"WELL TEST APPARATUS AND METHODS This invention relates to flow testing
well's and nore particularly to test tools which are run on a flexible I/i pe
,and are operable thereby fromthe surface fo shut-iin a well and to ope F}
up at a subsurface deptn, especially at ‘a | ocation just aoove tne for
being tested. Until a few years ago, downhole well data were generally’
.obtained by |owering a bottom hole pressure gage into a well on a wire line
after the well had been closed in at the surface for maybe 28‘€U3?Z\ urs.
The gage usually carried a nmaxi num recoﬁd’ng t her nonet er. T% ‘gége

| owered to a location a predetermnned distance bel ow sea |evel, usually at
or near the casing perforations. The gage Was usuall S s-ended at this
depth a few ninutes while ¥BkD = 3 AND M ord the fornmation
pressure and tenperature. The mell was then placed on production at a-
predeterm ned rate of flow to obtain recordings of the draw down
characteristics of the well. The -2 - 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 liquids would settle on bottom and the gas woul d col | ect

t her eabove, introducing uncertainties into the data obtai ned and cl oudi ng

ti

" ' This invention relates to flow testing of wells and more
particularly to test tools which are run on a flexible line and
are operéble thereby from the surface to shut-in a well ané to

. open it up at a subsurface depth, especially at a location ijust

apove the formation being tested.
Until a few years ago, downhole wel} data were generally
obtained by lowefing a bottom hole pressure gage into a well on
U "a wire line after the well had been closed in at the surface

for maybe 48,to'72 hobrs;- The gage uSually carried a maximum-
recording_thérmometerQ The gage wés lowered to a location a <
predetermined distaﬂce belcw sea level, usually at or near the
casing perforations. The gage was usﬁally suspended at this
depth a few minutes while the well remainea'shut-in td record -
the formation pressure‘and.temﬁerature. The well was then

placed on production at a predetermxned rate of flow to obtaln

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



-

the formation's charasteristics. It becane desirable to have the ability to
open and close the well at a point as near the perforations or reservoir as
bl e and thus avoid the need tp build up and drawdown.the great volunme
d\ hej ght repre- sented %y the well *bore or well tubi\ng exterdi ng nmany

saphds of feet fromthe reservoir to the surface. Further it was
' le to run a test tool including sensor nmeans on a conductor cable
able to control the downhole openjng and closing means fromthe
e, and to record and display at the surface and in real tine the;;)
ole data as they were_sensed by the test tool. The applicants are _
fam | i ar Aditeh HWE R talnag persr thaemealprtednhy Keseryois kechnicipos
the well testing prob)ens as rel%tes to the present invention. - -3-
Re. 31,3180 aid them /ip,8heys effort to 4?%&’13092?'873, @fgurately the
4, 069, 865 4,286 ?61 3,2%%,531 4,134, 452
4,373, 588%%eRtg Fhppe, volume, apgd contents of the,5gsX¥oinw2, 070
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publishegifyds in the well tubing. During shut-in periods liquids

would settle on bottom and the gas would collect thereabove, U
introducing uncert;inties into the data bbtained and clouding
the formation's charasteiistics. It became desirable to have
the ébility to 6pen'and close_the well at a poin; as near the
perforations or teserVoir as possible and thus avoid the need "/
to build up and draw down tne great volume and height repre- |
sented 5y the well bore or well tubing extending many thousands
of feet from thé reservoir to the surface. Further it was
desirable to run a test tool including sensor means on a
cénductor cable and be able to controllthe downhble opening ;)
and closing means from the surface, and to recérd and display :
at the sutface'ahd 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 bearing upon the well testing

Problems as relates to the present invention.



"WORLD O L magazine. U S. Patent 4,134,452, issued to CGeorge F. Kingel
January 16, 1979; U. S. Patent 4,149,593, issued to Inte |. Gazda, et ¢
on April 17, 1979; U S. Patent 4,159,643, issued to Fred E. Watkins o
*July 3, 1979; U S. Patent ‘4,286,661, i-ssued on Septenber 1, 1981 to IX
|. Gazda; U. S. Patent 4,373,583, issued February 15, 1983 to Flem ng 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

i ssyed on June 23 1981; and patent 4,2783%#30, issued July 14, 1981 to’

Robert T. Evans, ggt 33l ,338 | disclosg b@@.jggﬂs whi ch qamj@ai%@ on a wire
| i ne or cable and used to open and cl'ose ‘a wel I..at a downhol’e Tocation by

pul ling up or 2;473sl@acki ng of f og,lohke Mg |ine or gablgy yeihich these
test tools are lowered into. the well. In each of the above ‘cases, a

receptacl e devicsg,pgsf,igzt run on agying,l4see . and anchqrgdy;sgglandlng
ni pple, then a probe 'i'’ke device is run and latched into the recept acl e.

Patent 4, 134, 4523p4Qqei, @ only a tigy1f4lsggmssage t heggylaioguody openabl e
and cl osabl e by tensioning and-rel axi ng the conductor cable for . equalizing

pressures across3tbe2,oqo Patent 4414%885%33 s an i npréydasni8sgRer the
devi ce of patent 4,134,452 and provides a much greater flow capacity as
wel | as a | ocki nglsoh wheyh apekfamtid iaaolwiitth tahcbrechprecpablished by
tenacity sonmewhat proportional to the differential pressure acting the
reacross. Flopetrol-Johnston covering their MUST Universal DST device,

Applicants are further familiér with an éditorial comment
‘published in WORLD OIL.magazine,.bage 21, October 1983 Edition,

In addition, they ére familiar with the landing nipple
illustrated on pages 506 and 507 of the Composite Catalog of
OilIField Equipment and Seivices, 1970-71 Edition, published by
WORLD OIL magazine.

U. s. Patent-4,134,4$2, issued.to George F. Kingelin on
January 16, 1979; U. S. Patent 4,149,593, issued to Imre I.
Gazda, et al, on April 17, 1979; U. S. Pétent 4,159,643, issued
N to Fred E. Watkins on dglyl3,.1979; U. S. Patent 4,286,661,
issued on Septgmber 1, 1981 to Imre I. Gazda; U. S. Patent
4,373,583, issued February 1s, 1963'to Fleming A. Waters; U. S.
Patent Re. 31,313 issued July 19,1983 to Jobn V. Predd and
Phillip S. Sizer, on reissue of theig'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 which may be run oh a wire lihe or cable and used to open

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



Pat ent 4,286,661 is a division of Patent 4,149,593, just discussed, and

di scl oses an equalizing valve for equalizing pressures across the device

di scl osed in patent 4,149,593. Patent 4,159,643 discloses a device simlar
Ay, t hose mentioned above and has a relatively small fliQw capacity. This

oMl has lateral inlet ports which are closed by tensioning the conductor

N e. - Patent 4,373,583 discloses a test tool simlar to those just

ussed. It carries a self-contained recording pressure gage suspended
Omits lower end and therefore sends Aé-well data to the surface during;
the testing of a well. This tool, . therefore, may be run on a e
conventi gnacMing éffeohather Wit Pisendrctabllel By WwHi {lrﬁeggqv_gr S no
electrical energy for its operation. Patent Re. 317313 discloses a dévi ce
sinmlar toolmtamé pawepedsidkd Fie iwelbat ITh kagH dfertte i MbSFePhles, a
whi ch are opened and cl osed by noving a probe up or down through ten-

si oni ng cecegdtache dbeicerdd ifirst rahl enoa whireh liiind an®VE@hE8HorBHO it&
well. The MUST Drill Stem Test Tool of Flopetrol-Johnston disclosed in the
br ochur e lamdtirhetiphbee &hén @ [grobe+like deblicehdd imun\Gid LhtchRedazi ne
provi des a non-retrievabl e val ve opened and cl osed fromthe surface by

t ensi oni Agteandhe| zateptegdeconduct or cabl e connected to the probe-like
tocl latched into the valve. Even with the valve open and the well
produci ng, no fAakentkéslpladd2 mranidescopiybe. tiny ffllow massaget war d

t hrough the side of the valve into a bypass - o
therethrough openable and closable by tensioning and relaxing

the conductor cable for equalizihg pressures across the tool. ./
Pateht'4,149,593 is an improvement over the device of
patent 4,134,452 and prbvides a much greater flow capacity as

"well as a locking sub which locks the tool in the receptacle

with a ténacity somewhat proporéionél to ghe differential -~/
pressure acting thereacross. | |

Patent 4,286,661 is a division of Pétent 4,149,593, just
discussed, and discloses an equaiizing vélve for equalizing
pressures across the device disciosed in patent 4,149,593,

Patent 4,159,643 discloses a device similar to thosé U
mentioned above and has a rélatively small flow capacity. This
tool has lateral inlet porﬁs which are closed by tensioning ﬁhe
conductor cable. o

Patent 4,373,583 discloses a'tést tool similar to those
just discussed. It carries a seif-cohtained reco:diné pressure
gage suspénaed from its Idwer énd and_therefé:e sends no well

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



bassage which then enpties back into the tubing at a | ocation near but
sonmewhat bel ow t he upper end of the probe. The device provides |arge or
‘unrestricted" flow capacity. The probe automatically rel eases when a
predet erm ned nunber (up to twelve) of open-close cycles have been

" perfornmed. U. S. Patent 4,426,882 which issued to Neal G Skinner on
January 24, 1984 discloses a simlar test tool which senses downhol e
conditions and sends electrical signals to the surface, but the valve. for
pernmitting or preventing fluid flow theregthrough is not controlled by
t ensohi ng and rel axi ng - 6 - the cable by which the tool is |owered .
into the Adiereferes @éﬁtPGHR&P1Qﬂnﬂt¢RP%ﬁ$¥&€§a5yWéF6cﬂﬂm@mr§ﬁﬁ§% than a
control ling a downhol e val ve actuator whjch includes a solenoid. U _S.
Patent 2, PRBIALOF s34BE t §1NCen 1l I 1ERS VAP cRLIBOL L1094 egergy HiRknits
3,208,531, issued to J. W Tanplen on Septenber 28, 1965; U. S. Patent
4,043, 3920R8APRo Inte |. Gazda on August 23, 1977; and U S. Patent

r:aé‘_ﬁiz’nS?S;el i 3??#%9%% ﬁ'lfe'@%etcl” HATEHS Broghics 838 0RF Soanyel”
el | BT P g SO TANARRE o QhF nie BEERTERTeL  Befte U g A £8'

desired | QRIaN 10a2ch BAUENSY SREAAS'S L0bob bp! BEF BRI TSPk on-

expanded a | ock Fécess Sel ective systemI
0 poes A g SEELER il YW gt all o Lot bR SR crecRp! a6 oo
o lowered into the well. '
W

The MUST Drill Stem Test Tool of Flopetrol-Johnston
disclosed in the brochure mentioned above and in the article
published in WORLD OIL magazine provides a non-retrievable

L;j valve opened and closed from the surface by tensioning and
reiaxing tne conductor cable connectec to the probe-like tocl
iatched into tne valve. Even with the valve open and the well
producing, no flow takes piace through the probe. All.flow
moves outward through the side of the valve into a bypass
passage_which then empties back into the.tubing at a location
near but somewhat below the upper end of the probe. The device
provides large or "unrestricted"™ flow capacity. The probe
aptomatically'releases_when a predetermined number {(up to
twelve) of open-close cycles have been performed.

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

flow therethrough is not controlled by tensioning and relaxing



device is then provided'mdth a selected set of l|ocator keys to cause the
device to stop at the preselected receptacle. Patent 3,208,531 discloses a
| qcking devi ce which uses keys profiled simlarly to the keys of patent

392 di scl oses a | ocking device and a selective |ocating system

or. This sytemutilizes a profiled key only for |locating the device,
s done in the case of patent 2,673,614. Tne various keys vary slightly
profile, but each key and | anding receptacle in the system provi des
two oppositely facing abrupt stop shoulders. U S. Patent 3,419,075 issUed
t o Nor mathé&. cBbden bon wReicembene 3t001968 diad Dadsinppatheuyelldyimit kby
means with an abrupt stop shoul der engageable with a correspondi ng stop
shoul dercentenRd 1gs |frf%v¢l@@naer€,acsngw@h%ctfmcabtmaansngomqu oa

di sengage them from_such stop shoul der to enable the tool ;to be noved

t her epas@ov¥phpRe Walve mglepatar 4vhigho ISR ®s2 aSPLBRPAYG <devi ce havi ng

separate pivoted | ocking dogs, e _l.ooki,ng up, and t he_ ot her _|.ooki ng down,

engaged betmeeHjaspmgéé%“%piaﬁggyséﬁd(i%%ﬂéhcﬁ? FachngMadilgs: amdtatehs

(0,4 0ok A8, 154caron It toter § Spetauivar sl spl ooty Bugh ek o

pages. sORCRRERESY. 28 Aol H-dneans § SR IE i FRASR ko BRA S T et

al on DecelBE" oh3aubiit 4 5C1995F AnOU. WOWaEiPe2894597058!, issued to
D. V. Chenoweth on October 14, 1969 disclose means for_locking U
well tools in a well flow conductor..

Patent 2,673,614 shows keys having one abrupt shoulder
engageable with a corresponding abrupt shoulder in a well for _
locating or stopping & locking device in a well at the deSired\/
location in a landing receptacle for its locking dogs to be
expanded into a lock recess of the feceptacle. A selective
system is disclosed wherein a series of siﬁilar but slightly
different receptacles are placed in a tuping string. A locking
device is then_provided Qitn a selected éet of locator keys to k,)
cause the device to stop at the:?resélected_teééptacle.

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 iocking 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

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



‘slot and pin arrangenment for controlling |ongitudinal novement of one
menber relative to another nenber tel escoped thereinto. The present
Jjnvention overcones nmany of the problens encountered in prior art devi/cESY
by providing desirable features such as larger flow capacities, positiive

| ocki ng and i nproved rel easing, sinpler construction, inproved reliabi\ity/
decreased foulability, and reduced costs.  -8- SUMVARY OF THE | NVENT :
The present invention is directed to test tools for testing wells, the test
t ool.s--havi ng tubul ar body nenbers tel escoped together for Ilimted

i oh ot e EAPERERT Bl PN The A8 ERE Y HEARNAIY A 1 655 B ted
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recept acl q:+aexhbs:w@'1!, @ gl ericibdoust Eggmfat&ﬁe rﬁﬁyi'%%%émﬁgsgkﬁe i s

in open collapsed position and to shut-in~or plug the when t evi ce
is in closy ﬁ&@péeetwIstwmdébeeﬂga?em@ WAt QI AN & ORG T Sk opl N
and sl ot means operable in response to the device being noved back and
forth betvsiesuD@er and teleoSasill PPEOWI €6adufid, awd addnd fdhere deyEEengl LAV
the receptacle after a predeterm ned nunber of. open-close :

keys to disengage them from such stop shoulder to enable the

tool to be moved therepast in the well. |
Pétent 3,472,070 discloses a locking device having
separate pivoted locking dogs, one looking up and the other
looking down, engaged between a'pai# 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 shown in the Composite
Catalog-of 0il FPield Equipment and Services, 1970-71 Edition,
pages 506 and 507.
U. S. Patent 4.420,044.fi$sued to ﬁilliém H. Pullin et al
k“’ . on December 13, 1983, discloses a.continuoué zig~-zag cbntrol
slot and pin arrangemeht fof controlling longitudinal movement
of one member relative to another_member telescoped thereinto.
The present invention overcomes many of the problems
encountered in prior art devices by providing desirable
features such as larger flow capacities, positive locking and
improved releasing, simpler construction, improved reliability,

decreased foulability, and reduced costs.
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the deV|ce ~upon being pulled from the receptacle,

ther cycling. It is therefore one object of this invention to

yi¥le a well test tool which is useful in obtaining reservotr

ation in a well by shutting in thegaell _ imredi ately above the

qlg perforations by closing the test tool and allowing the well to flow
by opening the tool, -9- tREMMBRY DELTHE, INVENBIONf or mati on such as

static and fl ow ngrlb@tpﬁgséﬁte z.plvesauroes :amddofetea‘aert@t Weast COBOLBUESS'Y

during the t
a test tool

ST AR F L orpACPRdEy B natline e HELERY 8ey peRoRES

opened and clmeabmpeéngamtige!andfmel akimptede Wwngitudénal cabllatdre

which it is run,cddie | ongs saéygaakbggs%am%ﬁ M e A8 P9BPEROLRIAN

sealed in the |l andi ng receptac
test tool whiddhignabatvyean| fhBedGds Q%keﬁsmﬁ@hlﬁﬁ§éﬂtéd9lmetmst flow

receptacl e angdvi ey QR Mkinel h¥ cBeaanegotekeasethgf telodedr SHn NeRRer

of open/cl os
a test tool

i nredi atel y reeldcléd ther eigstf ococaddibe bngl a:gﬂf&d:lli@bléhlﬁo provedhagcaokool

obj ect of t hi<S |

her ect - prOV| e suc

e

cl es have n_perforned. A ot her ob is to rOV|de such
OIS RrSnast R, BeA ARt ot Pk mEnes debamahy R RmyPReT

Yi §hick Frersd, in 8" a%well™3na™ {£8 ' 18Ver

whi ch can be Oa% dkﬁand cI%seq: % eS| red, nu of t A further
p% Vi

end being provxded with locking keys for anchoring the
device in its receptacle in the well to direct f£flow
through the device when thé 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
with control pih and slot means operable in response to
the device being moved back and forth betweeﬂ open and

closed positions for unlocking the device from the-

receptacle after a predetermined number of 6 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 which is useful in obtaining
reservoir information in a well by shutting in the well
imméﬁiately above the casing perforations by closing the
test tool and allowing the well to flow by opening the

tool,
i



‘t ool and receptacle therefor which has an uncomonly | arge fl ow capacj
for its size. Another object is to provide such a test tool which cay
equal i ze pressures thereacross quickly. Another object js to providé
‘tool and receptacle therefor which can be placed in the.well flow cp
(tubing or drill pipe) above or bel ow the packer, enabling the test}
be placed directly opposite or very near the per- forations. - 10-
Anot her object is to provide a test toolqwhich can be lowered into a well
on a-wire line or a conductor cable. A further object of this invention is
to peovide a test tool of the character described which can be run in a
wel | pi pe téte | tegs mbooelagadhle mingpl infvirmationt sachi ax ddatid namd £Xb§1hag
or previously set well packer |ocated just above the casing perforations.
Anot her olbjodittont shebe ppoessures endf@p| tempengtoseiss coovt imuows ky nduring
chances that it will become fouled in its landing receptacle by sand
or ot her theattestingeprbreeguaesund it, and in particular, around the

| ocki ng mechani sm According to one aspect of the present invention there
is provided a tdOther pBiectsihdhe wbhvyenbipa ign ton Rravisde B ctestctand

anchored in downhole receptacle neans in a flow_conductor ¢therein
for ~ and landing receptacle of the character described which is

opened and closed by tensioning and relaxing the wire line or
cable on which it is run, the lower end portion of the tool
being anchored and sealed in the lahding.receptacle.

A further object is to provide such a test tool which
automatically becomes locked when inserted in its receptacle
.and which automatically,becoﬁes released after a preset number

i/- of oven/close cycles have been performed.

Another opject is to provide such & test tool whickh,
upon becoming released from its receptacle, may be immediately
relocked therein for additional cycling, thus providing a tool
which can be opened and closed any desired number of times.

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

Another object is to provide such a test tool which can
equaliie pressures thereacross quickly.

Another object is to provide a test tool and receptacle
therefor which can be placed in the well flow conductor (tubing
or drill pipe) above or below the packér, enabling the test
tool to be placed directly opposite or very near the per-

forations.



g flow through the flow conductor, said tool being openable and
tensioning and relaxing the flexible line to permt and
prohf bicty f)ow there- through, said tool having a fl ow passage for
conduct¥ng/ wel | pressure fromtherebel ow to pressure sensing neans

all the while said test tool -ipg-in the well, the downhol e

recept acle having_a pair Lnternal annul ar recesses providin air
oppositely facin§? ?%é?cghéﬁ(ﬁﬁspfﬂEFgﬁeﬁMﬁﬁF &Pﬂ%&ﬁhlq oFaq
conprising: ae ldéwdriédr inerdral weldnsohawi ngilrat el dhef |y aoréomﬁeﬁoad
Its upper en 5 Qe | ock keys nmounted on side tubular nmandrel neans and
configured t6 engage said pair of recesses and said pair of oppositely
facing | ock shouléeduﬂvh%ajdbdswﬁh@ﬁatbtepﬁaMe@uﬁgnwissabdpmgmimeiag
movabl e betuegge! SActedl and exRaded DRl dd Li5ed Oy Cuhicf°245 Yool sgi
keys outwardl'y toward expanded positions retractor eeve
nmeans sl i dabfy ¥okht & RS §5Fé}nﬂub®4>‘a?err5ﬁ1dlsélalneiahspéﬁd whigmg isantheans

controlr

thereon engagaakhe 1¢d hisabd |OekskeNg o rﬁi'é@&'bu”sﬂ?mé@t upleqgkegdapratt i on

responsive to upward nmovement of said key retractor S|leeve neans Telative
Lo Dard t ubul P aRBAdANS RIS cthe ARG Bordorg t IRihm 1ot at ably

carried by saidanetthact ObbjeS:|tee!{§ toregroviddida Ragitngtool NViREdiNg
proj ecting pkgagga@%glégglﬁqgggg 'chances that it will become fouled
in its 1landing receptacle by sand or other materlal
settling around it, and in particular, aréund the locking

mechanism. '
According to one aspect of the present invention
there 1s provided a test tool for testing a well to be

run on a flexible 1line and anchored in downhole

g

v

receptacle means in a flow conductor therein for __

controlling flow through the flow conductor, said tool _EJ

being openable and closable by tensioning and relaxing
the flexible 1line to permit and pfohibit flow there-
'through, said tool having a flow passage for conducting
well pressure from therebelow to pressure sensing means
thereabove all the while said test tool is in the well,
the downhole receptacle having a pair of internal annular
recesses providing a pair of oppositely facing abrupt
lock shoulders therebetween, said test tool comprising:

a. tubular mandrel means having lateral flow port means
near its upper end; '

b. lock keys mounted on side tubular mandrel means and
configured to engage said pair of recesses and said
pair of oppositely facing 1lock shoulders in said
downhole receptacle means, said keys being movable
between retracted and expanded positionsr

c. meahs biasing said keys outwardly. toward expanded

positions;



£

f.  tubul ar body nmenber neans having neans on one end thereof for
connection to a conductor cable or wire Iine and having its other end
t.el escoped over the upper end portion of said tubular mandrel neans for ‘<)/)
limted | ongitudinal novenent relative thereto, said tubular body nenber
~means having its lower end portion rediiced in dianmeter and tel escope
I nto the upper;end ti f ' e € or_,sl.eeve nmeans, said reduced
dianeter[xnti%h onggig%?5%ﬁ€§?;%éﬁg%%n%éggneg%édﬁﬁlﬁ;%?ﬁ?&ﬁFwPPhsal%
contnot sl ot neans tepulaceimandy Slai vepha @ndj enavingi vaar dhgads orheaiedn
contref ring, said £R9L5aL 3Oty fBANS 1 hAI NG, &f kggamtg:— zag, LYRe a%g @a\élong

a plurality of open-endéd slot |egs each permtti sal d tubular o
nmenber to be |iftedtPbOFREIURRTLITIR t FEFPPRSiVEAVEP WPWREG: moYemert sgifd

key retractor sleeveaigaikkfotlettactidtt BRaRvehaMbiafsatrdeRsivONashgktiq

cl osed-end slot |eg, for engaaigg %nd lifting said key retractor sl eeve
means, said control 3PB3t3heBAR9pEnFe@8SConfi gured that each time the

t ubul ar body nenbercoetneli s diirfg edmeehat | wottax @iy t ¢hvlrdedmansy el sggans,
said control ring i dc sai rol_pin t yvance,to_t

next control sl ot Igg?§§gfggtub%ﬁ%%%ﬁbdyqﬁ%' er ﬁ%g%s h %?g%gmdnaBVFﬁngs
al ignable with sai de¥edpecpdng paanseahnssdiikadiieretandrel neans when said

tubular body nembertypu IBANSIEY | RehbSr! WRIADSha PR IULAL! 8L nd CeRdl d

thereof for connection to a conductor cable or wire

line and having its other end telescoped over the

(o ' upper end portion of said tubular mandrel means for
limited longitudinal movement relative thereto, said

tubular body member means having its lower end

portion reduced in diameter and telescoped into the

upper end portion of said key retractor sleeve

Lo means, said reduced diameter'portion of said tubular

body member means being formed with control slot
means for receiving said pin projecting inwardly
from said control ring, said control slot means
being of the zig-zag type and havingla plurality of
open-ended slot legs each permitting said tubular
body member to be lifted to the upper limit of its
travel without lifting said key retractor sleeve,
said control slot means having at least one short
closed-end slot leg for engaging and 1lifting said
kKey retractor sleeve means, said control slot means
being so configured that each time the tubular body
member means 1is lifted relative to said tubular
mandrel means, said_CQntrol ring indexés and causes
said control pin to advance to the next control slot
leg, said tubular body member means having window
means alignable with said £flow port means of said

tubular mandrel means when said tubular body member



tubul ar mandrel nmeans; g. bi asi ng neans between sai d tubul ar mandrel

. s and sai d tubul ar body nenber neans bi asing said tubular body nenber

; downwards rel ative to said tubular mandrel neans; and h. means on
gal\t ubul ar mandrel neans engageable with said receptacle to seal between
'saﬂd receptacle and said tubular mandrel jgeans. According to another aspect
\of the present invention there is provided apparatus for testing a

_conprising: paadAndd Ngn eseRbA@ oI O pod e SR RE1aR it £994

" therein, conprising. a. a i n_ body nember ‘having a bore therethrough’and
| ateral port nean§WQﬂ%9§ﬁRﬁé§29}tgeéﬂaéf sai d.bore being reduced in =
di amet er bel gw said dsdlref aledtos tbatassn said retudad d=aHEiel Hodesbghag
formed with nmeans far nggiving a t est 09 L N locged and seal £d relgtion
therewith, said msathoRPHEibeP°BEi AFHFSFNEM T hPARSARTUISRH Y oF Va8 3%
surface bel ow sai thddyt eremibgrorneamandoatwaldss relladdrveprioyi skeill byubhkanpper
end of said reduc%%dg tel, bore, portion; b. an upper sub nenber having
a bore therethroug heans oh 1ts upper end for attachnent to a string
of well tubihg, ameansvidry $254| sWbr 1aar tRanfreluBeansn engagdend li avbtler
and having an annaaly seaddpPaséf 86€ s2a’ e deh t B8 i howRic &ith Ofe S2h4E
bore, the reduced dianmeter portion_of_ said upper sub nenber. being
tel escoped inteo SRddfyE Bdenel RERASbody member and slidable

therein between aadcegeling to another aspect of the present invention
there is provided apparatus for testing a well,

comprising:

a -1anding reCeptacle for .énchoring a test tool
therein, comprising: | '
a. a main body member having a bore therethrough and
lateral port meahs intermediate its_ends, said bore
being'reduced in diameter below said lateral port ;:;

means, said reduced diameter bore being formed with
means for receiving a test tool in locked and sealed
relation therewith, said 'main body member being
formed with an annular valve seat surface below said
lateral port means at the shoulder provided by the
upper end of said reduced diameter bore portion:

b. an upper sub member having a bore therethrough and
means on its upper end fof attachment té a string of :\J
well tubing, and having its lower portion reduced in
outside diameter, and havihg . an annular seating
surface surrounding the lower end of said bore, the
reduced diameter portion of said uppe; sub member
being telescoped' into the upper end of said main
pbody member and slidable therein between a closed
position .wherein its seating surface is in
engagement with said valve seat surface of said main
.body member for closing said latefal port means and
an open position whefein said seating surface and



position wherein Its seating surface IS 1in engagenent with sai
val ve seat surface of said main body nenber for closing said |ateral por
means and an open position wherein said sggflng surface and said val v
seat surface are spaced apart to allow £l t her ebet ween; c. means -on

said min body and sid yansl syl reTheacaengAgeRlle Lor Lt ing Lel gl

| ongi t udi nal novenen erebet we means bi asi sarg- i n
menber toward openlﬁgomothﬁteﬁevuﬁéﬂe a test tool suspended in sald wel |

on a-flexibledine gaghdoeki ngdya amglaeasddggl ¥nangaged aaoéa' %d@”ﬂéﬂﬁev
receb%acle said test tool havi ng fl ow passage therethrough, said_test

tool conprising: i c??ﬂﬁﬁ%ﬁaﬁﬁﬁdréprneahkmlF%nglOEFI%%k¥QHn&@%@16%Q§E?H
tubul ar nandrel neaksvaneh €othégebadweengngage in said | anding receptacle,

id keys b bl e_bet tracted.a ded posit d k
aving 1ot raction (R TEaRts ERBSeaHR 3 | PoAodife b BERRGE S B8y LoBER bas i y

t oward expanded|mxp¢snm;omv akdy retractor sleeve neans slidably nounted

on said tubul ar, mangr gl FEaNSo ANL.IR nr%aca%%%tbsziforbr?ngagsfgim%th

sald | ock keys to retrac mto ositron responsive to u
line and lockingly and sealingly engaged in sa1d

landing receptacle, said test tool having a flow
passage therethrough, said test tool comprising:
i. tubular mandrel means:
ii. lock keys mounted on said tubular mandrel means
O : and configured to engage in said landing receptacle,
said keys being movable between retracted and
expanded positions, said keys having retraction cam
means thereon:
_ iii. means biasing said keys outwardly toward
A% expanded position;
iv., key retractor sleeve means slidably mounted on
said tubular mandrel means and having c¢am means
thereon engageable with said lock keys to retract
‘them to unlocked position responsive to upward
movement of said key retractor sleeve means relative
to said tubular mandrel means;
v. tubular body member means having means on one end
thereof connected to said flexible line and having
its other end telescoped over the upper end portion
of said tubular mandrel means for limited
longitudinal movement relative thereto, said tubular
body member means having its 1lower end portion
reduced in diameter and telescoped into the upper
end portion of said key retractor sleeve means, and
operatively connected thereto;
vi. valve means in said test tool for controlling



ent of said key retractor sleeve nmeans relative to said tubul ar
nmeans; v. tubul ar body nenber neans havi ng nmeans on one end t hereof
ted to said flexible |ine and having its other end tel escoped over
\per end portion of sai d tubulqr - mandr el means for limted
) tjudi nal anenent relative thereto,*said tubular body nenber neans
Its d qr t.i | d sgpped i.nto
Adper end p\g%{liuo]%no §§| glhk gﬁ’letggg?o&l%&géégga g tth%re o%ér%ﬁ vely
connect ed t her et ¥alwie vbb\zegmaanevahlsal obeeﬂeenoolosﬁm c@ang ol bﬂ.nged\r/
fluid flow throughg3aliddd ov £assaEEvENCREO! ax3ll UlbyeneRE Nge  ERYAOTE

bet ween open osed lons responsive to axial novenent of said
tubul ar body neadstbudiad i yomgana M A v srab@r SR ifediP v k2 ¥ e3pBAselt o

tensioning and rgled¥sdigairkdpsxsd! Qd 'E‘Sns%h@nbe”érh@“'r@la@ﬂ%q ekgxiyng of
said flexible line also causing said |ateral port "neans of said 1 anding

receptacl e to opéRe#icPid osiReandaifi teRisiqH FedRe FALASENSE P FGBGIar

mandrel means angigxitbildlbuine Rade ”@Q@Qin?’E%ﬁicbl Eétégaialpbﬁﬂlbhlleahstdy
menber neans downward .relatiye to_saia tu mandr el S tomarg open

posi tion. Referefite Sl ?ﬁrEEFEHtFS O SRSTHIHY P2t @R apPFi cati ons

Nos 8719783 ( Ser ivdli .Nobdh¥AGhy) M£7Wﬁdeéﬁersaidl\bt!2ﬁ92653) mahdek1ver e
di vi ded

- means and said tubular body member means biasing
said tubular body member means downward relative to
'saia tubular mandrel means toward open position. .
Reference is hereby directed to our copending patent _ -/
applications Nos 8719783 (Serial No 2192652) and

8719784 (Serial No 2192653) which were divided

herefron. '

Reference is now made to the accompanying drawings, in . -.
which:- | : ' o/
Figure 1 is a schematical view showing a well being

tested with the test apparatus of this invention;

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:;

Figure 3 is a cross-sectional view taken along line N,
3--3 of Figure 2C showing the arrangement of the 1lock
Keys;



herefrom Reference is now nade to the acconpanying draw ngs, in which:- -
Figure 1 is a schematical view showng a well being tested with the test;
apparatus of this invention; Figures 2A, 2B, and 2C, taken together, '
constitute.a longitudinal view, partly in section and partly in elevatio
showi ng- a test tool constructed in accordance with the present invention;
Figure 3 is a cross-sectional viewtaken along line 3--3 of Figure 2C
showi ng the arrangenent of the | ock keyq;; Figure 4 is a fragnentary view
taken-along line_4--4 and show onlxtthat ortion of the test too

nmandi.el a5500|atg&gﬁqﬁ1ﬁrﬁfl%c£9i%9§, BLYu éQ¥|§PE&Pe%b?BaeaiP§oﬁ§Fﬁ(?nd
h th | t ,th d the k t
Houro o1 SighIRg  Brdly, Hhak BEFELP rbn theote 9t ool BABAERE gasBosaaLed

Figure 7 i nf w simlar to Figure 2B show ng a portion of
t he deV|cé§% FE§%?§§E§K*ﬁ§§ilits cl osed position; Figure 8 is a

devel oprient. i eve3ties, e £0NEkBLoLE" idloridts 10 A £A00:08 LS devi ce

of Figures 2A-7 and show ng Ive positions e con

therein duLige oBR! Bedkell W HEYLCEna Y e % G SE0SF™A1 Gaboyl W

simlar to Frgure 1
Fzgure 6 is a cross-sectional view taken along line 6--6

of Figure 2B;
Figure 7 is a fragmentary view similar to Figure 2B

W showing a portion of the device of Figures 2A-2C in its closed
position; |

Figure 8 is a development vieﬁ showing the control slot
of the lock portion of.the device of Figures 2A-7 and showing
the relative positions of the control pin therein during
operation of tne device: |

Figure 9 is a schematical view similar to Figure 1 but
showing the test tool of Figures 2A-8 anchored in a bypaés
landing receptacle; |

Figures 10A, 10B, and 10C, taken tégether, constitute a
‘longitudinal view, partly in section and partly in elevation,
showing a bypass landing receppable in which the test tool of
Figures 2A-8 may be anchored; N

Figure 1l is a cross-sectional view taken along line
11--11 of Figure 10B;

. Pigure 12 is a cross-secﬁional view taken along line

12--12 of Pigure 1l0B;



:135 ng the test tool of Figures 2A-8 anchored in a bypass | andi ng
eeceft acl e; Figures 10A, 10B, and | OC, taken together, constitute a
udi nal view, partly in section and partly in elevation, showing a

| andi ng receptable in which the test tool of Figures 2A-8 may be
ored; Figure 11 is a cross-sectional view taken along line 11--11 of
jufe 10B; Figure 12 is a cross-sectional view taken along line 12--12 of
Figure | OB; Figure 13 is a fragnmentary schematical viewsimlar to
Figure 1 but showi ng a nodified forn1of'éypass | andi ng receptacl e | ocat ed

b k ' [ 4 d Fi ' i.cal _l.ongi t.udjpal A
oty Peceeri BAoReiP 13 Fhda[egbmelitdry ScRORRRIERT ViR iR lgs ¥
how t hEkkeed f S i agcle Ei gure 13.
Dooeri ot | D FROuFecd UCT MoUIRGT Wil OXed HEPRGE bpamsl Handthg, i

be seen fedepruehle A0dsx &8 EBBYLCH PcHILA o eyRIeRad N0 pr oduct i on

testing througn use of production well test apparatus e ing this

i nvention. SuchFigstrealgarid us schemdedcal M?ﬂt\@iﬂﬂﬂhi Qrie"we,c‘iﬁtﬁciyte ars
and a probe or test tool 24 |ocked therein. Well 20 penetrates an earth
formati ors@ftiondandl parasiyoiRBelevditipdsof tH dbige 'Bhk tEN® ke Eway,
through the formation and has its lower portion sealed as at 29 by suitable
pl uggi ng steawingutheamodifigd Hormhefl bypafieriandi hgneeddptaedyios

Figure 13,

-/
Description of the Preferred Embodiments

Referring now to Pigure 1, it will be seen that a well 20
is schematically.shown to be undérgoing_p:oduction testing
througn use of production well test appératus embodying this ;)
inve?tion. Such test apparatus includes a landing nipple cr
receptacle 22 and a probe or test tool 24 locked ﬁherein.

Well 20 penetrates an earth formation 26, and well casing
28 is disposed'in the well and extends throﬁgh the formation
and has its lower portion sealed as at 29 by suitable plugging
means such as cement, or the like. Perfofations 30 conduct
formation products'ffom formation 26 thtough-the wall of casing
28 and into the casing bore 32. A well ﬁubing 35 extends from
the surface to a level at or near the perforations 30, and a
packer 37 seals betﬁeen the tubing exteribr and the casing
interior thus closing the tubing-casing annulus 38 above the
perforations 30. A wellhead 40 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



formation products fromformation 26 through the wall of casing 28 and
the casing bore 32. A well tubing 35 extends fromthe surface to a | evel
or near the perforations 30, and a packer 37 seals between the tubing
exterior and the casing interior thus closing the tubing-casing annul us
above the perforations 30. A wellhead 40 cl oses the upper end of the ca
about the well tubing, thus closing the upper end of the annulus 38. A flow
line 42 is connected to the tubing 35 justa above wel | head 40, and wi ng
val ve 44 controls flow between the tubi'nd. ind the flow line. A casing wing

46 and W nibyokvReAdHUaRY 4t AAESTLAG 38IVkU3 BT APELeR) olNBe Rk the

tubing 35 has a landing nipple or receptacle 22 connected thereto at

lover end, ¢ tiB3hgl Sndd@¥new dity VBide PackegadingdwitP e dda dgshgedalivee 4s

| andi ng receptacle 22 may be threaded at its lNower 'end for attachment of a
ni ppl e or pibeideuaceliss TAndWIuPr98ecti ngeted,.l over end of the test
tool which protrudes therefrom Alternatively, the receptacle could be
made sufficient| yhleorelllo tubivsy t36 kasi aclbaddngemippld her t pétebeakle 22
Norrmal Iy, the landing nipple and the packer are | ocated near the

perf or ati cmensectkdt thereta wate s thewannehds Watrelisy thelackhe F€1Wi | |
be mnima' .. The landing nipple or receptacle 22 is forned with upper and

| oner annupackeecddseassGhawnsSl IHh desireder thel lanstiviqireceéphacode RRamgy
52 therebetween providing a pair of abrupt shoulders 53a and 53b, one
faci ng upvie® dejreadedhatoits kawsheadwhodr atgacbaient o a caipple, orhe
bore wall 54 of the nieple 22 is_snmooth and adapted to be quaged by seal
ring 56 ofotlkef suitable means for protecting the lower end of the test

N

tool which protrudes therefrom. Alternatively, the receptacle
could be made sufficiently long to house the entire lower end
of the test tool. Normally, the landing nipple and the packer
are located near the perforations so that the volume of the
annulus 38 pelow the packer 37 will be minimal.

The ianding nipple or receptacie 22 is formed with upper
and lower annular recesses 50 and S1 in its inner wall leaving
a land or flange 52 therebetween providing a pair of abrupt
shoulders 53a and 53b, one facing upwardiy and the other facing
N downwardly. Below the recesses, the bore wall 54 of the nipple
22 is smooth and adapted to be engaged by seal fing 56 of test
tocl 24 when its lock keys 58 are engaged ih 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 conductor cable 60 and suitable sensor
meahs 62 which may include weight bars. (Test tool 24 can.be

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



tool / 24, when its |ock keys 58 are engaged in the recesses 50 and 51, as
o0 anchor the test tool in the receptacle. Attached to the upper end
off thg tlest tool 24 is a {Iexible i ne such as conductpr cable 60 and

sui t sensor nmeans 62 which may include weight bars. (Test tool 24 can
be ku naflexible steel line as will be |ater explained.) The test

t oQl , en closed, effectively plugs the bore of the receptacle and bl ocks
flo formation fluids through the well tubing. The packer, all the

while, prevents the escape of well f1aiids upwar dl y t hrough the annul us 38;
Vel | fluids entEhengeshe toadi ,noriiénm ochbsedr, f eiffidoniv 8Dy ap 2uyButheondd £
to the isolated portion of the annulus or chanber 38a defined by the casing
bore 32 &tk heetceptaciel ensk bt ics ofkawby fcvama 2iomnflluidsupheougid the
cl osed by the packer 37 and test tool 24. This chanber has an extrenely
smal | volwedel cowpingd wrhie paskeme ablubkbeowhtile bh@revénthethebiesgapge o
is normal |y many thousands of feet in length. Wien the test _tool 24 is

cl osed a¥SHovintuifg BPrasGly &harrgbbhesasrudimiIGes Welh €A81AG mation
and thus contajns formatiqn pressure. This build up and subsequent static,
shut-in GPEERARE | Sher GASHNG: Shrnah nRar foraions (Atareothus cpafimesbr
means 62 t hereabove which then sends electrical signals via conductaor cable
60 to t h&Sslihicksahared Porsian 8F cbhananprdiss &K ¢Ranrber e defdnads

whi ch then records and/ or displ ays.in real tinme the nagnjtude of such
f or mat i of¥pr %nﬁ%séggagPﬁﬁcéﬁb N BRVLNITRES HOMRE sCH9sedy PY| §gment

' ncl ude E%a%%é‘¥t§998529 end closed 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 length.

When the test tool 24 is closed as'shown, the pressure k;)

Chamber 38a soon equalizes with tne formation and thus contains

+h

ormation pressure. This build up and subseguent static,
shut-in pressure is transmitted continually by the test tool to
the sensor means 62 thereabove which then sends electrical
signals vi; conductor cable 60 to~the surface where it is
received and processed by suitable apparatus which then recordé‘/
and/or displays in real time the magnitude of such formation
pressure as a function of time.

The sensor means 62 may also include means for sensing
physical characteristics other than pressure. For instance,
the test tool would normally include temperature sensing means,

in which case such means would send signals continually to the

~r



physi cal characteristics other than pressure. For instance, the test tool
woul d normal 'y include tenperature sensing neans, in which case such neans
woul d send signals continuglly to the surface and the surface apparatus
woul d display and/or record.in real tinme the tenperature at the test too
as a function of tinme. Both pressure and tenperature signals my be '
transmtted to the surface continually all the while that power is supplie
to the sensor nmeans 62. Tne test tool is closed by tensioning the cable 60.
This.lifts the upper portion of the testl§vol to extended position while
tne \ower portion thereof remains anchored in the recep- tacle. The test
tool ‘i s opsueflaby aaldaxiheg guwt acé| epparandsaiWomilidgiidel 4esandgok record

contract.

When the test tool is open, formation fluids nmay pass upwardly

t her et hr outih BRdLlt fidegikhenccenpr natubet BE sbef 46s tarkPphisas oat fohcthe nwelf]
t nrough wing valve 44 into the flow line 42, provided the wing valve is
open. Thustime.the wing valve 44 is open, flow fromthe formation may be
controll ed by opening and closing the test tool nerely by tensioning and
rel axi ng the cabPeBOPIR&SHLE RAGoheRBEFAGYTEs SAGNaES Tay be tranpmissed
that a test tool is indicated generall%lby-the ref erence nuneral 24. This

test tool

v thet Aug fgcayGantinabiye

schemat i cal FLﬁure 1. The valveégortion of the test tool 24 is

subst anti afPy

€ sensor means

‘1ifts the upper portion of the test tool to extended position

while tne lower portion thereof remains anchored in the recep-
tacle. |

The test tool is opened by relaxing the cable 60 and
allowing the test tool.to contract. Wnhen the test tool is
open, formation fluids may pass upwardly therethrough and
tnrough the tubing to the surface and pass out of the well
tnrough wing valve 44 into the flow line 42, provided thé wing
valve is open.

Thus, if the wing valve 44 is open, flow from the
formation may be controlled by opgning and closing the test
tool merely by teﬁsioning and relaXing.the cable 60.

Referring now to Figures 2A, 2B, and 2C, it is seen that
a test tool is indicated genetallyﬁby the reference nuﬁeral
24. This test tool 24 in this view is a detailed showing of
the test tool 24 seen in schematical Figure 1.

The valve portion of the test tool 24 is substantially
similar in structure and operation to the tool illustrated

and described in Patent 4,286,661, supra, the tool being

%

dhéRenghdil & HhaeROYSH| 18458RR% e

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



simlar in structure and operation to the tool illustrated and described in
Pat e 4,286, 661, supra, the tool being illustrated in Figures 17-20 of
ypatent. Patent 4,286,661 is hereby incorporated herein for al

pur gos by reference thereto. Test tool 24 includes a tubular:- mandrel 100
haviin downwar dl y opening blind bore 102 which term nates just short of
end thereof. Flow ports 103 are forned in the mandrel wall near
end of blind bore 102 and com.nunicate the bore 102 with the
exterior of the mandrel. The |lower end ©f the mandrel is provided with - ™
nmeans f ok ' t Olq =i_ [ € tacl.edn a r

be | ater Ec]igggr%??et?h T{}g ?gagf&%orlt.’i (r)zn@ﬁ éonfé’l![z h%égéﬁgr’el P%ﬁar}rs gﬁ?@?gé‘g{l n
out si de gga i a i I S med
h The. mamdrer ooy Ao SR eTR I or MY BurbPREs; ST EE gt
shoul der ghé@étand 107a, respectively. The recess 106 is spaced a short

di stance bel ow the upper end of this enlarged portion 104 so as to | eave a
flange at the Besdr ool 024t becladess.a Anbiular emandpell aDwikdvimgess 110
is formed in mandrel 100 a spaced di stance bel ow recess 106 as shown.

| mredi at@bynivalrdlyr expeesysirid Obl badnbodrecl0Bhwibben tednindties olist d¢hort
dianeter as at 112 and-the |lower end of the mandrel has been externally

t hr eadedofisthe upper emteciiverebé.noPdopi guar tiL01 B3 shewforhea Uipcthe

portion of the nose piece 120 is enlarged in
mandrel wall near the upper end of blind bore 102 and com-

municate the bore 102 with the exterior of the mandrel. The

N/

lower end of the mandrel is provided with means for anchoring
the test tool in a suitable receétacle_in a manner to be later
described.

The lower portion 104 of the mandrel 100 is enlarged in i)
outside diameter as at 105 and an external annular recess has
peen formed in the mandrel as at 106 having its upper 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
end of the recess.

Another exterﬁal annular recess 110 is formed in mandrel
100 a spaced distance below recess 106 as shown. Immediately
below recess 110 the mandrel has been reduced in outside
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. A

The upper portion of the nose piece 120 is enlarged in

outside diameter as at 121 while its lower end is generously

-’

-



outside dianmeter as at 121 while its lower end is generously chanf er ed
as at 122 to provide a suitable guide surface for guiding the test tool
i.t moves downwardly in the well. The nose piece has a bdre 124 which i
reduced in dianeter and internally threaded as at 126 to receive the
128 which closes the | ower end of the test tool and may be provided

‘t hrough bore such as passage 130. (Thread 126 may be utilized, if desi ,
to attach a tool such as a self-containedJrecording pressure gage, or the

like;tool, to the lower end of the test tool. If such recording gage is to
be the/onl ghanfiered gatatrildgd ¢t prdwiddeghauseivhblesiguidd sifrfabe E6st
tool can be run on a conventional flexible steel line.) The mandrel, as

seen in Fi @widing htkebbeatnitblodd aiso iy awd ves cdownwaeddyt iial |the peekll.

| ongi tudi nal grooves each indicated by the reference nuneral 13. providing
ears 132 t Adecmasednieqachas) andoredildd whbohesspaedudedbugh disme veor
flanges at the upper and | ower ends of recess 106. Locking keys 133 are
nmount ed i nandettanwablyt hhrgadedelas Akl ba€ht@eyece imeotiep g h1 2@ans
such as flat spring 108 for biasing the spring between retracted and
expanded p¥&iiqhhsloseentherlpyeroenthphhetest taod and adye be@Eseviddd
as shown in the inward side of the key to allow the key to be retracted as

fully as n&éddy. 2 QRIR EPéepPBFPdéﬁ\RQ?ﬁQ?%Ilégrfa§8§rEﬁ§z%ﬂﬁ]ﬂEYohe

it d,l. tively, d di flat f

i 50" brovi B8d kb Sthe Thrar 6FEREC LS AR eAHE S EASTIRECh el s Y inan Eadsa
of recess }g%'or(dqrnfepfégé'&?eélghae? %rroséiesef{l'(gnééol, 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 test tool
can be run on a conventional flexible steel line.)

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

Locking keys 133 are mounted in reéess 106 of the
o mandrel, and each key is provided with means such as flat

spring 108 for biasing the spring between retracted and
expanded po;itions. Eadh 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. The keys are
provided with flat surfaces 140 énd 142 on its upper and lower
ends, respectively, and cofresponding flat 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



vi 2w | ooki ng upwardly, and since the view | ooki ng downwardly woul d be
the sanme, the |lower flat surfaces 146 which are the counterparts to

\Y
s\ur

pregsurje differentials acting thereacross as will herein- after be brought

\ faces 144 have thetr iden- tifying nuneral in parentheses). These
f ‘ss\r f aces on the nmanditel and keys provi de good and- adequate bearing

enable the test tool to wthstand great | oads as a result of |arge

The upper portion of mandrel 180 is reduced in dianeter as at

150, and near its upper end a plurallty“ﬁ? C|rcunferen- tlaIIy spaced slots

of 1o i TRk EhE, BF’%'%@% 48§ ERBHOLFEL 4% et  Gakhoatind™™
oroter abig b oF %%?EEE? %‘%%Slﬁiéﬁg"%%fe s Bnatliee, T Bigh o

or flow

at 103b

at mand];aglr i%rgéllrga%ﬁ ph%traa% gff Ees ethﬂP@Farv{%é’h g&sgloz of

cl osed, as c ear y shown I'n Figure 2

seal neamdﬁyﬁﬂganumesallthpuﬁﬂnﬁhé@hiﬁo | #hede’ IfaG s UPssls & 390thQSt
above the upper end of nose piece 120. A pair of non-extrusion rings 16

are pl acadhrire Bhane Ragsope odvdldyy goed ihﬂgaaﬁgua%@jﬁtéﬁiﬁﬁ Q?@KUEorlng
162 is placed between the non-extrusion ring an

the | ower end of a

ret ai ner eslagehee tilod thasthtoslattcachithesahy yheazd 106@d agendresuif0o0&s

shown. Retai ner sleeve 164 serves a purpose which will be explained |ater.

ui t abl e

A backup leinge foBessudesgéféeérentials acting thereacross as will herein-

after 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
communicate bore 102 with the exterior of tne.mandrel. Flow
ports 103 may have their upper ends narrowed és at 103é as

shown, if desired, and it is essential that at least one an3

preferably two or more of the slots 103 be extended downwardly

k)

\;

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 closed, as

clearly shown in Figure 2B,

Suitable seal means such as resilient seal ring 160 is
carried by mandrel 100 just above the uppér 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 16? is
pPlaced 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 5 pufpose

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

ot



I mmedi ately bel ow seal ring 160 and is jamed between the upper end of nos
pi ece 120 and a downwardly .faci ng shoul der 169 forned o mandrel 150 as
shown. The upper end of the nose piece 120 is reduced inh outside dia
formng a recess adjacent the | ower side of backup ring 168 in which :
W per ring such as felt wiper ring 170 ig?parried. The purpose of the\w
ring is to wpe the wall of the |anding. iregeptacl e 22 ahead of seal ri
160 when the test tool is installed to assure that seal ring 160 will seal
properly hishmedbatled yr enelowtsedd aidgt HEQ estdt sl jahnedbatwbensitte A0fper
conpkised essentially of a tubular fishing neck 202, upper body section

204, and leow@robodpseegiere 2020 asdt @l ekpopealr dlpr fakd ngopenoaeddeef 169
mandrel 100 and is slidable longitudinally relative thereto between upper

and |ower frpshedons. mAnsingbekS5hoasi shordy | The ovpped wirntdh af ntibes n2k®E
which are aligned with the flow ports 103 when the housing is in its |ower
position RdegcenlROgdses educedB 1angureide shiametesealf ornimigyg 2a4ragesxl6

are carried in suitable recesses in the housing and seal between the

housi ng arfijscentinghe lowah $idehofisPagkup molrg 168 dn uppkehpasiwiper,
seen in Figure 7 seal rings 214 and 216 will|l seal above and below flow -
ports 103 9fng heughndselfald prRent ringi ¢ 70 6 192 BL4ARdhe RhestPrDBPSEAOE
coil spring 220 disposed in bore 221 of the |ower housing section 206

bi ases t h&ousiPgrt §1ings 1okR Ypenthgosdiloef THae| 384 Ind st ageBERECLGh

[ hr | h
'S t ead%%)gggggcogdseal ring 160 when the test tool is installed to

\_ assure that seal ring 160 will seal properly between the recep-
tacle and the test tool.
A tubular housing 200 comprised essentﬁally of-a tubular
fishing neck 202, upper body section 204, and lower body
N section 206, is telescoped over the upper end of mandrel 100
and is slidable lonéitudinally relative thereto betﬁeen upper
and lower positions. The upper housing 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 #re carried in suitable
recesses in the housing and seal between the housing and the
mandrel. When the housing is moved to its upper position, seen
in figu:e 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. N
A coil spring 220 disposed in bore 221 of the lower
housing section 206 biases the housing to its lower (open)

position. The lower housing section is threadedly attached



\206a to the |ower end of Upper housing section 200 as shown. Housi ng
APl i s reduced as at 22l1la near its- upper end to provide upwardly

W shoul der 226. Bore 22la is reduced as at 221b to provide upwardly
houl der 225. The outside di aneterripf the |ower portion' of body

206 is reduced as at 206b for a gurpose to be explained |ater. The
end of jgpt 'a-nQizot%) @@a{:ﬁea%w@%t dride d OV epost dRolk 1& PR 92832

which is secure drel H
i nward end eR§a§E@virn s‘iﬂn"?sgﬁ}r%? R %rgg}' }gcgggusﬁééﬁgs fatt t?ezelré}%rfb?h%%“ 09119

shown. The Igp?@rerwhd)ftsplpmzm bpas sdagaifastingpwahdh ydbaciang .shiwi—eléf’

225 formed i ower _h t h

200 Upwar di y 2313 nk® AR 085t dhar A24Pockh Beovite, HEpr Ly, (FaotHa! MO
engagenment o%hnmmmaﬁyZZEC|mgesmmﬂskde2éﬁamﬁtbmmpfbbUy i@ﬂﬂ&wpqx%lﬂnth
the |ower side of, % r#p§)€<6gléhn%0%22;5 'Ee&@éega%art t ”f‘é'élbo%g ta!‘ag%u?éoésaﬂ

one of the fP W DO shown to exten downwar dl han do the
ot her flow pert e Brplaibvwedaldtpsrt The yRﬂe%x?%SPénsP§1F‘ﬁdl eedYSt he

reference nugergl, s]t03QheTh§obe\eers§aé b SlRipgdBd i abl2 twmz&hl ogat ed
bet ween seal rings 214 and 216 regardless of mhether t he test pen

t
or closed angecunes &P &he (PRBITPL UM yOBRBmAMi BIFEs st‘ﬁ’ée‘f‘@n(#gﬁ %3?8 102
W th chanber ; n%%i—ﬂ‘gorlrw inwd he bedsengagedt ian saaztalmxe/mume teoessal

(g 2 and 210 SR ShAEr L SO AL N | ghe o pasendg 22

220 bears against upwardly facing shoulder 225 formed in

lower housing section 206, as shown. o U
Movement of the housing 200 upwardly on the mandrel
100 toward closed position is limited by engagement of
upwardly facing shoulder 226 of lower body section 206
with the lower side of support ring 222,
It was earlier mentioned that at least one of the ;‘)
flow ports 103 is shown to extend farther downwardly than
do the other flow ports. This downward port or 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 all times fluidly
communicates the mandrel bore 102 with chamber 227 formed
in the housing section 204 between these two seal rings =/
214 and 216, and this chamber is commuriicated via lateral
passage 229 with offset longitudinal passage 230 which
leads upward to :



lateral passage 232 which communicates via | ateral passage 234 and cenfral
passage 235 of extension 236 attached to the | ower end of adapter 24 5
which, in turn, is attached to the tool train. Adapter 240 has a central{:
bore 241 enlarged and threaded at its |ower end as at 242 for attacHne
t he upper end of extension 236. Seal ring 243 seals this con- necti oKk,
upper portion of bore 241 is enlarged and internally threaded as at 244 for
attachment to the sensor means 62 which fidprms a part of the tool train. The
tool. train nay i ncl ude pressure and/or tenperature senS|ng means, or the

i keone qpu el pblobassy GRICE REGRLELe8U5H,03 LT ) WLEALSE BY,

ref erence nunera ure rope SocC a the t

to the Cabhﬂdb%mﬁltﬁésﬁ? g@' dfs é,gynxgwﬂo n§9 te e4Rhlea ¢ y]etﬂfsfowet

tool, after beinc lowered e wel l anc ore In the Tan
receptacleeha %E?%%%ﬁ%éfetﬂﬁ'aﬁxbhe %%ﬂéhéﬁg f§0§€€aéhehﬁ%%‘¥HéKL6$@

cable. And, pressure of well fluids in the test tool is transmtted via

sl ot 103b, tkatieral Apssese 236,ne§f eledrongd i udbpal 20aseadar driy er al
passage 232, and into and through passage 235, bore 241 of adapter 240, and

into the | enRleadtd Qft SENS0LoWBRNENG2 as Nk SEHS30f o PEAERAChRlen tPRSUHe and
generates signals for transm ssion to the surface through the cable for

processi nguppecolehid1® £ st ¢hsRbAY23% .0f w1 diAg by4suiskahlse tiird awmn-
i nstrumentation. The test tool 24 may, if desired, be connected to the
adapter 24fekyivaf.ct \'hel epsernpeptish IPHWordh2él $boehdatrhed and
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
like, one or more weight bars, and a rope socket such as that
indicated by reference numeral 64 in Figure 1. The rope socket
attaches the tool train to the cable by which the test tooi is
lowered into the well. The test tool, after being lowered into
the well and anchored in the landing receptacle is opened by
relaxing the cable and c;osed by tensioning the cable. And,
~pressure of well fluids in the test'tool-is transmitted via
A slot 103b, lateral passage 229, offset longitudinal passage
230, lateral passage 232, and into and through éassage 235,
bore 241 of adapter 240, and into the lower end of sensor means
62. The sensor senses this pressure and generates signals for
transmission to the surface through the cable for processing,
recording, and displaying of the data by suitable surface
instrumentation. |

The test tool 24 may, if desired, be connected to the

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



test tool beconme fouled in the well as, for instance, becom ng fouled in

/ andi ng receptacle by detritus, sand, or other material settling
erl/aaround, a pull on the cable exceeding a predeterm ned nmagnitude wll

Y Yhe tool train fromthe test tool. This safety rel ease neans will now
be“desgcribed. The upper end of upper body bore 260 is enlarged as at 261
aQd i6 further enlarged and threaded as at 262 to receive the | ower
threaded end of fishing neck 202. A paig of seal rings 264 carried on the
ext ensi on 236 seal on either side of |&teral passage 232 of the upper o y

body a6 RS et BecOnelERlted! 7, ORLIRETL 88 P A e | BelBlThs

body as the pressure o such
into bor ¢od3edfid heneXL8RAIINY UM Phaciat ByakeR3S aSe@J: brRgs 264

seal equal areas and, therefore, balance forces whi ¢ mp%%ﬁjtend to
SeDaratem%@é?ﬁﬁf"b@@@lihg”&h@ié&¥8uﬁ&9|aa uilréﬁpwhéﬁcdﬁié éﬁégﬁhiﬁa a
pressure. The extension 236 is provided with an upwardly facing shoul

266, andpaeduzyrmimedemaga1&uﬂmounhﬁltﬂEeethﬁsumﬁkﬂﬁiafhtﬁ&&ﬁceﬁethBEO
the fishing neck so that its lower end i's quite close to upwardly facing
shoul der t3@d . Tehiwpsafpeyt reledsd MMeshsawilllcaow MBS desEnipeged to
provi de an external flange 269 whose | ower side abuts the upper end face
271 of the fisithey uppér énghedr yppel78ody bBorpoldd iis adnlegledpast ares
formed in the fishing neck and shear sleeve as shown. It is nowreadily
seen thaR6dn anshaksl purthen end angethsand bhreafedciasntathekf? ttRiereneizet he

test tool is held _
the lower threaded end of fishing neck 202. A pair of seal

N

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 between the extension and the upper body as the
pressure of such fluids is conducted from the upper body 204 -
into bore 235 of the extension through latera. passage 234.
Sealil rings 264 seal equal areas and, therefore, qalaﬁcé 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 surrounds the extensien ~
and is telescoped into the fishing neck so that its lower end
is quite close to upwardly facin; 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 fishing neck. A shear pin 272 is disposed in
aligned apertures formed in the fishing neck apd shear sleeve

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

extension of sufficient magnitude while the test tool is held



- ooumentiae

fTirmy inits receptacle will cause the upwardly facing shoul der 266 to
apply an upward force to the shear sleeve and lift it fromthe fishing{n
as the pin 272 is sheared. 'Thus the extension is |ifted free of the tes$t
tool, pernmitting the tool train to be withdrawn fromthe well. 'If desiree;

aresilient ring such as o-ring 267 nmay be interposed between shoul der 266
and the | ower end of sleeve 268 to absorb the shock of small inpacts and,

thus, avoid weakening the rel ease neans while not affecting its response to
a sustained upward pull on the cable. A string of fishing tools may then be

| owered | Eirhie 18!k te0 reredsaciyl wake BdeeOfthfeth;ﬁJHﬁdDFde@Qﬁ? end or
fishing flange 273 of the fishing neck, after which great pulling torces
and/ or upwhraulderi 2§6i npaapplylarbaipeardt Gofrree thaHesdhéop! shedveecapder
it fromthe well. The test tool 24 is anchored securely in its |anding

r ecept acl & % bijt nfremy thel fiishdnchenerkgas bhet pdnt @H2 sis i siyeaneds esThus
tool to force it into position in the |anding recep- tacle. Locking occurs
aut onat i cdilley extensiopr isglifdesde £ 1egsoflgheetess daghedermitthngl tdle
recesses in the landing recep- tacle. Locking is confirnmed by an upward

pul | on tHechtrainf tehbet withdrawn sfzemhshedweild .wi 11 drsbred,faee with
a pull of reasonabl e magnitude. Each | ocking key 133 is provided with an
out war dl y Feii heRtr FARE SYFPoRSPIOLRR 3éapméﬂePFaﬁWQQFHQﬁ?%r%?FYEQBf

Floure 1. SRRISShes RByaBAoFASe 10T §PE P6r ABFYGpAAE to absord the
shock of small impacts and, thus, avoid weakening the release

— means while not affecting its response to a sustained upward
pull on the cable. A string of fishing tools may then be
lowered into the well to engage and take hold of the enlarged
upper end or fishing flange 273 of the fishing neck, after
which great pulling forces and/or upwardé jarring impacts may be
used to free the test tool and recover it from the well.

The test tool 24 is anchored securely in its landing
receptacle 22 by merely allowing the weight of the tool string
and test iool to force it into position in the landing recep-
W tacle.' Locking occurs automatically as the spring-pressed keys

133 become aligned with the lock recesses 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 locking key 133 is provided with an outwardly facing-
surface contoured to be complementary to the profile of the
recess means formed in the inner wall of the landing receptacle

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



and_| ower bosses 275 and 276 separated by a groove or recess 278. The
- d surface of the key has sloping shoulders at its opposite ends which

ge outwardly to formifrusto- conical camsurfaces 280 and 281 at its -
and | ower ends, respectively. The recess 278 has-upper and | ower side
283 and 284 which serve as effective abrupt |ocking shoul ders. Thus,
ogk key is profiled to engage in the landing recep- tacle with its

and | ower bosses 275 and 276 engég%d in the upper and | ower recess_ of
anding receptacle 22 and with its rupt | ocking shoul ders 283 an 84

straddl i aghd Neow@poBbEskY 29705 NEhdib2 MBt separ atdiviers drodbe ban%eﬁss
recep- tacle. The keys, thus, are able to lock the test tool in the

| andi ng regEept aphe 6LRwarde drEdcd 06F eRRNRleyDh ABEIbPitig Odhblitders at
receptacle in an upwardly or downwardly direction. The test tool can only

be noved jyw\aspihysieedendal Wilch dosvethe barwardly itSIE6ohT BehELoLO
di sengage their abrupt upwardly facing | ocking shoulders 284 fromthe

correspodimicabrepn dundaged \28Gcang 28dpashdtisiarppr tdred | hodengends,
receptacle. As the test tool is pulled upwardly fromthe | anding .

recept aclresgéet iwelyur f The 2ress t228ubpsr uppear and rikowerf sidé wallsi| |
gui de the key past obstructions. The | ock keys are carried in external
annul ar REGand 0284f whiiehnmenwe as efifestive abrupk ldakimgdsheuildegs.
capabilities of the Iock mechanism the |oad bearing contact areas of the
keys and Thws metitie eloake keydd IRARE 1 bedf kat engageinicchs land bagegegeda
of intimate contact therebetween for

tacle with its upper and lower bggses 275 and 276 engaged in <
the upper and lower recess of the landing receptacle 22 and
with its abrupt locking shoulders 283 and 284 sttaddlin§ the
oppositely facing abrupt stop shouléets in the'landing'recep-
tacle. The keys, thus, are able to lock the test tool in theQ:)
landing receptacle since the test tool cannot be moved out of
the receptacle in an upwardly or downwardly direction. The
test tool can only be moved upwardly, and that only after the
keys are first retracted to disengage their abrupt upwardly
facing locking shoulders 284 féom the co&responding abrupt
downwardly facing stop shoulder of the landing receptacle. As
the test tool is pulled upwardly from the landing recéptacle,
the cam surface 280 at the upper outer cornér of each key'will
guide the key past obstructions.

The lock kéys are carried in external annular fecess
106 of the mandrel as shown. To enhance the load bearing
capabilities of the lock mechanism, the load bearing contact

areas of the keys and the mandrel are made planar or flat to

provide an increased area of intimate contact therebetween for



‘| oad- beari ng purposes. Thus the opposite ends of the keys are flattened-&
at 140 and 142, and the end wall surfaces of mandrel recess 106 are T
flattened in the areas 144 gnd 146 (see Figure 4). These flattened su
"are slightly convergent inwardly, being tilted at about 10 degrees re
to the longitudinal axis of the mandrel. These flat surfaces, however)
could be inclined at sone other suitable angle, if desired. Lock keys
are normally in their expanded position may. be noved inwardly as a .
result of the upper or |ower camsurface 80 or 281 of the |ock keys

encaunt er i nfPad-bearring ipnrposese WEBhusasthehoppestitocdnds bbfwehed keys are
thereinto or pulled therefrom In fact, since the span of .the | ocking keys

{ in their oufbatbenegdoais iath 14&kaand ekédedandhéhentencharalil apurfaces ofe

wel | tubing, the keys will drag against the tubing during its entire round
trip into JMNBELLFecHSs\G6 agRnflatteasd dgoithe, areaskiddand: d 4bhdsee
| andi ng recep- tacle, the keys will be _pressed i nwardly agai pst fl at

springs 109?§%PFF fhe X If¥ﬁE§%%e§7§“£§&°ffBaﬁ§u§%9éh? cBORVER IENS
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in the | anding recepta are di sen- ‘gaged Trom

receptacle jdo{ilg.

N\, Lock keys 133 are normally in their expanded position but

,'may be moved inwardly as a result of the upper or lower cam
surface 280 or 281 of the lock keys encoﬁntering an obstruction
in the well as the test tool is lowered thereinto or pulled
therefrom. 1In fact, since the span of the locking keys in
their outermost 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 is 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 Sl in the landing receptacle, at
which time the keys quickly move outwardly under the bias of
springs 108 and the key bosses engage the recesses of the
landing receptacle. 1In this position, the recess 278 of the

key engages the land 52 between the recesses 50 and 51 of the



~

When the cable is tensioned, closing the test tool, pressure builds up
r]bel ow, ‘and the thrust created as a result of the increasing
ential pressure acting across the test tool increases
ritionately. The force of this upward thrust is transferred fromthe
el to the keys through the engaged slanted flat surfaces 146 and 142
mandrel and keys, respectively. Thils load is transferred by upwardly

rfig abrupt | ock shoul der 284 of the keys to the downwardly facing abrupt
stop shoul d&NSGHE WARERPEICHS ther | DMBr thacsest thee ] ahel SBeledat escédmﬂ@gn

the recesses 50 and 51 ig tgg | andi ng receptacle 22. Thus, the load is
transnitted thelPesSf e oARI YT e FEAGRRY o dddtlact e haVShare aijpsen-

Coads ar o PPRASH 1TER TPEnFEREHALE BFOEOLPNG el | fubing. i hrough ¢ he
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Forms t he HESES W bt ¢ HouParess Tt iers PHet PEc BpT 4ak| S Patededs 5o
P R LT T R
oL oS AL e R B St sona LaR el FQELOSRE, SR
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through the engaged slanted flat surfaces 146 ana 142 of the )
mandrel and keys, respectively. Ihis load is transferred by
upwardly facing abrupt lock shduldér'284 of the ke&sito the
downwardly facing abrupt stop shouldér 53b which forms the
lower face of the land 52 located between the-recesses 50 aﬁuj.
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 tranémit:ed 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 to the upwardly facing abrupt stop shoulder 53a
which forms the upper side of the land 52 between the recep-
tacle recesses 50 and 51, 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



Means are provided for retracting the keys 133 to release the test tool

wi t hdrawal fromthe | anding receptacle. Such neans includes a key
rettacting sleeve 320 slidably nmounted about the mandrel and having ca
surfaces engageable with correspondi ng can1surfaces on the keys. The carm
surfaces on the sleeve and the keys coacti/to retract the keys responsive to
upward novenent of the sleeve relative to the mandrel in a manner to be

descri bed: uAMaIdLY 188CiiadsfRAP iFh ¥R §deE 3880 Ofe th® &Y vi? e laaér and be
extenslons or mndﬁgwggg on its sides EFOVIdIn cam surfaces 332 which are

i ncl'kaed dRRARRS LnRash i PEER UROFVR S teféfmgﬂr%?kssé&ulmé
devi ce 24 qf S 2? 8 |s rOV|ded m% th,three such keys -133 but any
suitable n g?%y a88d| &?ﬁﬁ%ﬁﬁ% *anchor the device inits |

| andi ng receptacl -133. are tract by .the retr i ng_sl eev

320 seen in Fi gurpge‘%gngfga?tl n c%deeé £ 5 rgcﬁgﬂﬁl aY'lth ErE rrg ﬁﬁaase
plurality f d e r S 4 ese
fingers. belng g%ﬁQ? ?goghgg%uﬁL ock g@stgésiﬁégﬁt 'ﬁ££?§% %gﬁdreFQCh
The upper tdHar; 2 t e 5§§E? r
reduced portloﬁgzd%gia?g?hé ?o%éﬂgﬁﬁf |ggg §§ SO t g?LPge
100, its dawﬁerﬂhélﬁgﬁageatra&mlumﬁ@ecsmnsﬁekacesprew d &8tbe 132t h

bearing the slanted flat support surfaces 144 and 146 and passi ng between
the keys. Eaaltdspwedingicah SharfrieNcsnrthber¥es320The fcameshmfides on

opposed | ateral projections 334 whose inward upper corner
the sleeve and the keys coact to retract the keys responsive to
o | upward movement of the sleeve relative to the mandrel in a
ﬁanner to be described.

The key 133 is shown in Figure 5 to be formed with
lateral extensions or wings 330 on its sides providing cam
surfaces 332 which are inclined downwardly and inwardly and
lead up to a plateau or flat 332a.

The device 24 of Figures 2A-8 is provided with th;ee such
keys ﬁ3j but any suitable number of keys could be provided to
anchor the deyice in its landing re#eptacle 22.

The keys 133 are retracted by the retracting sleeve 320
seen in FPigure 5. Retractiné sleeve 320 is tubular and is
formed with a plurality of dependent finger-like projections
324, the number of these fingers being equal to the number
of lock keys 133 mounted on the mandrel. The upper tubular
portion 326 of the retracting sleeve surrounds the lower

reduced portion 206b of the lower body section 206 and also

the mandrel 100, its dependent fingers straddling the mandrel



i s/chayfered to provide a cam surface inclined downwardly and i nwardly as
whi ch coacts with coengageabl e cam surface 332 on the keys to

the keys and di sengage them fromthe | anding receptacle upon upward -
t of the retracting sleeve to release the test tool fromits

ed position in the receptacle for withdrawal fromthe well. Fingers
324 are also provided with |ateral projections 338 which coengage at al
times with stabilizer tabs 339 formed gg |l ateral sides of keys 150 adjaggnt
tneir upper ends, as snown, to help maintain tne Keys in proper positi

An exter@mojéuﬁwdnBSEBQsbpmmmu#xtm@ sh&ntedeflamdsﬁpﬁom@esﬁrﬁaéeas144
shown. Thread 335 pernmits the fingers 334 to be tel escoped into the

ret ai ner asidcel46 18ddt pasasing tbenwedrr tha kbgsthread 335 is well beyond the
thread of the retainer sleeve. The fingers are thus free to nove between
its |l ower positBash fhoger 323 iafs tippereposctioon sileevs B20eispformedd of
thread 335 abuts the_|ower end of the thread of the retainer sleeve. Thus,
upvar d nikidife RPRPSedclrteradi Rrajeetions PRAi wBeSeVHANATQ URPRECEPAGET
upward mgvenent of the retracting sleeve are provided and will now_ be
descri beds RiaRipEedeha BFoMide & reaRi ayripcevdngldned Joenvardyy and

t hreaded as at_340, and a_cap 342 having an_,internal flange 344 IS

t hr eaded iAWeF 4 e appet 336 &PHHHB?QE?EEt?ﬁ& sFS@@GaQﬁﬁé@@u?Pﬂn§Eﬁ§ﬁF%ﬁ
| ower hou5|n section 206 relative to retracting _sleeve 320 is |limted b
downwar diy %hbﬁYﬂeF°3$§ﬁﬁaq§w&Feb5ﬂ¥sség§|Gﬁ?ﬂﬂﬁﬁﬂﬁn¥¢ﬁ© ﬁSmuﬁgﬁ
end of cip 342 cont

nding tEQEHERE1E' U 0%48uph\?3/£‘39movezlng%%t o LR L YR S5 U
sleeve to release the test tool from its anchored poéition in
the receptacle for withdrawal from the weil. Fingers 324 are
also provided with ‘lateral projections 338 which coengage at
all times with stabilizer tabs 339 formed on lateral'sides ofg:}
keys 150 adjacent tneir upper endé, as snown, to help maintain
tne keys in proper position.

An external thread 335 is provided on the lower end of
fingers 334 as shown. Thread 335 peimits thé fingers 334 to be
telescoped into the retainer'sleeée'164 to a position wherein
the thread 335 is well beyond the thread of the retainer sleevé?z
The fingers are thus free to move between its lower position,
shown, and its upper position wherein the uppér end of.ﬁhread
335 abuts the lower end of the thread of the.ietaiher.sleeve.
Thus, upward movement of the retractor sleeve is limited.

Means for effecting upward movement.of thé retracﬁing
sleeve 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



jecting control pin 350 carri'ed thereby is captured insidé cap 342 and is
supp%rted on the upper end of retracting sleeve 320 and beneath the | owey
side ‘of the cap's internal flange 344. The control ring 348 floats in t
position and is therefore free to nove rotationally in a manner ‘to be
described herein- below. The inward end of“control pin 350 is engaged

control slotigreense3dded wies tRet BEpo@%t /IH LT c !

di ameter portion 206b of the | ower body ggitfgﬁqggg ﬁﬁ?%ﬁeﬁgnﬁfgﬁﬁﬁgﬁe'
mﬁthfh}thetnqnmwpodthmvaﬁenetoaclbngzsMaagiﬁgxgecegggvgbgp@gyagﬁvéI9+
means™354 is seen in Figure 8. In the device of Figures 2A-8, the contro
|ring 348 is georadedng tsleadwedBonisol ipiited by Wdwneatdall ¥ adidEhRdulder
120 degrees. Control slot neans 354 is simlar to that disclosed in U S.
Patent 4, 42640%4Qfsliprver et osprties 206orRkutireg ztige zagokyPend &£ f@ip
directing the travel of control pin 350 therein as the | ower body section
206 i s reci prickat el 8enkEed iTkng okB bamisgopdn Leas t i ome abdwaird lypparo -

val ve-cl osed posjtion. This reciprocation causes the control pin to advance
a few degr ed§HHA FABEFSAgRLRI 2P arrsiefl theredyt imotaptubed immdde cap
reciprocatigq, and,after a presef nunber of such recipro- cations, the
control pin3i‘® idPoift FHRBCS KNt kRe| gPReke p8 9F 15 pRAGELRES 63 elevEm 320
t .the test.too be wi thdrawn therefrom when

he | di i | |
the cabl o 2MRREdaeROEEE 1oktar Fiac 00 hBrecap) S i GRRRAL EbARERLGHS-

'zi g-zag horinzant | at sl at which.engircles the reduced, di aneter
iportion ZOGEﬁgovcvzdrn o§¥ gé@?i gr?%?)éoatrﬁiénsﬁbf‘s3§8““°“ and is therefore

U free to move rotationally in a manner to be described herein-

below. The 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

: N/ disposed within the upper po:tioh of retracting sleeve 320. A
development of slot means 354 is seen in Pigure 8;

In the device of Figures 2A-8, the control ring 348 is
provided with three control pins circumferentially spaced at
120 degrees.

Control slot means 354 is similar to that disclosed in
U. S8S. Patent 4,420,044, supra, ;nd comprises a continuous
zig-zag type slot for directing-the travel of control pin 350
therein as the lower body section 206 is reciprocatéd between
its lower valve-open position and its upper valve-closed
position. This teciprocation.causes the control pin to advance

a few degrees about the longitudinal axis of the tast tool with



Is formed with a nunber of upper or upwardly extending cl osed- end

. dinal slots 358 and an equal nunber of |ower or downwardly extending
di nal slots 360, nost of which preferably run out at the | ower end
§r body section 206 and are thus open-ended. Since three'control pins
goprovi ded, then three sets of uppet and | ower slots are provided to
fherewi th. The upper slots 358 are out of phase with the |ower slots
Q0 by ab@ACHneePdProrpd idinst otnd déteger drRscemwnseasoshewen Thesipper
358 are each formed with a guide surface or cam 362 at the right-fiapd
side of i CRTARA$ oFNBPERINTF Ahi BRI f A8ed NdPRATITIATY TR dC@USEhENIefiock Rys
Simlarly, each lower slot 360 is provided wth a guide surface or cam
[err] at tU3s riyneesFadedrad £entippirndidsviii@Piacee DpRAidl \ehendee ot
the left. It is readily seen that when the control pin 350 is in the
hori zont alteS1 ott B5BL affd *NE IRKE - RHTRF BPF Hhedovile &Rl §, 18haeyitn tingioned.
encounter one of_ the cans_.362 or 364_.and.will be forced to'the left and
guided into the %%?Féggoﬁ&f’ g 3PS %’ﬁ"smﬂlré'd&??ntar AT HRPEE ZrRadDe

d d h . d. Wi ’ i Ly h
fool i n aPOroda bl af PRIt RN SLHE 136erRers: SnSad T1F BreBRoRBrAPy G oup
are 1 dent ghialk due UHS LEDAT 90k NUPLA S0d902ecdilly APBC, ARES3R8d: a5¢

e ro Int

Simlarly, t weT ~slof's e correspondi'ng exenpl ary group are

identifiedsb ferenge | 36a0Qb d; , 3
! i fiedsbydhfad eweaﬁl g€ nRy Al 5r 3608e ¢ g@ un%@%jﬁ”&@@ ,.-n?‘egcit?yste?qﬁe

correspondi ng upper an ower cam surfaces 362 and 364 "are I ndica
referenceeRemMIA i tudinal slots 358 and an equal number of lower or

Y

downwardly extending Iongiﬁudinal siots 360, most of thch
preferably run out at the lower end of lower body seééion 206
énd are thus open-ended. Since three contfél pins 350 are
provided, then three sets of upper and lower.slots are proviq:}
to coact therewith. The upper slots 358 are out of phase with
the lower slbts 360'5y about one—nalf the distance beﬁween-slot
centers as shown. The upper slots 358 aré each formed with a
guide sufface or cam 362 at the.right-haﬁd side of its mouth or
opening which faces do&nwardly and to the left. Simiiarly,

each lower slot 360 is provided with a guide surface or cam 3 6’
at the right side of its open uppef end which faces upwardly

and to the left. It is readily seen that when the control pin
350 is in the horizontal slot 356 ané 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 thé

corresponding slot. Thus, the control.pin will always be

advanced to the



362a, 362b, 362c, and 362d, and 364a, 364b, 364c, and 364d, respectivel
Notice that | ower slot 360d is not open ended as the others but has a -
closed end and is quite short. The control pin for this group of slots
identified by the reference numeral 350a. As seen in Figure 8, ‘when the\ .
test tool is operated to lift the | ower body section 206 to val ve-cl osed
position (seen in Figure 8), the control slot neans 354 will be noved
upwardly while the control pins 350 mﬁlléﬁprnally remain at the |evel
shown.. Wen the test tool is open, as S¢ in Figures 2A, 2B, and 2C, each
contwel pin 350 occu an sl ot 358.. - For, exa assune -t hat the
(est ool 7 S i AL RiPeres . APGaaments 11t bRkt cEBRpFES ool
control pin 350a |sk ep%Fr s|lof 358b as shown. \When the cable 60 is
tenS|oned R %x?eﬂﬁ X8 9EET P st tool as seen in Figure 7, the
control sl ot ne fe3 Y y:LelLati t 5 .

fie %§ 0263 e g Vi feh eg‘%q(ﬁg egl%ugegfé YRen®iFiea

surface 364b MA eng e the pin and camit

rotating t A ggt;gk %&ﬁ%éé@%'yssénd3WB t§§ p gd>0a into

| ower sl ot ance upwar tive to control pin
350 t ]

pos?t?gne Hﬁg?QfEQ I%&%rid%y é %ggbq?at a(mﬂf¥%éé€%s?#€o§&%hgq%t
dotted |ingsdup lszéhqab%taelwﬂystmd webzbheel %ez%pé%@@Qa 38e8h. and

360c are open ended only to faciliitate assenbly of the control ring and
control sl3odpagndstgoa.t ha e\t rehe PEOeréBponding upper and lower cam

: surfaces 362 and 364 are indicated by the reference numerals
~ 362a, 362b, 362c, and 362d, and 364a, 364b, 364c, and 3644,
respectively. Notice that lower slot 360d is not open ended
as the others but has a closed end and is quite short. The
W control pin for this group of slots is identified by the
reference numeral 350a.

As seen in Figure 8, when the test tool is operated :o
lift the lower body section 206 to valve-closed position (seen
in Figure 8), the control slot means 354 will be moved upwardly
while the control pins 350 will normally'zemain at the level
shown.

When the test tool is open, as seen in Figures 2A, 2B,
and 2C, each control pin 350 will occupy an upper slot 358.

For example, assume that the test tool is open to permit flow

therethrough and that the exemplary control pin 350a is in

upper slot 358b as shown. When the cable 60 is tensioned to
~extend and close the test tool as seen in Figure 7, the control

slot means 354 moves upwardly relative to control pin 350a.

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



are preferably forned integral with the control ring 348 as by wel ding the
pi ns 4 n suitable apertures fornmed in the ring. Wien the tension on cable 60
¢l gxed, spring 220 and the weight of the tool string will nove the test *

omits closed position, seen in Figure 7, to its open position, seen
Yoy es 2A, 2B, and 2C. As the control slot nmeans 354 noves downward

dN\Ve to control pin 350a, the control pin noves, as it were, out of

| ower S8l ot 360b, comes into contact with downwardly facing cam surface 362c
and i's cammed to the left, rotating the&bontrol ring slightly and guiding
the cont rJ.Q.thP,' “tﬁ@EOFHEB%&n% UheBone B kR LAY éfi?ﬁh#t“ dng' W81 10P€N

agai n but the control pin has advanced 1n a clockw se direction from upper

sl ot 358lyujue3S8re pIR 880 Gntd Mawet shue BEA.eSSIsOMEHPt wiq1s! ot as
the test tool is opened and cl osed. \Wen, however, the control pin 350a
occupi es adpaics! @@wasaqF TRt tdedsherony gﬁfn t:{snsah!x@wﬁl Wheautsd he
t est 37 tool to be released fromits anchored position in the |anding
recept acltes2. tdal siscfuldybedasmsd, ashéheohtwel ddy will e poSitidned S
control slot neans 354 nove upwardly, the control pin, as it were,
| eaves uper Stipé BORdraend ofgBXer 360b [atcabdud tHdddyithbonsshbswe in
364d. Now, because |lower slot 360d is .shallow and has its | ower end cl osed,
further Kdotitiedy binehdg.l ower body section 206 and the-control slot neans
354 will cause lifting of the pin, and therefore the control ring 348,

It should be understood that the lower slots 360a, 360b,

and 360c.are open ended only to facilitate assembly of the '\J

contro; ring and control slot means since the control pins 350

are preferably formed integral with the control ring 348 as by

welding the pins in suitable apértufes formed in the.ring. "
When the tensioh on cable 60 is relaxed, spring 220 andid2

the weight of the tool étring will move tpe test tool from its

closed position, seen in Pigure 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 slot 360b, comes into contact with .

downwardly facing cam surface 362c and is cammed to the left, ~

rotating the control ring slightly and guiding the control pin

into upper slot 358c¢. fhe test tool is, at this time, open

again but the control pin has advanced in a clockwise direction

from upper slot 358b to 358c. 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

358d, subsequent tehsioning of the cable will cause the test



cap 342 and tubular portion 326 of the retracting sleeve. As was expl
her ei nabove, upward novenent of the retracting sl eeve causes the cam
surfaces 336 on its fingers 324 to coact with corresponding cam surf cesB
332 on the keys 133, causing themto retragt This retraction of the keys
wi || di sengage the key's abrupt upwardly fdcing shoul der 284 fromthe -
| andi ng recepttasile’ soalivaipt edewswdr df yof aditisy shonbedes Ei?:ksigmbx\i\ﬁ gdq per
the test tool ogut h cepta t_ Wi e readi -
under$t.ood thalt%%él%tﬁil Jf(éé@gcﬁié % erl'{gsolaoé‘f“r&{)sren op aus?éc@ﬁtaq} lg‘t’?\’é
keys i | | n&o%cé%éliplny %‘éGr@mdactléé teophept fs.nlcwasneaf’csr as4scoovas

they clear thegawaweys dlyhé acbRdralr Wik st‘ggjl whPat h Gept
test tool wll %ﬁl n%#ts upwar d 'fravel fj‘f‘eu'rvt)ﬂer ?8% % "@%(ferrs%g%%

that as soon @9 a@soﬁuﬂ%e‘keﬂrﬁtandf%rt hélgéal36t‘3idngb116@atﬂhe$~eb%¢©w

di m ni shes sufifei4a .enidw., méuf@rlﬁee2291%| |36©>&p61%d s&igd.lfm&/%r{c’?%ifg[’“ﬁis
body section t0|tsnrrra i ti ownwar, venegnt of the

| ower body segﬁl\%n c5iSes ERES cdnt &eﬁ tg %6\}89 a8ttt rerO¥fHmPody
shal | ow | ower ssicttic@602060 arie hbgt Qqarp!m'o]sl GtLod58neais chaSunopelilml atause

| ocat ed, rel atji;gl; i e a S n n that. o sl.ot

The control mﬂ% &? |Cgf a*tdqtghkJ Arﬂ? EBSQeFEgﬁ P%’r OHEPSE' r&&g
re-install ed CRAP B2 @G@pt%%limroﬁntmer 3Résps Ghet (Iette‘amttm asfﬂreefve)m
the well, as dgsiggd. ¥%§DalHSdCOWéf@inQvaéSoau#§?f3 tﬂ@v?ﬂgﬁg sbpt g3pda,

it is in position to begin_a full series of ose cyc
P retractin sleeve causes the cam surfaces 336 on 1its

. fingers 324 to coact with corresponding cam surfaces 332
-/ on the keys 133, causing them to retract. This retraction
of the keys will disengage the Kkey's abrupt upwardly
facing shoulder 284 from the landing receptacle's abrupt
_ downwardly facing shoulder 53b and will permit the test

S tool 24 to be lifted from the receptacle.

It will be readily understood that in unlocking the
test tool from 1its receptacle, the keys will not
necessarily be retracted to their fullest, for as soon as
they clear the downwardly facing abrupt shoulder in the
receptacle, the test tool will begin its upward travel.
It is further readily understood that as soon as the drag
on the keys and/or the seal ring 160 therebelow

W/ diiinishes sufficiently, coil spring 220 will expand and
move the lower body section down to its normal position.
This downward movement of the lower body section causes

the control pin to move, as it were, from
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the test tool before unlocking of the tool fromthe receptacle occurs. In
the test tool 24, shown, the test tool will be allowed four such cycles,
but i{f will release on the fourth tensioning of the cable. Actually, this
ws for installing the'test tool inits receptacle, ‘closing the tool to
A\t buil dup of pressure tnerebel ow, subsequently opening the tool for
repeati ng such close/open cycle two nore tines, and then tensioning
tfheYcgbl e the fourth time to pull the test tool from the receptacle. |If,
hawever, it is desired to reduce the mggper of open/close cycles to br|n
bout/ early rel ease of the test. tool fromthe receptacle, the pin 350a Can
At aFK?léSS'l tioesd $¥Pt ha68@ptopiting dreppevppeot s388 B&&r ovh bulerupger
the test tool intqQ the well. For exanple, if the control pin 350a initially
occupi es BpPEr 18| docahnd r tFelabivedynuriera @osities ddenticalediecthay of
one before auton%tlc rel ease_occurs. S|n1larg¥ if the pinis initially
F 2

I ogat eg |b‘|‘|p8$5e Otor3 e, The ﬁﬁﬁﬁéslofp’ﬁy abbﬁoﬁé F@Iléastfé-m I’;jn be
reduced o0 on, £, hAnSEER: Ot M M4 Pt 8B oL PR MBS S
the receptg lusgw}atee Yor fol 5 r%q%har;&ﬁn;gggt chd LG el testi ngs

apparat us | rated 1n gures 1- the maxi mu

limted by the Q g%%‘goﬁ{fbieﬁgnt%@0£n¥gk onag g¥ggke &@53 %h:ftas

| arge as it prac |cal y can cPoss- sect

compared {9 § RepELatI ot d 1ﬁr§afafu”§9em§ 8t bPEnyBIdsL c{y&clﬁ% St ©

or the tubl ng. |nce It 1S rab test nany we
the test tool nefore unlocking of the tool from the receptacley/

occurs. In the test tool_24,.showh, the test tool will be
allowed fod: such cycles, but it will release on the fourth
tensioning of the cable. Actually, this allows for installingﬁi
the test tool in its receptacl“, cibsing thé tocl to permit b
builéup of pressure tnerebelow, subsequently opening the tcol
for flow, repeating such close/open cycle two more times, and
‘then tensioning the céble the fourth time to.phll the test tool
from the receptacle. 1If, nowévet, it is desired to reduce the
number of open/close cycles to bring aboﬁt early release of th&‘J
test tool from the recep:acle, the pin 350a can Se initially
positioned in the appropriate.upper slot 358 before lowering

the test tool into the well., For example, if the control pin
350a initially.occupies upper slot 358b, the tool's number of
cycles will be reduced by one befd:e automatic release occurs.

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

the number of cycles before release will be reduced by two.



“at high withdrawal rates which exceed the flow capacity of test too
test device with increased flow capacity is needed. To provide such her

- flow capacity, a bypass type |anding receptacle has been provided and i j%
“illustrated in Figures -12. In Figure 9, a well 20a is schematically sh
This well may be identical in structure to the well 20 of Figure 1 exceps
that the landing receptacle 400 for receiving the test tool 24 is of the . .
bypass type for providing greatly increased flowrates. Al of the other
portions of the well and apparatus may "bdq7i dentical to those seen in Figure
1 ardjare identifited dyuider s808dr ehatente Hest dcol Thanappatairmedass in
Figure 9 is used to test the well 20a in the sane manner as was the
appar at us proWigie arly tredsshabbe nambez0.0f topErsiclesesedclespbetiorae t he
sanme nethods. This is true because the only difference between these two
appar at usesellieas iing tfiromn athié ngeceptprie automatidalllyfference does not
require a change in the operation or in the processes perfornmed, as wll be
seen. The nodifi d& fiw meddindsagnr sbast dal ¢hes wekh tesyingt appasiakius i n
Figures TOA OB, ICC, 11, and 12 where it is indicated generally by
reference hlAwsiirat@d imhiBigunesnd-Becépeadiaxiguyetate| 9LcEihpw $£0s ben had
upper sub 404 tel escoped into the upper end of the receptacle body 408 for
limted | oh§i dddiit@d DY khe horendfR afd thecdiesspiooy mandrel 180-] Mihdne
toward extended positjon. The upper sub 404 is forned with a,bore 420 which
i s enl ar ge8hafd bt"rfreea’o%cP%\slifggﬂsf ot RERSEHGALY FaPcPPondFS Cross-

sectional area is still small compared to the cross-sectional

_4a

— area of the bore of the landing receptacle or the tubing.
'Since it is desirable to test many wells by flowing them
at high withdrawal rates which exceed the flow capacity of test

tool 24, a test device with increased flow capacity is needed.

C

To provide such higher flow capacity, a bypass type landing
receptacle has been provided and is'illustrated in Pigures 5$-12.

In Figure 9, a well 20a is schematically shown. This

"well may be identical in structure to the well 20 of Figure 1
except that the landing receptacle 400 for receiving the test

U tool 24 is of the bypass type for providing greatly increased
flow rates. All of the other portions of the well and
apparatus may be identical to those seen in Figure 1 and are
identified by the same reference numerals.

The apparatus seen in Figure 9 is used to test the well
20a in the same manner as was the apparatus of Figure 1 to test
the well 20. It alsoc 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



end of the well packer 37 or tubing 35 as desired. The |ower portion of

the bore 420 may be enlarged slightly as at 424. The outside di aneter of

th pper sub is reduced as at 426 providing a downwardly facing shoul der

' r abutting and supporting the upper end of spring 412 which surrounds.
portion 426 of the upper sub. The sub is provided with an external
recess 430 spaced a short distance fromits |ower end. The | ower

t he upper sub is provided with seal surface neans. The outer cornrer
upper sub is chanfered as at 434" and t he enlarged | ower end ofggbre

mhlce |s re uce t re rm§h§ égggggajkpan é?g?g y nadgégéékﬁp?g?SSé
recei vingg Eg?oiﬁ%h nqﬁpswgfglgg thent.est tooI 24. Bore 442 may be terned a

full -open ore sifce 1t pass all standard t ool s designed to be run

through well tulneg gfaififedafBral 8¢ Aaddind e@é@&ﬁﬁhélqurse gédn | $n

provided with | ock recess neans 443 in the form of upper and | ower |nternal
annul ar rggeatey @eAAN HYSFPgared 1OAPVEOB! y1ood daynwadl)2 feiseng it
abrupt | ock shoul ders 447 and 448, as shown. Lock recess neans 443 is
engageabl gsbyndyathiB g¥néhallgsbyt edfexeios neneraabland. OclqrmﬂstmnaeﬁF
tool in position in the |landing receptacle while seal 160 of the test too
seal i ngl yreogpgaslichessertiably cbmpricids remlusppdebosabl4D4 rtehesoepgd
same manner as was described earlier with respect to test tool 24 and

| andi ng renéptabheuhpenfem&sofedhethedapta¢mm bédyhd 08e fopt dcimi bedly 408
may

X

longitudinal slzdzng movement and a coil spring 412 for bzas1g_;
them toward extended position.

The upper sub 404 is formed with a bere 4?0 which is
enlarged and threaded as at 422 for attachment to the lower
end of the well packer 37 or tubing 35 as desired. The lowe?*/
portion of the bore 420 may be enlarged slightly.as at 424.
The outside diameter of the upper sub is reduced aé aﬁ 426
providing a dbwnwardly.facing shoulder 428 fof abutting and
supporting the upper-end-of spring 412 which surrounds reduced
portion 426 of the epper sub. The sub is previded with en -
external annular recess 430 spaced a short distance from its |
lower end. The lower end of the upper sub is pro#ided with
seal surface means. The outer corner of the uéper sub_is_
chamfered as at 434, and the enlarged lower end of bere 424 is
flared as at 436. | |

The receptacle body 408 is formed with a bore 440 which
is reduced 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 |



=

be provided with a |ong shallow internal recess 450 spaced a short dist/anc
above the | ock recess neans, and a series of simlar but shorter reces
452 thereabove providing a plurality of internal |ands 454, thus form
“labyrinth indicated generally by the reference nuneral 455. The purpode)of
the labyrinth is to discourage sand or other solids fromsettling in awd”
around the | ocking keys and seal ring of the test tool which could cause:
difficulty in withdrawing the test tool fromthe |anding receptacle. The
recept acl e body has its upper portion enlarged in outside dianeter as at

460, _and i tsoher deblihhed tosbeppen Rariduygh e Bl 0edb figabfithe W Gfize
bore 462 is tel escoped over the |lower end of upper sub 404. A plurality of

| ug segnenas 464 irectppaske. | NBareukiddblis iprerided avduhal obRCeetess 4fdans
formed in the upper portion of the receptacle body and the individual
segnent s a#é3sdaurtde Homurefisuppér anhidedowerm ioetprmat annplalr irevesHes
and are enga ed in external recess 430 of the upper sub 404. The |ug
segment s afé4padid iddfeProvidingl upweddilyc @k siokdiwandl v 65aat ngha by
sub and recep- tacle body by inserting themthrough horizontal slot or
openi ng 4c¥otkr sbouldans 44T land 448, ascpharire. bdidycksrecensi meRingurdd 3L s
After each segnent is inserted, it is noved to position, and its screw 466
i s instal | eA9Ageabd® &Y tkey¥s pl 33 cof ThBEl k@ stefinak 24680 hoe leasabilye
equi val ent _of an internal flange and, being engaged in external recess 430
of the upptPCkapg jtherfash it} olinj RPeitdion iR thmglanding reseptasle
bet ween t he er syb d the receptacl & hody. The receptacle body is
whggg seéi f%b og]the tgst tool ééalingly eﬁgages theyinner
N wall of smooth reduced bore 442 in the very same manner as was
described earlier with respect to test tool 24 and landing
receptacle 22.

s If desired, the bore 440 of the receptacle body 408 may
be provided with a long shallow internal recess 450 spaced a
short distance above the lock recess means, and a series of
similar but shorter recesses 452 thereabove providing a
plurality of internal lands 454, thus forming a labyrinth
indicated generally by the reference numeral 455. The purpose

. of the labyrinth is to discourage sand or other solids from
settling in and around the locking keys and seal ting-of the
test tool which could cause difficulty in withdrawing the test
tool from the landing receptacle. '

The receptacle body has its upper portion enlarged in
outside diameter as at 460, and its bore 440 has its upper
poertion 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 suitable internal annular recess



snown i.n its |owernost position relative to the upper sub in Figures
0C, being biased to this |owernost position by coil spring 412 whose
~egnd bears against the upper end face 470 of the receptacle body.

W.peN r\ ngs 472 and 473 are carried in suitable internal annul ar recesses
fo gggpin the receptacl e body and engage the outer surface of the upper sub
no to discourage detritus, debris, or the like, fromentering and

f ouN_ng' bet ween these two nenbers and cgusing undue difficulty in Py

operation, but also help to centralize and to guide the test tool, ’ jf)
e

especi al | yebn ebenield GLPEHl ABIEE SpBUEN P Ao EHE LABALRAILCYYAF! fna TOR

receptacl e y IS thus prov l'atera ypass port nea

al | owi ng ﬁ?bk"ﬁhuia(is\;ﬁ"%}fﬁ 4PEOHEBUIreY HScrews! hedNd UK O.L..Lgleet ost

surface through the ng 35 wthout having to pass through t

tool 24 aééeﬁualass?qu@wsm&émysaaantarz@ |t dyedNent exicelrd) FuLEge be
r

turned on and off omthe surface in a manner soon to be expl ai ned. The
recept acl £3006y thepuppededsuid t$04. pl Thal ilug Fegmentisf arenpiosiltyi omped etin
| ateral flow ports 480 which are preferably el ongated, as shown, to provide
greater fthev alédgneldenreidesned. 4I0candl 468 i ttsher eppecasat iand hedapwer
portion of enlarged bore 462 of the receptacle body, and, when the
recept acl eabddybodyi by tindexeimgsthpasithirongh Heor bpensalpsildios 480 epening
approxi nately even with the |ower end of upper SUD 404, as seen in Figure
| OB. To 4ékefpgppdadvartteyerail 9 ghearedeptasle bedpyonss see® in Figure
| ongi tudi nal groove or slot 482 is aligned with each lateral port and
extends f¥dm tA&tegpeach segment is inserted, it is moved to position, U
and its screw 466 is installed to secure it in place. The lug
segments 464 thus form the equivalent of an'intefnal flange
and, being engaged in external recess 430 of the uppef sub, .is
effective to limit relative longitudinal movement between'thé&-f
upper sub and the receptacle body. The receptaéle body is
shown in its lowermost position :elatiéé to the ﬁ-per sub in
Figures 10A-10C, being biased to this lowermost position by
coil spring 412 whose lower end bears against the upper end
face 470 of the receptacle body. w
Wiper rings 472 and 473 are carried in suitéble 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 éausing undue difficdlty in operation, but also
help to centralize 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 allo%ing well fluids to enter through its side
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"end of the port to the |ower end of enlargenent 460 where it runs out as
shown. These slots 482 are particularly desirable in cases where thereg
a lack of generous clearance between the outside of the |anding recept ag
"400 and the inner wall of the surrounding casing. Below the ports, the
receptacle body is provided with seal neans which are engageable with t
seal neans on the | ower end of the upper sub when the receptacle body is
nmoved, as by tensioning the cable 60, to,7ts upper position, not shown, to
closesthe lateral ports 480 and stop fl oW t here- through. The

justesenti Qaad A FESESthS tReCkAHEY Je PEVLEGH eﬂeawgqggrtg%ﬁhn%eﬁ ageeRLEL

I nsert as shown. The receptacle body is counterbore 8

provi ding aawimepreld Ypaasi earohgnl ddfe 4s@nEobs DU BIRRUUINAIAW I BFpASs at

486, providing an upwardly facing shoul der 487. An annul ar val ve insert

488 i s di sgaesd i contieibegebdSinanctdst ptowl degfdvehah desarirried faeearddO
which is inclined inwardly and upwardly and which is engageable with the

seating subfffFceE kb thiet Serbpper inula mMmamiesesébn tat BealexprdineB0 when
the receptacle body is lifted to closed position.

Q A hollow pin, rmie petepdacienbbdy decprowidedneidf2al pldirgioised ofh a

| ateral aperture of the receptacle body, and its inward end is engaged in a
sui t abl e extiecuslf emeressal by negaced: iateatak fhowrpos88. 48Dhaevlriedessrof t he
insert is wider than the pin 492, thus permtting a snmall anmount of

| ongi t udi npreferatdt olongated|,vesi shawn s daiprevidesgoelader £pwiarea

receptacle body 408 , this shoulder Iimting dowmward rel ative
therethrough. These flow ports are located in the lower

- portion of enlarged bore 462 of the receptacle body, and, when

the receptacle body is in its lowermost position, the tops of

ports 480 are approximately even with the lower end of upper

<;> | sub 404, as seen in Figure 10B. To take full advantage of the
great flow area of ports 480, a longitudinal groove or slo= 482
is aligned with each lateral port and extends from the upper
end of the port to the lower end of enlargement 460 where it
runs out as shown. These slots 482 are particularly desirable
in cases where there is a lack of generohs clearance between

o the outside of the landing receptacie 400 and the inner wall of
the surrounding casing. '

Below the ports, the receptacle body is prbvided with
seal means which are engageabie with the seal means on the
lower end of the upper sub when the receptacle body is moved,
as by tgnsioning the cable 60, to its upper position, not
shown, toc close the lateral ports 480 and stop flow there-

through, The just-mentioned seal means is preferably provided

on a separate, replaceable insert as shown. The receptacle



novenent of this insert. The upper portion of valve insert 488 is enl arged
Iy ept si de di aneter as at 494, providing a downwardly facing shoul der 495

ul ar space is formed between the upper end portion of valve insert

d the wall of counterbore 486. Since the valve insert 488 is novable
tudinally, its external shoulder 495 noves toward shoul der 487 of

t heeecept acl e body when the valve insert noves downward relative to the
receptacl e body. A resilient seal ergY498 is carried in and ) g_g
substantiald y Jfjl aL SRICE 4 4S ' ahaqut e ao Jte)
val ve mg’grdtnyBdSé%%ﬁgﬁggmgpgahéﬁ %hacgeﬁée%'e- gsc;{,%agggyg?’s qéﬁ%ﬁoﬁ?ggﬂg

cl osed pQsfity S fage t IR LASET, ' a : LAY
curace’ TRgUINE SRPL SHA 35° LRIt CUuiEEBol Bals A £ PEosEa1hg

| at er al r h p Vag$ | idbednh NSJ 01y 05 a 60
and |i ft?&gh’?ﬁghe]é{ ?%%Fﬁgntéﬂ%&lg t e‘ree-lp'n V\élil“l g,ngty‘;t%%e%sag'?e&?ﬁ r&r%@fzfoglhgg
the test ikodispddes fhlcblinverboredgeani@viseprovidearPadich i fdeat

ential pressure quickly devel ops across the closed tool and receptacle,
gener at i g r¥REd ddrvricnThES indlitedubteard D¢ aadcRpAE A PPYndI gheeh
into nore intimte contact with the upper sub and causes tne valve insert
488 to niee engmyehblei vith theulséart iyl sudSatei 436apiferthe dppenr gl to
facing shoul der 495 on the valve insert' is noved toward shoul der 487 at the
bottom otlesa t88.1avetrailspoutsed 8l whémveheppeteptaallesdmdyloBsi Fifted
conpressed, displacing sone of its materi al _

to closed position. _ \.)

A hollow pin, roll pin, or similar securing means 492 is
~disposed in a lateral aperture of the réceptacle bcdy, and its
inward end is engaged in a sﬁitable'external recess formed. in N
the valve insert 488. The recess of the insert is wider tbanwij
the pin 492, thus permitting a small amount of lonéitudinal
movement of the valve insert relative.to shoulder 484 of
receptacle body 408, this shoulder limiting downwafd relative
movement of this insert. |
The upper portion of valve insert h88 is enlaiged in k.)'
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 space is formed between
the upper end portion of valve insert.488'and.the-wall of
counterbore 486. Since the valve insert 488 iS movable 1bngi—
~tudinally, its external shoulder 495 moves toward Shoulder 487

of the receptacle body when the valve'insert moves downward

relative to the receptacle body.



‘upwardly to engage surface 434 on the | ower end of the upper sub and to
cover the crack at the interface of seal surfaces 490 and 436. Thus |ea
t herebetween is prevented. It is now easily understood t-hat when the t
“apparatus is in use, the cable 60 is tensioned to both close the passa
t hrough the test tool and lift the receptacle body to its upper positi
closiing its lateral ports. Thus, both are el osed by tensioning the cab
t hus stopping all flow of well fluids in%g t he wel | tubing 35. To o
the test tool, the cable is relaxed or slhacked. The test tool will open

i mredilatel y as t l7e wadi Biést sbaaked ingf 1498 e lgabeLedseénobndhasusEtdie Dilly
the tool string and the |oading of spring. 220. The | andi ng receptacl e,
however, WELLlsotthepeamnwuiedi spaty Jssthdefasied atboopenhel Lppee wmsof e
beneath the test tool exceeds the pressure thereabove by a considerable
anount . Thivslve liasarte 488, aagaskewhed bhen theal recepsacled489dynd ssekifted
498 is quite large, and the | oad of spring 412 conbined with the wei ght of
the entiretpodlts Qleised iposhtion) cheat sugfaan d90thE thecypilad dnsrly

to open position until the differential pressure thereacross is reduced to
about 60- 1488peRnIRsqfersarfutn® swehare28367030 hrankower capd edpdid NPRrREON
the |l oad of spring 412, the weight of the toql frain and test tool, and

the area s€HPednsy stAPSdowoBreugpndateda s RALks n§8Qeal Thes rieseptarle

square Tnclics, (40 3L AGFT A0 L06,1030 90 WLLY 0203 130108 Bhe oot

tool anchored therein while at the same time closing the test

KJ’ tool. Thus all flow through the device is stopped. Differ-
ential pressure gquickly develops across the closed tool and
receptacle, generating upward thrust. This thrust pushes the

N receptacle body higher into more intimate contact with the
upper sub and causes tne valve insert 488 to move toward
limiting shoulder 484. As this happens, dowhwa:dly faczing
shoulder 495 on the valve insert is moved toward shoulder 487
‘at the bottom of seal 498. 1In this manner, the lower portion
of seal 498 is compressed, displacing some of its material

N, upwardly to engage surface 434 on the lower end of the upper
sub and to cover the crack at the interface of seal surfaces
490 and 436. Thus leakage therebetween is prevented.

It is now easily understood that when the test apparatus
is in use, the cable 60 is tensioned to both close the passage
through the test tool and lift the receptacle body to %ts upper
position closing its lateral ports. Thus, both are closed by
tensioning the cable, thus stopping all flow of well fluids

into the well tubing 35.



tool train i

K

s 100 pounds (45.36 Kg), the differential pressure at the

time of, opening the lateral ports of the |anding receptacle wll
approXrpgte (450 + 100), or 6.25 88 poungds per square inch (6186 gramns/
cn. ) in operating the test apparat#és<seen in Figure 9, the tool i
cl os By/ t ensi oni ncab h closes t ooI 24 aliso
the r gt acl e bogggt%ggfosehghegbééas%9§ort§h? ﬁ FFOWf%ngea off,
wel | vssurélbskﬁés dnieckisst nted MEFP pees &ﬂmﬂﬁ%ﬂkﬁkmmﬁ%rtgq cgble

the vell to §Low13ekied stmﬂwanvﬁ vseééugaowfd e Gldrpt Jf‘et}?@bJ'Soi
then slacked to permt the weig ag he tool, ‘train and test_tool

spring to op8KTERE t &84 t dore F#%

tRén ngeé”"ﬁllé’(?e t4Abught e 12rding

bore only apdcebithlcd®, pheseves, akoie hdbe dwkermme‘d!l@teﬁﬁeas the

differenti al

h | h
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the. wei ght
receptacle s
body to its

ekcekdst adle (pr@sswoebthedeaboiet by boa@nﬁldénadkauhmgpnt
B89 1A £ 008N £hAS DAASTRILAS LYY {1 Cbgg g64°
en be reopene

owernost positron. This wng va

permt the wahh @Y 8TheIQHkﬁ%mﬂaéﬁépté§ﬂeﬁh?c#oiﬁggﬁespnﬂngtﬁbZ

bypass | andi ggnBiipRlae ¢9noferd gweqs;rﬁ 18fargnbecassard | kdAcakedhel pw the
packer in the nmanner before explalne

insufficient to force the receotacle body to open
position until the differential pressure thereacross is
reduced to about 60-100 pounds per square inch (4218-7030
grams/sq cm), 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 square inches (40.31 sq cm) and the locad of spring
412 is 450 pounds (204.12 Kg) while the weight of the

tool train is 100 pounds (45.36 Kg), the differential

pressure at the time of opening the lateral ports of the
landing receptacle will approximate (450 + 100), or

| | 6.25

88 pounds per squaré inch (6186 grams/sq 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
body to close the bypass ports., With all flow closed off,
well pressure builds qulckly in the well bore below the
packer 37

To cause the well to flow again, hé wing valve 44
should be closed. The cable is then slacked to permlt the
weight of

sq
S
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In sone 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 previous
instal | ed packer, such as a permanent packer, therein, or in cases wherg
is desired to renove the |anding receptacl fromthe well upon conpl et
of the flow tests but |eaving the packerki_ the well for further use. The
well illustrated in Figure 13 and indicat'ed-generally by the reference
numeral 20b is ‘%‘Q/veltpogtr\'ﬂé%hl’rlec@%chelsitket@@b weirligg20tands®a doecrt et
her ej,fiabove but-duas. armedi firadh f eareef Jndasschabdhng crecepsae! € 0330 pore
Iocatked above the well| packer, 37a. The wel| packer may be run on the wer T
tubi ng and set 9 %h@'ﬁ’gué’lulﬂﬁ‘?neﬁreérs’“‘irte nBPWE r GReandRskersepdPabel $heas
are drillabl e gadderrentiel paekasurmy Betdhgexastbsg patkercset S88Et i 4k

revi-ously. T I £ for f .bypass, | apdi receptacle 500 is

!OI | ustrat gd i npé%glfuér}g %9 fﬁ“ﬁ g’ bg;e)g‘]ége?ar% nﬁb?‘égeﬂ‘tr&gcl%o‘?‘g‘%? ud&s FHRET ng

502 connect ed iimah t hE03Qbgrgmstsangm@S es thewn. tﬁleij.sveh'ngls& ngfcmrmprltsml?
in body 504 wi I e [ 6 nect e eto

mai n body Wil HPESRL 2REa! Q¥ epfeP 18600 té 0 .§Q§d?§ ngrcegd%é]%‘ﬁelfee

as shown. The upper end_piece is connecte ubing s . ;
the lower end FIFECEd s LGt QPT rideths PYRRSAi @PLYS t Ih rfdnsing altiye
connects to pachkiegiétle ThicBymeass Yoyl dibke FREEL CasESi PEoR. | OB O 5 a

[ [ whi ch woul ¢ be inserted in the packer bore
mgﬁe{ hze?{]bimngpal%g/ g4r4I Ej'ﬂ‘h&?‘/r let'::}'lfeeﬁ be reopeneg t0 permit the well F%:o flow.

The landing receptacle 22 of Figure 1 and the bypass

landing nipple 400 of Figures 9-12 are necessarily
\;f located 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
ey as a permanent packer, therein, or in cases where it is
S desired to remove the 1anding'receptacle from the well
upon completion of the flow tests but leaving the packer
in the well for further 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 has a modified form of bypass landing
receptacle 500 located above the well packer 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 existing packer

set sometime previously.
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place in the well, or it could be a well packer. Inside the housing

nodi fied bypass |anding recep- tacle 400a is attached to the |ower ,
upper end pi ece 506 and is suspended therefromas shown. Tne upper *
4D4a of the device 400a has had its upper end nodified for such

chnent to the upper end piece 506. No other nodification is neces-
Therefore, the renmai nder of the bypass |anding recep- tacle 400a is
identical to device 400 seen in Figur 3$9-12. In using the device 50.0 qof
Figure 14, well fluids flom1upmardly gh ough the seal nipple and/or |oggor

?:’Sw?gan}{‘aé’“&ﬁéﬁ’a“ﬁix% AoEEER BEopvBARs AdhE, FérgBEacTa E“a?zo'f
420

(hot onoyfiygR-iiida 3 Fiduiec RYP™: &%?M%’ 1?ﬁ91é§§?5%§ R 120 0

be u“derfﬁ 2da s@atag@}ﬁes 4§§tca§ggc%%asi ﬁeﬁng rﬁpt .b.%rnq{ e a5

bypass Ia ' ng rece a and t S open O permt

flow t heél@éhﬁougﬁ'hzw%d@éﬁaé)fcéﬁzfl‘vx%%o%g'ﬂ:atxf}?tl%]&éi §69! wEoRD @%&rwﬁat he

rate of flow through the |lateral Tlow ports of eceptacle i eferably

at 'eastl ae' eh@ yg%a‘ OVEFAPAGaT ¥08f oy bﬂEéz Eot gg SRERRT.AC ehe

W t hout test t | sposed therein. However, ouI be further
underst%ébabnhhgzw {£SdohROELEA &dN e1lee td&?ﬁg senxgr ﬁlsnf&hﬁeze&he of
well tubing. For instance, a test tool built for use in 1/2-inch (6.3

cm) nom N@dek UBNAY piRtdE sISEshhéctadito wezfs ST wWhich in turn releas-
ably connects to packer 37a. This means would in most cases be
a locator sub, a packer seal nipple, or the like, which would
be inserted in the packer bore when the tubing 35'i5'lowered

into place in the well, or it could be a well packer. _—

Insidé the'nousing 504 a modified bypass landiné recep-
tacle 400a is éttaéhed to the lower end of upper end piece 506
and is suspended therefrom as shown.  The upper sub.404a of the
device 400a has had.its upper end modified for such attachment
to the upper end piece 506. No other modificatipn ié neces-
sary. Therefore, the remainaei of the b&pass_landing recep-
tacle 400a is identical to device 400 seen in Figures 9-12.

In using the device 500 of Figuré_lq,_well fiuids flow
upwardly through tﬁe seal nipple and/or locator sub 510,
through lower end piece 508, and into housing 504. Fluids tﬁen
flow from the interior of housing 504 into the lower end of the
test tool (not shown) as well as int§ the bypass ports 480, and
into the bore 420 of the upper sub, then through the well

tubing 35 to the surface.



3-inch (7.62 cm), 3 1/2-inch (8.89 cn), and virtually any larger size. In
such cases, the bypass | anding receptacle 400 or 400a nust be nodified by,
enl argi ng the counterbore 483 and everything thereabove while | eaving
everything therebelow to fit the test tool 24. The flow capacity of the

| at er al flow ports 480 should in mokE\ cases approximate the flo
capacity of the tubjngs15658aRQVELIVENELS' efl, AOL ¢Q l.d be
even larger to decPiepassé gt Pﬁie %eﬁ‘g‘ency %?d %Eg fﬁ%\ogv'\fD ‘f%é ac l]atteooltnﬁgg

receptacl e to ByphRsPERESi i pdiiReHNO fediri AYPYSS nlanddage asesemirer bes he
tubi ng”bore i sovichr! @RS hhan K kesePt@sdE HQr eopdhe dPShet@Qh 261 6@N

be used to control extrenely high flow rates through these |ateral ports
sinmply by ten&%ﬁﬁ%ﬁjﬁ%‘éﬁ el éﬂ]%grﬁﬁé c%gl e IAv withg quahe &beachestt otedk

test tool. Thecerdirresl opetiat che antd hef melLbadswdvudh Cﬁﬂebﬁaﬁ%rrfﬁqr lr@ﬂoa b@y
such apparatu exgc f.ore expl ained. Furt he It shou e
understood th toaﬂt’tﬁse %gs%{"%ogi%c%%ct&qelcﬁ f')? 35?%?58}’1% artljni?ﬁfg EWEL h a
slick, -singlethstrihdw fdapadley cdhvehei oopén rmreonductde, nddeptddiees in
whi ch case a U4 ongle seldgcontgine Jé%?%" n - urefﬂﬁg ul d; be
attached in tﬁ@%}%ﬁﬂgl t rain Sié;sherrgg?c}ve%olr e éc;)iw t h%r‘f%s " too .Q'Ie\rllp'suc -

" case, the dat &Rt dedl ByrthergagdesaiaPdhethetr the @ARMPrbeetssdodnl s

after the gageaws geet nigued {4 0mipeingl | sikbsi soROWdnder siandapl e gdat
through use of, a bypass landing reqefiad e guch as the bypass landing
receptacl e 4067&* ' °© ¢ in (6.3
cm) nominal tubing can be used in larger sizes such as

S 3-inch (7.62 cm), 3 1/2-inch (8.89 cm), and virtually any

larger size. In such cases, the bypass landing receptacle

400 or 400a must be 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

épproximate 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 larger 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 line

attached to the test tool. The entire operation and the

methods which can be performed by such apparatus are

exactly as before explained.



500, a well could be tested by attaching a recording pressure gauge to the

| oner eng~of a suitable ancnor having | ocking and sealing neans tnereon,

| owering sich anchor and pressure gauge into the well on a flexible |ine, -
g | nstance, a conventional single-strand wire line, |ockingly

y engagi ng the anchor in the receptacle to effectively plug the

pelow its lateral flow ports, flowng the well through the

ow ports of the receptacle, Eﬁnsioning the flexible line to |ift

t he anchor and main body of the receptacle to close the lateral flow pgrts

and shut-in theFwetherpelixishpult pe cuNBRESLtPRE &k ot neshe tioatler

flow ports, releasing the anchor and renoving_ it fromthe recep- tacle, and

recor di nGonidr ptEsd@Féseel &F tAHD Wb EopackeRr ldemn iy Sbigk theipgde~i n and

the flow ng periods. O course, if the anchor includes no neans for _

equal i zi RFEAMEs U £8%XERdLa- CANVARE 19Ra Y PENEEORGMEERR y W BT R qddRieze iduch

h i i he wel |t ubi b h h b
oot ng T ST epePRPS SR 13ne £ e b 2o B ARRER: (&9 i1 0% PRESEYCS,-

I I h | gh f.th . ' | . h d
open t he PATMS1Ho 83;?&?*{%’@ %‘?é%gaﬁl‘égrgfgﬁééatl&%%fé%ggiﬁﬁ below
- 1 ql e- !
Gauge. “a AR br SPPhe cott §50 et i FnesPErE Fed LERE b TosRE BRYE
ool L 2ida.si% 5L of £ xRk Le Jlc 98 48 oYkt B0LF IS TEAVE g0ga0%d 11

and effectively pluggrng t ormtes tions as

j ust exp@@€p¥gvéﬁ EPYRSEhe Welych case, the anchor would be provided with
a fl ow passageway k_)

It is now understandable that through use of a bypass

landing receptacle such as the bypass landing receptacle 400 or
500, a well could be tested by attachihg a récording.pressure
gauge to the lower end of a suitable ahénot having locking ané:}'l
sealing means tnereon, lowering such anchor anc pressure gauge
intc the well on a £lexicle line, such as, fcr instance, &
conventional singie-strand_wiie line, lockingly and sealinglv
engaging the anchor in the receptacle to effectively plug the
receptacle below its lateral flow ports, flowing the well
through the lateral flow ports of the receptacle, tensioning ~
the flexible line to lift the anchor and main body of_the
receptacle to close the lateral flow ports and sh@t-in the

gell. relaxing the flexible line and dpehing the lateral flow
ports, releasing the anchor and removing it from the recep-

tacle, and recording well pressures below the.weil 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 be necessary to equalize such pressures by



“for conducting well fluid pressure fromtherebelow to the sensor neans
the tool string thereabove. Thus, it is seen that in the two instances |
descri bed, an anchor suspended on a flexible line and | ocked in the
Teceptacle was used to close the lateral flow ports of the receptacle an
that pressure sensing-neans, either the recording pressure gauge or the
signaling sensor neans, was associ ated wth the anchor for recording well

pressure bel ow the anchor during the shnggﬁn and fl ow ng periods of the

testing operation. . Thus, it has been shown that |nproved test apparatus. has
beorpt ovi dRAE ST W 24 08h t0Es Mol R 1Y | SORUPAENE. BRCEOZsiARy Bhe BHERF HE

h |1 ] | ' f ' . that .th
be. opened dP KTGeEASREAERD BF (3ikei D SEE St F AL asPRg SR MBLSTE Gy WhECFe"
it I | (Y , - LRt

close the weITs b Sty ERE, WAoo (PP CEVBE BLeths Ry ok IR fchor

that the t%m@mggr,ﬂ%?c%p‘ebqa%md m%gfgg_any nunber of cycles; that

after a preset cycles, the test w il automatically rel ease

fromthe receptacie, ;gibhigh Lilaeldduliguiie Enlt! IRsvRbl Y L¥iddEEaH fen-

re-installation in the receptacle for cycling; t hat ans are

provided tq iBdd N Zen§ne-seirinane idfe Sk SEH’aSrelbriifg y%sﬁnwtgé\kfe,
test tool which mght make it difficult to operate or to wi thdraw fromthe

receptacl e.a ldondu®bytolsnehaboulld Ibe tlsed 68ithoolgRd1aRd Sehdoandidkhs in
receptacl es 400 and 400a are opened by tensioning the flexible
the tool train as before explained but with suitable anchor

k/, means engaged in and effectively plugging the receptacle, to
perform testing operations as just explained. Of course, in
such case, the anchor would be provided with a flow passageway
for conducting well £fluid preséure from therebelow tc the
sensor means in the tool strinc thereabove.

Thus, 1t is seen that in the two instances just
described, an anchor suspended on a flexible line and locked
in the receptacle was used to close the lateral flow ports of
the receptacle and that pressure sensing' means, either the
recording pressure gauge or the signaling sensor means, was
associated with the anchor for recording well pressure below
the anchor during the shut-in and flowing periods 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
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line and are closed when the flexible line is relaxed, they could be
constructed to worK in tne opposite manner, if desired. The foregoing
escription and drawi ngs of tne invention are explanatory and illustrative =
and various changes 'in sizes, shapes, and arrangenent of parts, as

as certain details of the illustrated construction, nmay be nmade within
ope of the appended clains wthout departing fromthe true spirit of

t R i/nventi on. CLAI M5 1. A test togh for testing a well to be run gn a
flexible line and anchored in downhol e Téceptacle neans in a flom1condquor
therein fboweordr dritogtiié omel by otiphtti,hoddawse wtiucher absdiid vt ad dpamg
openabl e and cl osable by tensioning and relaxing the flexible line to
pernit anangrchioisiet tHewe hkr éhhsuohh masmiet t ord r haws ngeatf mewhrais agen f or
conducting well pressure fromtherebel ow to pressure sensing nmeans

t her eaboveeathririedvodt; sthatt tbe teslt iapparaties weah, behepemedharad
receptacl e_having a pair of internal annular recesses providing a pair of
oposl t el y©1@8RAg 3y UpimbetoShelirdess thateRfiterna BEpgetecdumbey of
conprising: a. t ubul ar mandrel npeans having | ateral flow part nmeans near
its upperC¥fdesh. the dasket@ohpdiidd astomatiqably Fekaadrefroduthend
configured to engﬁgf sajd pair of recesses and.said pair_of oppositely

f
faci ng | oERCEREAFHEs & HFReF of abwHASPE rasddnitra® Haneellapd E&Fs bei ng

nmovabl e :
immediate re-installation in the receptacle for further

cycling; and that means are provided to minimize the éettling, :
of sand, debris, or the like, about the teét tbol'wﬁich might
make it difficult to operate or to withdraw from fhe receptacle.
1t is obvious that while the test tooi 24 aﬁd the landing
receptacles 400 and. 400a are opened by tensioning the flexiblc:}
line ané are closed when the flexible line.is'relaxed, thew
could be coﬁstructed'to work in the opposite mannef, if desired.
The foregoing descriptibn andldrawings of tne iﬁvention
are explanatory and illustrative dnly, and various éhanges in
sizes, shapes, and arrangement of parts,'?s Qell és'certain :
details of the illustrated constrﬁctidn, may be made within thé"
scope of the appended claims without départiﬁg frém the true

spirit of the invention.



-between retracted and expanded positions; c. means bi asi ng said key
outwardly toward expanded position; d. key retractor sleeve neans
slidably nmounted on said tubular mandrel nmeans and having cam neans t
“engageable with said | ock keys to retract themto unl ocked positio
responsi ve to upward novenent said key retractor sleeve neans relative
sai d tubul ar mandrel neans; e. control ring means rotatably carried by -
said retractor sleeve nmeans and havi ng |ﬁMardIy projecting pin neans fixed
thereto; f. t ubul ar body nenber means havi ng means on one end thereof for
conmgption t o GAdh®luct or cable or wire line and having its other end

t el escoped over tne upper end portion of said tubular mandrel neans for
limted | ongitudinal novenent relative thereto, said tubular body nenber
means having its | ower end portion reduced in glaneter and tel escoped ir.to
the upper erd portib®Sbf tQSEdeé'y testing 4 ¢ %vE°n€8n§”"s§I’Uareﬁj£@éH

di aneter portion of said_tubular ans beln forned W |

control slot nearst?®raRdcaRFhRSS %P;H%V?ﬁ%?gcffﬁﬁp Fhmfﬁqﬁwﬁ%a?dfl°w

e R e A B 19

menber to bellftégkéuc£8§,ugg§5 Jgf églﬂésopenable and closable by

tensioning and relaxing the flexible line to permit and
prohibit flow therethrough, said tool having a flow
kQ‘ passage for conducting well pressure from therebelow to
pressure sensing means thereabove all the while said test

tool is in the well, the downhole receptacle havihg a

pair of internal annular recesses providing a pair oi

opoositely facing abrupt lock shoulders therebetween,
said test tool comprising:

a. tubular mandrel means having lateral flow port means
near its upper end:;

b. lock keys mounted on said tubalar mandrél means and
configured to engage said pair of recesses and said
pair'of oppositely facing lock shoulders in said
downhole receptacle means, said keys being movable
petween retracted and expanded pdsitions;

c. means biasing said keys outwardly toward expanded
position;

d. key retractor sleeve means slidably mounted on said
tubular mandrel means and having cam means thereon

engageable with said lock keys to retract them to

e

'\_{lil\lllll I



travel wthout lifting said key retractor sleeve, said control slot neans
havi ng at | east one short closed-end slot leg for engaging and lifting said,
etractor sl eeve neans, -said control slot neans being so configured -
ach time the tubul ar body menber neans is lifted relative to said

r mandrel means, said control ring indexes and causes said control
advance to the next control slot |leg, said tubular body nenber neans
ha¥ ng wi ndow neans alignable with sai &4 1ow port means of said tubul ar.

S TR S R R B kb N e
t .
oy Luoular el gy 800 S8 e Spgn JRRBCLTRATS 1 g o

and h. neans on sai r rgl . engageabl e with said receptacle
Ggbil 8" ndRAdES A

to seal between saic receptacle and saic ubul ar mandrel means. 2. The
test tool of cl@lmlddipsi LRRLUHMhs HheaEDPy SERL LRI By Sl
t ubul ar mandrel nmeans and sai d t'dbul ar body nenber nmeans above and bel ow

said flow ports of sgighfabpbar sTRRYE mdBrd SanieRad2hy Gl pody nmenber
means is.in its upper position relative to said tubulaf mandrel "neans. 3.

The test tool of claigpgjdbeiRNpIR cheGHY rPixéd N"tRédeto;

f. tubular body member means having méans on one end
thereof for connection to a conductor cable or wirg _
line and having its other end telescoped over thne e

- upper end portion of said tubular mandrel means for
limited longitudinal movement relative thereto, said
tubular pody member means having its lower end C:;-
portion reduced in diameter and telescoped inte the
upper ené portion of saic key retractor sleeve |
means, said reduced diameter portion of said tupular
body member means being formed with control ;lot
means for receiving said pin projecting inwardly
from said control ring, said control slot means \_é
being of the zig-zag type and having a plurality of
open-ended slot legs each permitting said tubular
body member to be lifted to the upper limit of its
travel witnhout lifting said key retractor sleeve,
said control slot means having.at least one short
closed-end slot leg for engaging and lifting said

key retractor sleeve means, said control slot means

being so configured that each time the tubular body

o * [ L M § -



vsaid control slot neans are presettable to provide a 111111 111111 11111 .~
11111 111111 presel ected nunber of open/close cycles of the test tool
be perforned before the | ock keys are autonmatically di sengaged fromthe
‘receptacl e. 4. The test tool of claim3 wherein when said test tool ig,
wi t hdrawn from said receptacl e neans upon being auto- matically rel eased
therefrom said control pin and said contr-pl slot neans automatically
becone reset, readying the test tool for~=i"mmedi ate reinstallation in said

ok ng moans for attSRRRERPYAPa s dadned G 5t P8k bl b ay

i nchudi ng neans for at T pr éssure g

: t he
| over end thereof . ggeieﬁéaﬁgm s%fxdcéiady g‘%l pﬁgnéhdg&e%bv%%o%anuéehg

end faces of said Iock ie conver I nwar age-

shoul der surfaces on t%‘f ?8%@%@ %e' J\Ih%?r\rzab Cho! #Kg%ﬁﬁtc%\ﬁetrz%el slot

I nwardly at substanti e sane n a difrerential pressu

acting across the testy olsg geq%oul g,g ) SRS tu’h %{,grr},yg go%né'gue

receptacle will cause t e |nc |ne means to

coact with the mating xﬂé‘&x’:é”&ﬂzéHéﬁﬁﬁew@lﬂ hay 8 de Péw t BSr LORK akRY Jendh 119
to camthe | ock key further outward

tubular mandrel means when said tubular body member

means is in its lowermost position relative to said
tubular mandrel means;

g. biasing means between said tubular mandrel means and
said tubular body member means biasing said tubular
body member means downwards relative to said tubular

) mandrel means; and

§:>' h. means on said tubuiar mandrel means engageable with

said receptacle to seal bet&een saic receptacle and

said tubular mandrel means.

2. The test tool of claim 1 further including seal means
sealing between said tubular mandrel means and said
tubular body member means above and below said flow ports
of said tubular mandrel means when said tubular body
member means is in its upper position relative to said

tubular mandrel means.

3. The test tool of claim 2 wherein said control pin and

said control slot means are presettable to provide a

* ¢ L MW s *
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7. The test tool of Aaim6 wherein said neans for biasing said

body nenber downward relative to said tubular mandrel means is a
spring. 8. Apparatus for testing a well, conprising: a |anding »

spracle for anchoring a test tool thereln, conprising! a. a main

nmber having a bore therethrough and |l ateral port neans internediate

ds, said bore being reduced-in dianeter . below said |ateral port

nmeans, said reduced di aneter bore beingﬂrorned mﬁth means for rece|V|ng a

test tool in |ocked and sealed relation.th saj d main

bod
being formed wiPRe&RLIEGTASMYHRSE ggaf’?§u %e?%‘&@%%r af| kber élesﬁ’ortt
nmeans at the shoul er pr vi ded e u r f said reduced
bore portion;- %@' %ﬁﬁﬂé? Eg\? cg‘ f}b?%st%? e?HFBU&%"‘&g‘:}%ans
on its upper end.for a f wel | tubing, and having its
| ower portion rgﬁﬁsgaagﬁﬁfgﬁﬁﬂ%eég?aﬁ%%&PQ havrng an annul ar seating
surface surrounding the |ower end of said bore the reduced di aneter
portion of said upper sub nenmber being tel escoped into the upper end of

sal d main £ody fRIDEEANGSY] BP! £101R" S UGl @Ry is

I
wher ei n Its seatl ng surface IS 1 n engagenen & Q%ﬁg %kvalve seat

surface of sala‘;1 TRhA AW egaiarzs%g%k@%f%ﬂﬁééﬁ%?&ﬁ$npSéinHEQ%%oand an

open pOSItIOﬂ erern sal seatl ng surface and sal al've seat Surface are

spaced apart topathewifihowdedcbet vAeRefGTom, BAE SoncRbE ﬁmhnahadssaaraﬂ
sai d upper sub nenber

control slot means automatically become reset, readying

»

U

the test tool for immediate :einstallation'in said
receptacle means for further cycling.

5. The test tool of claim 4 including means for attachmen:(ﬁi“
of a pressure gage, or the like tocl, to tne lower endéd

thereof.

6. The test tool of claim 1, 2, 3, 4, ar 5 wherein the end
faces of said lock keys converge inwardly énd are engage-
able by shoulder surféces on the tubular mandrel means o/
which likeﬁise converge inwardly.at substantially the
same adgle whereby a differential pressﬁre acting across
the test tool and tending to displace it from the down-
hole receptacle will cause the incliﬁed.shoulder_on the
tubular mandrel means to coact with the mating inclined
surface on the end of the lock key tending to cam tﬁe

lock key further outwardly.
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6oengageabl e for limting relative |ongitudinal novenent therebetween,;
d. nmeans biasing said main body nenber toward opening position; and e.
a test tool suspended in said well on a flexible line and | ockingly ay
sealingly engaged in said |landing receptacle, said test tool' having a
fl ow passage therethrough, said test tool mdnprising: i. tubular nandrel ;
means; ii. |ock key d qQn said.t | ar nandyel neans_and configured -
to engage in sg[d Igﬁ itl%‘!g;_és(ratece“%toalcIgfE sard " ké’ys"ﬁsé?ﬁa TOVADIME 2 et wEéN
retr @ed ande bxpandedPiobi tivdnslasabddiveysehaer nglawstwacd | ore lagmvesans
thereen; iii. siE@NgubRhasi AENa3R1d ndh)s 1 LW VRS Vst PRI d expanded

! t K % g{idgﬁfylﬁﬁﬁPﬁg

position; iv. key retractor sleeve neans - nted on said tubul ar
mandrel neans &nd hARPAFREEH FRAnS AN SO SiRfdge BPRP W $HS4ai d | ock keys
to retract themto anl pgk@dngostbb@ptheIRONEbYE hAcHBYARE NRVEEBBE Ofosaid
key retractor sleeve nmeans rel ative to said tubular mandrel neans; v.

t ubul ar body ﬁéﬁ%@?1ﬂﬁaﬁ8mﬁé§§ﬁégﬁeans on one end thereof. connected to
said flexibledine ancaiavitodyt sepideer kaditel escoped aver dthe cupprer asad

portion of sai d kéyggé?roor {%Hﬁﬁ%”igggpﬁediggé itg'QJ é{lgggétggkga

novenent relative there Sai
being reduced in diameter below said lateral port

means, said reduced diameter bore being formed with
means for receiving a test tool in locked and sealed
relation therewith, said main Y»ody member being
formed with an annular valve seat surface below said
lateral port means at the shoulder provided by the
upper'end of said reduced.diaq;er bore portion;

b. an upper sub member having a bore therethrough and
means on its upper end for attachment to a string of

@

well tubing, and having its lower portion reduced in
outside diameter, and having an annular seating
surface surrounding the lower end of said bore, the
reduced diameter portion of said upper sub member
being telescoped into the upper end of said main
body member and slidable therein between a closed
position wherein its seating sur face is in

' engagement with said valve seat surface of said main

~— body member for closing said lateral port means and
an open position wherein said seating surface and
said valve seat surface are spaced apart to allow
flow therebetween;

c. means on said main body and said upper sub member
coengageable for 1limiting relative longitudinal
movement therebetween;

d. means piasing said main body member toward opening
position; and '

e. a test tool suspended in said well on a £lexible

* [+ L M S *
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body nenber neans having its lower end portion reduced in dianeter

and tel escoped into the upper end portion of said key retractor sleeve

and operatively connected thereto; vi. valve neans in said test tool

ntrolling fluid flow through said ftgw passage thereof, said valve
g\/\novabl e between open and closed positions responsive to axial

moveNert of sai dlimdulamd bé@gkieaiy rehdt i seal bngdyd endaded nendselid

N response 9,4 ¢Rg I%Jué,o@s@wel agaﬁg taisd fhs&b'ﬁau&g Sa'-(iow

t ensi{ohi ng and rel axi ng of sai flexib [Tne al so causing said latéra &'}
port neans of sai oP?%ﬁ%l‘HﬂgW@E@pi"é@P&ht'o Spich &BRF cteRE; ceﬁarlslvgu-.

bi asi ng neans betwpentﬁamﬂafubuhaﬁeqamggasmeans and said tubul ar body

menber neans biasing said, t bular cg% nber anshg wnward relative to
said tubul ar mandrdf* nE@hS Sﬁino ‘%ﬁg?tﬁa gubulpg, m ¢t mgpns
Claim 8 wherein arsdi con friegns edf ap emgagerupesaﬁﬂIlémﬁinQOﬁécepthambed
and sealed relatio cl P, I n ann | ar_recesses
providing a pair %Eigo %g§§ i%elqéi Q?B?QESbré%t StEIouFGer 874

t her ebet ween; and $%Xpan edsE@GﬂW&ﬁﬂﬁ: Poid kpwsphew;dgﬂzﬁtranm:bnpaam of

i nt er nal annular r£@§§§e§hereon,

iii. means Dbiasing said keys outwardly toward

~ expanded position;

iv. key retractor sleeve means-slidably mounted on
said tubular mandrel means and having cam means .
thereon engageable with said lock keys to retract
them to wunlocked position responsive to upward
movement of said key retractor sleeve means relative
to said tubular mandrel means; o

v. tubular body member means having means on one end
thereof connected to said flexible line and having
its other end telescoped over the upper end portion
of said tubular mandrel _meahs . for limited
longitudinal movement relative thereto, said tubular’
body member means having its 1lower end portion
reduced in diameter and telescoped into the upper
end portion of said key retractor sleeve means, and

operatively connected thereto, _ o’

vi. valve means in said test tool for contrelling
fluid flow'through said flow passage thereof, said
valve being movable between | open and closed
positions responsive to axial .movement of said
tubular body means relative to said tubular mandrel
means in response to tensioning and relaxing said
flexivle line, said teneioning and relaxing of said
flexible line also causing said lateral port means
of said landing receptacle to open and close; and
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vii. biasing means Dbetween said tubular mandrel
means and said tubular body member means biasing
said tupbular body member means downward relative to
said tubular mandrel means toward open position.

9. The device of Claim 8 wherein said means for

receiving a well test tool in locked and sealed relation

includes:

a. a pair of internal annular recesses providing a pair
of oppositely facing abrupt lock shoulders
therebetween; and

b. a smooth-wall Dbore portion below said pair of
internal annular recesses.,

AR




