said well packer with the

" lateral flow ports thereof in fluid communication with

the exterior of the tubing below said well packer.
4, The method of Clai@ 2 or 3, wherein said flexible
line is a conventional wire line and:said pressure sensor
means is a self-contained recording pressure gauge
attached below said anchor means, and said anchor means
plugs said landing receptacle below said lateral flow
ports. |
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A;;b tool having a fl ow passage therethrough and val ve neans controlling

OV t her et hrough, said valve being novable between open and closed
posi tions responsive to tensioning and rel axi ng said cable; d, tensi oning 3
said cable to close said test tool and bypass ports and all ow ng wel l
pressure to build up bel ow t he packer; e. rel axi ng tension on the cable

to open the test tool to first equallzefﬁLsture thereacross and to open

the | ateral Qorts of the receg%aole and. fl ow ng the we 55 f.

subsequent | y2 *r el A8 MEtHIL OfeSdimyof °Fr03m ‘t’h%r?éﬂdlsﬁg‘dr e@e?J’E%RJr% and
Wi t hdrawi ng Lheet eis¥ &o@ormBssydrd ychbae tdrel wehlid. gensoﬂheeﬁebbodwil

Claim 6 whe p r Pe2 b r t hdr.aw n e test
t ool assenbl g}gfrggﬁ% %eqolg’n%%da &el%le ﬁE%)EOd % Sd%glyr% E’qtserse A dQest
tool is-provededdinghanddlermrsasont EquiRmend iatalthe |sukéacmi thtewght ool
in said Iandgggdrggggh@fgb@ 4YRea . said test tool being inserted therein. 9.
The nethod of G aim8 'wherein said | ock rmeans of said test tool will

automatical | §-rel éaé‘@tfbr‘?ﬁn Qfj Festidon P r ¥edpt NABIRheF28ARG QT BI  has
been opened gAdldclkasgtga LY iedL! e Mok s1INGPpositei BAS earth formation

to be tested, said method including the steps of:

a. lowering a string of well tubing into the well, said
‘tubing including a well packer and a landing
receptacle therebelow, said landing receptacle being ‘\J.
open at its lower end and having lateral port means.
intermediate its ends:

b. setting said packer above said perforations with the
lateral port means of said landing receptacle at or
near said perforations: C:)

c. lowering a test tool assembly into said well tubing
on a conductor cable and anchoring the same in said
landing receptacle, said  test tool assembly
including sensor means for sensing well pressures
and/or temperatures, and a test tool connected
therebelow, ' said @ test tool communicating well
pressure to said sensor means at all times, said
test tool having a flow passage fherethrough and
valve means controlling flow therethrough, said
valve Dbeing movable between open and closed
positions responsive to tensioning and relaxing said
cable;

d. tensioning said cable to close said test tool and
bypass ports and allow1ng well pressure to ‘build up
'below the packer: |

e. relaxing tension on the cablé to open the test tool
to first equalize pressure thereacross and to open
the lateral ports of the receptacle and flowing the
well; and

AR g



10. The nethod of Caim?7 wherein said test tool upon automatically

rel easing fromsaid | anding receptacle is reinstalled therein for fufth
testing of the well 'before withdrawing the test tool assenbly fromitf®
well. 11. A method of testing a well having casing therein, said cas\ng

belperfo_rated opposite an earth.formatég to be tested, there being a
pachef set in the casing above the perfor ons and having a bore

theret hrough, gai ddg@!g%u? gdl pgh§sm \gﬁgl NGe3tSt Iidyy of el | i g

into the well,” sai i nc neans_ adj acent its Iovver end
for sealingly engagl%@d%% |rrRQ§R1‘=a’!°]ﬁal Pnéf ‘Shﬂéﬂ‘ﬁ%‘%k’ég Hte &R8ta B9Phss

| andi ng receptacl e 209¥fo sl BroRathdBREEL . sal d receptacle rreans haV| ng
| at eral bypass

port whi ch.c e th re qf the mell n below
sai d recept acl & wi t ¢ h&@4 R E gﬁ'ag‘gﬁ dgr A0 P 9 d‘lﬁn% sar g
string of wel Irépldmugdl betEbee\Am:Jthﬂrtalwmlqe '@'Beal ‘sea'dj sooht as&ﬂhﬁ%rfm
sealingly_engagf ihe bore of said packer; c. | onering a test tool
into said well ublng on a conductor cable or wire line and anchorlng
the sane in sa@d | aBEe ngreatdespt af| €ladam 96t etherst RaA¥ENgEeSE | ROL phSsage

tgg;:tgrough dp@@flldedgh!% 1mn§T§a1{Hr@hiwgaufththbmugh 18] sdfiow
Sa
] g | val ve el n Viﬁpﬁ bet ween open and é)SteSfPO§I tiOﬂS

responsive to Y%ﬁ%lﬁﬂ?ﬁglanaaﬁ §Pgairgeeptacie upon sai
being inserted therein.

L 9. The method of Claim 8 ‘wherein said lock means of
said test tool will automatically release from said
-1énding receptacle when said test tool has been opened
and closed a predetermined number cf times.
10. The method of Claim 7 wherein said test tool upon

(:) automatically releasing from said landing receptacle is
re-installed therein for further testing of the well
before withdrawing the test tool assembly from the well.
11. A method of testing a well having casing therein,
"said casing being perforated opposite an earth formation
to be tested, there being a packer set in the casing
above the perforations and having a bore therethrough,

_ said method ‘including: '

U a.  lowering a strlng of well tublng into the well, said
well tubing 1nclud1ng seal means adjacent its lower
end for sealingly engaging the internal wall of said
packer bore and a bypass landing receptacle above
said seal means, = said receptacle means having
lateral bypass ports which communicate the bore of
the well tubing below said receptacle with the

. interior of said receptacle; '
b. landing said striné of well tubing in the well with
the seals adjacént its lower end sealingly engaged
- in "the bore of said packer; ,
c. lowering a test tool into said well tubing on a

* [o L M S *



@'e or wire line; d. tensioning said wire line or cable to close said
t“tool and said | ateral bypass ports of said bypass receptacle and
all owi ng pressure to build up bel ow sai d packer; e. rel axing said cable
or wire line to open said test tool to first substantially equalize .
pressures thereacross and to open said Igj_gral bypass ports of said bypgs
| andi ng receptacle and flow ng the well; and f. rel easi ng said test
from sai d bypass Fandugdgorecasleciar amrw 1 hele arhdg aniehordsyg tthe $amen sai d

wel I tubing. 12. jEhgayet Nethdiind d r%éaaﬂtwresalét ea§td t%Ci eh ﬁ}%e
before wi thdrawi ng the test tool asse fromthe wel e
Claim 11 wherein $3PY tef2SS3He i s W}Eh I BEF@S né’éﬂé’%hl cheans

to

eated
od of

automatical |y | ockengzodliagt E6k Iifhﬁ@h@ﬂ asliang frlweppaslseguponséﬁad
test tool being inserted therein. 14. The gg%hod of Claim1ll wher

| ock neans of sai d2t&St tootR%i | POYIPhTat i

aid

F§SPel S £ r 8BCsai ?%?1 i ng

recept acl e when sppditdenst malspmtalb@ertoommmiamdngzlamiackenqxﬂd@tmm ned
nunber of times. 13y; hgfr’rg,tllggd f CI aim 14 wherein said test tool upon

automatically releasin

therein for

t her ei n,

rom sai andln ~receptacle is re-installed

furt hénenﬁé@mﬁg ofaifie Wixle béner ©n\ FABLEW ¥R cheseessaidol
assenbly fromthegwskl .td61 Anet Baddof1d€std N0 wypdd Ravied 68si&Wia

bypass receptacle and allowing pressure to build up
below said packer: S

e. relaxing said cable or wire line to open said test
tool to first substantially equalize pressures
thereacross and to open said lateral bypass ports of
said bypass landing receptacle and flowing the well;
and _ ' _

f.' releasing said test tool from said bypass 1landing
feceptacle and withdrawing the test tool from said
well tubing.

12. The method of Claim 11 wherein steps d and e are

repeated before withdrawing the test tool assembly from

the well. :

13. The method of Claim 11 wherein said test tool is

provided with locks means which automatically locks said

test tool in said landing receptacle upon said test tool
being inserted therein.

' 14. The method of Claim 11 wherein said lock means of

said test tool will automatically release from said
landing receptaéle when said test tool has been opened
and closed a predetermined number of times.

15. The method of Claim 14 wherein said test tool upon
automatically releasing from said landing receptacle ig
re-installed ‘therein for further testing of the well
béfore withdrawin§ the test tool assembly from the well.
16. A method of testing a well having casing therein,

U O
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sai d casing being perforated opposite an earth formation to be tested,
nmet hod i ncluding the steps of: a. | oweeingaa string of well tubing iy

the well, said well

and a bypass | andi ng receptacl e above said packer, said receptacle haw

| atral port neans,

havi™mg its upper end cl osed above said | a&ey al

| ower end attached

said well PAtReFasingoPeindsRSF LoratAhPRROT bE ppn&argh fq%a% a

tubi ng-i ncluding a well packer adjacent its | ower

said | andi ng receptacl e being surrounded by a housing
port nmeans and having its
to the upper end of said well packer; b. setting

test tool asseodl yei B&St&al, dsuell metihiodg 1Qﬂeladf1|n§XItlh|ee sdtieps @EE anchoring

It in said |anding
t her et hr ough And

LRRFELRR S aRPals R Ll sV RirE i i IR i dsea

positions responsi veeld ttarksirgni ngcandmgl axi mpeldai gatkexi badjacent sdig
bypass | anding rece e % a | [ Wdaig
crgsable I n rgsponsg&?%ktgﬁgléﬁang B%BQESDQBEdQEg 5% ? %%Qﬂiﬂb %%

rel axi ng

said test tool is aﬂéﬁb?éd|ﬁ¢¥%ﬂ€?¢%@%§?h€lbavdn9 k%#ﬁﬁ%hlﬁgr§mmfanso

flexible line to csese 3ahdihgsSt Aptid hepdaigr agupeahnaeansuyf i d

receptacl e and allomnggagressure to bUI|d up bel o

rel axi ng tensi on on8
‘reduce pressures theaeaﬁamspoaadmeahseauanhhymgeritsalld»dea‘t@rrai Jrrdchehns

as

_L/I bo
C.

) do

o
e.
£.
17.

d
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to the upper end of said well packer;

setting said well packer above said casing
perforations;

lowering a test tool assembly into said well tubing
on a flexible line and anchoring it in said landing
receptacle, said test tool having a flow passage
therethrough and including valve means movable
between open and closed positions responsive to
tensioning and relaxing said flexible 1line, said
bypass landing receptacle having lateral port means
also opening and closable in response to tensioning
and relaxing said flexible line when said test tool
is anchored in said receptacle;

tensioning said flexible 1line to close said test
tool and the lateral porf means of said receptacle
and allowing pressure to build up below said packer;
relaxing tension on said flexible line to open said
test tool to first reduce pressures thereacross and
subsequently open said lateral port means as
pressures thereacross approach equalization, and
flowing the well; and

releasing the test tool from the landing receptacle
and w1thdraw1ng it from the well.

The method of Claim 16 wherein steps 4 and e are

repeated before withdrawing the test tool assembly from
the well. '

W




B5.€ Lures thereacross approach equalization, and flowing the well; and f.
rekepsi ng the test tool fromthe.kandi ng receptacle and withdrawing it from

e“wel | . 17. The nethod of O aim 16 wherein steps d and e are repeated h
before withdrawi ng the test tool assenbly fromthe well. 18. The neth d
of Claim 16 wherein said test tool is provided with | ock neans which <i;a
automatically locks said test tool in s&% | anding receptacle upon said
test tool being inserted therein. 19. The nethod of O aim 16 wherein said
| ock neans ofl&ai Fhespethed @f | ChaiBndi cdheyein| &aid f kRt sdiaP) addi ng

receptacl e Wiaibwiaied t@stnt Qabkha@abﬁemwedu%dxa@l@%e.dya Ps&elet gaaned
nunber of ti rein sa t ool Qon

i est
Bt ot | cal | 9 CRhl RISt aRRANE, AYCPBEARLAIPI $id nteat | a9
therein for befimg hisrsertest ithprein. the well before wi thdrawing the test

tool assenbl ﬁg.rO@ﬁéqemwllxéd of Claim 16 wherein said lock means of
said test tool will automatically release from said
landing receptacle when said test tool has been opened
and closed a predetermined number of times.
20. The method of Claim 19 wherein said test tool upon
automatically releasing from said landing receptacle is
re~installed therein for further +testing of the well o
before withdrawing the test tool assembly from the well.
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