-1- VELL TEST TOOL 2219610 BACKGROUND.CF THE | NVENTI ON Fi el d of the

I nvention This invention relates to well tools, and nore particu- larly to
downhol e shut-in tools for use in testin subt errani an fornmations such as
those‘penetrated by oil or gas wells. rlptlon of the Related Art For a
nunmbéy—of years, well test tools R @§§§ red into wells on flge I

| i nes for conducting various types—e?—’-t-eel-e—;—a—e:-der to gat her 1@3@ TO
i nformati on which woul d nake possi ble a reasonabli;e eval uation o the

hydr ocarbon bearing formati on penetrated by the well. Sone of the test
tools are electrically powered and have instrunments which can sense well
characteristics and can generate and send up signals suitable for
‘processing by surface readopACKCROUMBNOF THE hINwENBIONNder st andably, nust
be lowered into the well on an electrical cable which nust renmain attached
to the test tool. Sone others of the test tools are nmechan- ically actuated

.partially battery-powered and are run on a conventional single strand
mnre lin

lick line") which remains attached to the

test tool. Sone of the test tools have the capability of gathering
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a down | ocat,i on ve_ neans for ualJ i zin ressures
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formations such as those penetrated by o0il or gas wells.

Description of the Related Art

For a number of years, well test tools have been lowered

into wells on flexible lines for conductiﬁg various types of

‘tests in order to gather physical information which would make

possible a reasonable evaluation of the hydrocarbon bearing
formation penetrated by the well. .
Some of the test tools are electrically powered and have

instruments which can sense well characteristics and can

generate and send up signals suitable for processing by surface

readout equipment. Such tools, understandably, must be lowered
into the well on an electrical cable which must remain attached
to the test tool. Some others of the test tools are mechan-

ically actuated or partially battery-powered and are run on a

‘conventional single strand wire line (commonly called a "slick

line") which remains attached to the test tool. Some of the

" test tools have the. capability of gathering information

concerning pressures and/or temperatures, can shut-in the



many of these tools have a very small flow capacity. Sone of the test tools
can be cycl ed between open and closed as many tines as desired; ‘others are

install ed and then cl osed, never to be cled further. Following is a |ist

of prior art patents with which applicaft” is famliar. Re.31, 313 o

4373 s#811 at 4 gRinasle dosa€id) nd fa¥fneds for dgdgiofdg ) o
_Pat ent ﬁtefe% ' A PP o €6 Eflch Ple itk %ﬁe1%§§§’t68f,oﬁh9i nal U,

S. Pate , 485 having 1 ssued to himon June™23, 1. This patent

teaches n@antaf%f Gl sdi G dmyahe d ey | ofhin L14@! éap&‘&i@hmééﬁe%?r obe

I ncl udi ng essure sensing .nmeans (a recording pressure instrunment, or an

el ectr oRife RSO oME £ e Ide SOrEh &d Wetween aodpd_rue #hecélbseqabbemafysur face
readout equi pment for processing, display, and/or recording, for instance,

may be rYmed ad fdewdd@; |dttieet® axngapestdlbl ¢d clxedi théhecleséd) onkvéor
opening and closing the.test tool by tensioning or slacking the flexible
line. The bleexysled ifurthent. remain attached to the probe in order to
actuate the test tool. U S. Patent 3,208,531 issued to Jack W Tanplen on
.Sept enber 28, FRIdPWIMY tichdbl ThO B \BIlef 30 PR ¢t Whihekh test
tools such as the test tool of the pkesent invention can be run-and

i nst al | applicantelis familjiagy s patent 4,149,593 issued to Inre |. Gazda

and George F. Kingelin on ril 17, 979 and cover test tool which ma
ge F. angeldnon Avrdl o8, s3 4 051,897 400344550 ™Y

4,149,593 4,159,643 4,373,583 4,453,559

4,487,261 4,508,174 4,583,592

"U. S. pPatent Re. 31,313 issued to John V. Fredd on
July 19, 1983, the original U. S. Patent 4,274,485 having
issued to him on June 23, 1981. This patent teaches a test
tool which may be installed in a well, after which a probe
including pressure sensing means (a recording pressure
instrument, or an electronic sensor which will send signals
via the electric cable to surface readout equipment for
processing, display, and/or recording, for instance, may be
run on a flexible line to engage the probe in the test tool
for opening and closing the test tool by tensioning or slacking
the flexible line. The flexible line must remain attached to -
the probe in order to actuate the test tool.

U. S. Patent 3,208,531 issued to Jack W. Tamplen on
September 28, 1965 and teaches one type of locking device on

" which test tools such as the test tool of the present invention

can be run and installed in.a well.



be run on a wire line and installed in.a well for shutting-in the well or
opening it to flow at a downhol e | ocation by tensioning and rel axing the
wire line. The test tool can be opened andg<closed any nunber of tinmes, but
the wire line nust remain attached to the test tool. U S. Patent 4,051, 897
i ssued™n Cct obd&r 8. PRERNt, 4Gdd8gS9R. ilsngd ite dmt e daclfazda mast Gewaice

i ncl uding_a | gck device anchqred in _sealed relation in a | anding receptacle
downhol e Fn E1RgRL1ny 98 ABSidbd /irndPUdi A§pCO¥EESe Bortesdntocdt whd chemadr
transducef and a probe .porti.on having a valve.therein, to be |lowered into
the wel bﬁ £H"eP5cFrM&£e é&ﬂ@eaaﬂdlgﬁgééZGdiﬁntﬁeweéékﬁ&évﬁééttxnsn}nby
tensi onin ng_rel axi el.ectri blLe, .the valve i.n the probe is
bpened anghglggé _3§|§§g§q§§ 6§r%PtE&§§s§Sr8 ?8"8§PI§ gﬁﬁFéﬁggo%yand opened
to permt I | t eaGrqass ;nLepaRat on 0,r vi.ng,t he

f{ est tooltgﬁgz?y gﬁméﬁF?q%%gxégﬁsgﬁanggﬁg zéﬁfrnugﬁflf‘genéngggagiBﬁals

bost the . ! > > Y. ger A
ich areopenkd gnva elgu@fgaaﬁyvmmsa? eabkember pG2 th'eﬁai%’%aﬁg% @gsgee

conditions sensed. U S. Patent 4,134,452 |ssued January or ge

F. Kingel femaiheaditaehegedol RYENELLSR £8o0&N | Nprovenent over the invention
of U S. Patent 4,051,897, and although the structure differs in certain

details, the tegl bQobageaenpl0sbedovhessasa onrpesobeyd 45 15aenb
4,159,643 issued to, Fred E. Watkins on July 3, 1979 and covers a test tool ’
which is Geosgei Rst §ihgelin and teaahesl &, tebdentaopr dheludéhgdanfoaksensor
prong is |lowered on an electric cable and latched into the test tool.
~ Tensi oni ndevice anchored in sealed relation in a landing receptacle
W, downhole in a well, and a probe including pressure or
temperature sensor transducer and a probe portion having a
valve therein, to be lowered into the well on an-electrical
cable and engaged in the lock device. Then, by tensioﬁing andg
relaxing the electric cable, the valve in the probe is opened
and closed--closed to permit pressure to build therebelow and
opened to permit pressures to equalize thereacross preparatory
to removing_the test tool from the well. The sensor means -
continuously generates.signals which are sent to the surface
via the cable for real time_readout of the conditions sensed.

U. S. Patent 4,134,452 issued January 16, 1979 to
-George F. Kingelin. The disqlosed invention is an improvement
over the invention of U. S. Patent 4,051,897, and although
the structure differs in certain details, the test tool
. _ accomplished the same purpose.

U. S. Patent 4,159,643 issued to Fred E. Watkins on

July 3, 1979 and covers a test tool which is first installed



i ndi cate the pressures below the test” tool. The test tool can be actuated

[1omoReh woLE) OBRANPASRELBE IALYLBIRE 2 Lehl8;oBHoRl tRoabRR A B8 | .

i nstrument porfion of the sensor prong can

pr ongap | gne P , B78m 5834 | d Fl enipgs: A, ; Wt er s\®n
Februaﬂr ?ﬁ%iﬁggg?i?\gec%grgggeﬁggtﬁig%l&l?%stt?%# aE_ glfn gbﬁgfﬁnl e test
tool drpyidbPe VEheR thesesthéntésal tdol NaR@esigRaLsi SendNdowpheh can be
| at er engaged by a probe and lifted to closed position. The probe can at
the eandatd dndicibe teetpbessiiseomerswteie oresberyal ve ond tegeved from
. the well. The val ve cannot be reopened al though an equalizing valve in the
t est tomdl czan He apeuatiedyf ropropen oo acXeded eposPtion! oI yosnte.retrieving
“the test tool. Thus, the well can be flowed through the initially open
val vétt dhreecemd] adhetiphiabestoi tite nsitirumesit piamnidmefative semsde cl osed to
stop flow for a second phase of the test during which the instrunment
r ecoPFONG €N -LptF ke yeds s At ayiards Hde aatongols tririéeedal ve i s not
i ntended to be cycled other_than being closed just the once. The wire |ine

and probe Fay Sre Rfdtethety 37om&hd ss¥Rd dio |EXeming Aehdtrters c@p, as .

desired, during the shut-jn phase of the well test. The present invention

is aﬁ‘eg’ﬁﬁra&)’eﬁ%m M g qcﬁ&f‘e?ﬁ iforkefits e A NSEFiekadHie Am webl ¢ o

Fl erTit A g&t ers. U S  Patent 4,453,599 issued.to John V. Fredd on

Juncths tess, tR0F RAVINGE WAL HETSIT At 1A A} ddt IABRD dOSL MR ¢ or
ossible to slide resili al rin ast a

?gg%ﬁh:%\ﬁ% C%&xnltpalifﬁs]&ieait Crorﬁﬁ’igtéig(?r?s%y a pro%e ana l%.r%ttesde to closea

position. The probe can at the conclusion of the test be

"% he cable then closes the test tool aqnd' signal s sent .to the-surface

=

u .

disconnected from the valve and removed from the'wéll. The.
valve cannot be reopénéd.although an equalizing vaive in the
test tool can be opened by.a prong on a-retrieving'tool prior
to retrieving the test tool. Thusy'the well can be flowed
through the initially 6pen valve to record one phase of the
well test, then the valve can be closed to stop flow for a
second phase of the test during which the instrument records
‘the build-up in pressure below the test tobl, but the valve is
not intended to be cycled other than being closed just the ~
once. The wire line and probe may be detached from the tool or
left attached thereto, as desired, during the shut-in'phasé of
the well test. The present inﬁention is an improvemént over |
the invention disclosed in patent 4,373,583 to Fieming A.

Waters.



of flow wi thout damaging the seal ring. Al though a neasuring instrunent 4s
shown on a flexible line, neither the instrunent nor the flexible line is
used to actuate the downhol e val ve whiché;x i nstead, pressure actuated. U
S. Patent 4,487,261 issued to Inte |I. Gazda on Decenber 11, 1984 and

disclosts a ted. toolpatent Nf 0158899 iWsued [texiJOth |V nerPedl edwaged in a
receptacle. Wien the flexible line is relaxed the test tool opens and when
the fl exidune [li2we 1984 arsd diectittesd thexte itnodle caluases .o fThiet § |teddHind i ne nust
remain attached to the test tool in order to actuate it. U S. Patent
4,508, 1741 &ssdd trerApré¢han i s dhitah MeikesGi tSihasmib Ik dasliidieéS.a Wesson
for a downhol e test tool which includes a downhol e valve and rel ated

‘el enent s riesdlidinty sealecdna@ast @oGdzieablw flow pauite Yywdard wondidd iatisg
sensor neans.. The probe is |owerable into the well on a flexible |line and
J s engag®f ifd ovh e itk AAMRIIAT FBRaS@duIniingn t B thalgiple measumings a
spring-bi,ased slide . ,alye to |let fqQrmation_pressure .reach the pressure
sonsor . ABFEERASTEA'S ISHOMR &R i TEMLGHE 4 105e RS LD SH (e GG uRARE

alve. T I f t .an it f.the.te | ve since the
\;;ro\l:/)e fi Fﬁg"‘?hg ﬁf_}c%e&gttbalc% Ceivxlg%r % ¥‘ﬁ§%fs ;tg(?%Itg‘altlenz:hceaﬁ?&ﬁ‘@éedz’l d from~
the prOb%ifcﬁr 16N § nad %,@'ér%‘é’sh?% %'cl:-.ﬁ‘ég\éﬁ!.ve to close. The bal | valve
shown bel ow Thé tesp to& | or use -6- in performng drill stemtests

and is operat eg,i adepandan! lay 487,282 G8sheliORb RirQl Her JIBAAS opSUCh as
annul us pressure, the test tool being used to observe pressurenbU|Id-up
beneath pagembatediballogualnd aifbrsskBVaNte8R B8RS riin' lind o @SwElakge to
\/ a flexible line and engaged in a receptacle. When the flexible
line is relaxed the test tool opens and when the flexible line
is tensioned the test tool closes. The flexible line must
remain attached to the test tool in order to actuate it.
U. S. patent 4,508,174 issﬁed on April 2, 1982 to Neil G.
Skinner and David S. Wesson for a downhole test tool which
includes a downhole valve and related elements including a
feceptacle, together with a probe portion including seﬁsor
means. The probe is lowerable into the well on a flexible
U line and is engaged in the receptacle; An upward pull on
the flexible line opens a.spring-biased slide valve to let
.formation pressure reach the pressure sehsor. Relaxiné'the
flexible line allows a spring to close the slide val#e. The
well cannot flow at any position of the test valve since the
probe fills the receptacle bore. The flexible line cannot be
" detached from the probe, for this would allow the slide valve

to close. The ball valve shown below the'test tool is for use



the present invention. U S. Patent 4,583,592 i-ssued April 22,1986 to Inre
|. Gazda and Phillip S. Sizer and covers a test tool which nmay bé run into
a well for engagenent in a downhol e receptacle for shutting in the well
when the flexible line is tensioned and 4@+ opening the well to flow when
the flexible line is relaxed.” The flexible |ine nust remain attached t 0ZThe
test toolin rpexrfierming adtihl estem Géstsesndt bsl openabedcyoliedehdenedy ofen
and cl osed positions several tinmes before disengaging the landing -
recept acltshe iest ttaxah by othegaeinss skchras dnnududi preasureyckhe. The
receptacle conprises tel escoping sections which provide an extrenely |arge
bypass, t4Ret ttopk heiRIuFeBVEC HRESEYE BRI @FSREe sBuUl hdrupf beneakbl the

tubi ng. Patent_ 3,208,531 to Tanplen, patent 4,373,583 to Waters, and patent
4, 453, 59549549 KL hrer ¥R or pHLE YRR (RE3ES ol ERELe: ReserBlanFeate

pur poses. . There is not found in the known prior art a well test tool which

can be nﬁ??rﬂQFﬁfQﬁﬂﬁnYﬁPEE?WEXibIe line, installed in a downhol e
(Eoeracle {SHE! . WYLGIEFLES SR AARE AR ECEETY bR g0 o
e P SR S, (4000 B SRRk obl i SRS
o S IRAPYRe £ AT o BN amee O Mol £ bt L0
systens igjfutltdtd h Wild SidPIUHaSYHY € ¥kible line is tensioned and
for opening the ﬁéli to flow when the ﬁlexiblellihe is rélaxed; \;J
Thelglexible line mﬁst'femain attached to the ;ést tool in |
oréer to actuate it. The test tool can be'cycied beﬁwéen opén
and closed poéitiohs several times bgfore disengaging £he |
landing receptacle, but it can be reehgaged as desi;ed for
additional cyclés.. The receptécle comprises telescoping
sections which provide an extremely large bypass, thus to
provide a flow capaéity as great as that of.the well Eubing..
| Patent 3,208,531'to Tamplen, patent 4,373,583 td Waters,
and patent 4,453,599.to Fredd are incorporated.herein by
reference thereto for all purposes. |
There is not.found in the known prior art a well test
tool which can be rﬁn into a weil on a flexible line, installed
in.a-downhole ieceptacle therein, ahd'cyéled as many timés
as necessary beﬁween open and closed-positiéns to allow or
prevent flow therethfough, without requiring the presence of
the-flexibie line in the well except as it is required to shifﬁ

the test tool between open and closed positions.



the test tools of the present invention, the test tools having a tubul ar
housi ng open at the upper end and closed at the lower end with a | ateral
flowport inits wall and attachable to ayzlock device which is installable
in a wel'l flow conductor in |locked and sealed relation therewith, a slide
val ve T the body slidable b %jmayig ' and closing the

| ateral flow port, the slide ' t ween open and cl osed

posi tions thrOi“%F‘%U??eQEBﬁhiMEHQiéHO*.Sé gerecedal Bhorkle PEbisonagal | exible

line, the flex I ne bei ng renovab romthe well each tine after the
val ve ha | t esPEi of" ' r upspt ' i th
Sl%g?f*giﬁﬁéﬁﬁes BRRCSREFOIG €66D5 Rarépst] UBR! caseoRy ety i

the test t attached thereto or suspended in the well herebefomo

for recorgidorSendahdawehhachpseene £6ti €6stifigiwel Der nbhaeepossipbeesy of
this invention to provide an 1nproved well test tool and receptacle
theref or whd ched¢ et6BSUbEI Bhabpréseny imesenybon, i ther testotoohs ahaeihgby
shutting in the well at a location substantially adjacent the formation to
‘be tested atubwldovhogsihgwopent aketipé auppehrenghanfieclesedt abl thentiower
recordi ng continuously well characteristics during both the shut-in periods
and t he .fenodv wicth oalslaiteral fhevwtpert nip pkbsadil. andoahbachabplettosato
provide such a_test tool which is run into , a well_on a flexible |ine but
whi ch doeegbtdeeieerehicht g ppetahbable imea ryekl pfioyi fendpcEsr iR |
during the testing_ 'procedure except for the actual_ opening angd closi f
Leg 48 va Ly

the test kqfted ard nepabpfecelakien, therAttiouch S11881VRbYF T £5€ RO or
' Tengtly) SRS BedblnChotfridha ' Sheking SBE E1d8 g the 1ateral flow
~ port, the slide valve being shiftable between open and closed
positiohs through use of shifting tools lowered into the well

on a flexible line, the flexible line being removable from the
well each time after the valve has been shifted, there being a
recording instrument associated with the test tbol (either |
attached thereto or suspended in the well therebelow)'fér
recording certain well characteristics.

It is tﬁerefore one object of this invention to provide
an improvéd well test tool and receptacle therefor which are
-/ useful in obtaining reservoir information in a well by -shutting

in the.ﬁell at a location substantially adjacent the formation

to be tested and allowing flow to take place through the test
tool, and recording continuously wéll characteristics during
bdth the shut-in periods and the flow periods during the
testing procedure.

Another object is to provide such a test tool which is

run into a well on a flexible line but which does not require



and economical to use, the flexible line and rel ated equi pment not being

needed on the well being tested during |long shut-in or flow peri‘ods.

Anot her object is to provide such a test tool utilizing common resilient

seal s such as o-ring seals and a shutter mechanismfor substantially -=.
shutting off fluid flow through its Iatéﬁal_flomrport and then protect¥fig

e SRS SR AP R I PP eyl Jetiglpld o P

capacity, _A e ' I W e ' ' ful not
oy i e R R Y B A T e Loy s
conducti gg kHke¢kis@Ntlple tests. Another object is to provide nodified test
tool which is useful primarily in conducting injection-type tests but which
can be used al ggoithe¢0BBYeIdtNd spredyriovirdd WueH estttesd tobl haidbj st is
to provide test tools of the character disclosed which may carry a

recor di nghbRgt i HMEBhgeht,asliapliehdneise rardutenpafetlcdb e rabyopara thiyh Not

have the recording instrunment attached thereto, in which case the recording
i nst rumreandi econppdcaddtionusiee wblel flexdlkliehd ingstandatelated aamn iqert t han
the test tool. -9- Another object is to provide well test systems
utilizi ngotnpedngdneededt ool $hef wepd beinsgctestess duniag Iong rabvwd-ighj ect
is to provide nethods of carrying out production-type tests in wells: :
utilizindti AHPYvVEEBIAedE -t ool s and systens of the character descri bed.

Another objgct is to provide such a test tool_htilizing
common resilient seals suéh as o-ring sealé and a shutter N\
mechanism for substantiaiiy shﬁtting off.fluid flow through
its lateral flow port_énd then protecting the résilient seal
from damage as it islﬁoved past the lateral flow pott. |

Anothér object.is to provide such a test tool which has a
largé flow capacity. -

Another.objéct.is to provide such a test tool which is
useful ﬁot only in conducting production-type tests but which
can be used also in conducting injection-type tests.

Another object is'to p;ovide modified test tool which is \)
useful primarily in conducting injection-type teéts but which
can be used alsd in conducting p:oduction-type tests.
| A further object is to provide test tools of the
character disélosed which may carfy a rebording instrﬁment
attached thereto and supportedltheréby, or may not have the
recording instrumept attached thereto, in which case the

. recording instrument is supported in the well below the test

tool by means other than the test tool.



Anot her object is t:o provide methods of .carrying out injection-type tests
in wells utilizing inproved test tools and systens of the character

descri bed. Further objects and advantages w || becone apparent from readi ng
the desCription which follow and from staglyi ng the acconpanyi ng draw ng,
wher ei W¥ BRI EF DESCRI PTI ON OF THE DRAWNG Figure 1 is a schematical' view
showing a vel |l viddtiret esbiéep! ioftd psotivenid DD t&st abyedendonei i g
ready to performwell test nethods of this invention; Figures 2A, 2B, anhd
2C, taken immeived  tetistodls cof tlonmgeHarkiotdr \WMeesecr paedly in section and
partly in elevation with sone parts broken away, show ng a test tool
constructed in axcfurddnee objéct his tovmruvicde e thiods 3of scarne giviqr getl
cross-sectional view taken along line 3--3 of Figure 2; Figure 4 is an

enl ar ged @EmEiickian-digpe viests akevelllohqidiging simprevedreest toglse 5
i;S a longitudinal view, in elevation, showi ng the closing tool used for

shi fting tand Syshemrs of vehofcharaghan QQﬁﬂUg?ﬁﬁm in Figures 2A-4 to cl osed
position; -10- Figure 6.is an enlarged cross-sectiopal view taken al ong
line 6--6 of Fi bR Mhjget 4§ Loy P%V MeFRP I Ut tREPRANY i M partly
in section and partly in el evatjon how ng the test tool .of Figures 2A-C
3 and 4 WXSISATHNRE GFEe 1T Aalie i i Aang SRERYRT FerkkPeTs ol osed

pOSItlon;and systems of the character described.
Further objects and advantages will become apparent from
L reading the description which follows and from studying the

accompanying drawing, wherein:

BRIEF DESCRIPTION OF THE DRAWING

Figure 1 is a schematical view showing a well with a test
tool of this invention installed therein and ready to perform
well test methods of this invention;

Figures 2A, Zﬁ, and 2C, taken together, constitute a
longitudinal view, partly in section and partly in elevation
with somé parts broken away, showing a test tool constructed in
accordance with this invention;

Figure 3 is an enlarged cross-sectional view taken along
line 3--3 of Figure 2;

Figure 4 is an enlarged cross-sectional view taken along
line 4--4 of Figure 2;

Figure 5 is a longitudinal view, in elevation, showing
the closing tool used fo; shifting the sliding valve of the

test tool shown in Figures 2a-~4 to closed position;



Fi gures 8A-8B, taken together, constitute a fragnmentary |ongitudinal view,
partly in section and partly in elevation, show ng the opening tool of this
i nvention rel easably engaged in the sliding valve of the test tool of
Figures 2A-4 and ready to lift it to itpgopen position;, Figure 9 is aS?

enl arged cross-sectional view taken along line 9--9 of Figure 8B; Figu#e 10
i s-an enl ar ge@igiic® 6f ishan endarged crossesgetdonal wisvw Haken ialofiggur es
8A and 8B; Figures 11A-11B; taken together, constitute a viewsimlar to

Fi gur esl8neafid-6BofhHi gumewdSiig t he opening tool of Figures 8A-8B in

rel easi ng position and ready to be di sengaged from the sliding valve of the
test tool; Fi §4BEre27 4539 tfﬁ@ﬁi“&&ltﬁé'ly woag1 tudinady, ey, i¥nd he
equaI|2|ng prong used for shlfi the eg%aI|2|n valve of the test t ool of
Fi gur esS@ALEON3aRAIPALLAI LY S48 F&°8pe pydng &he Eefk fopd

enl arged bottom vi ew of the equalizing prong of Flgure 12; Flgure 14 s a
frznynﬂﬁksgrQﬁﬂﬂﬁnﬁn(ﬁﬂaﬂﬂeANWﬂﬁhmkﬁfzﬁkﬂﬁﬁﬂgeﬁ##ﬁﬁrﬂkﬁSQduananﬁﬂh(ytam t h

its val ye |n its er, cl osed 03|t|on Figure 15 is a viewsimlar to
Fi gure H@ﬁ% Cﬁﬁﬁf e 14 with its valve in its |ower
open position e g | o lo Wi L)
section and pg%gpgg%nsélevét?gﬁéﬁsggak%hgr egh% %%grélo then%h¥gnt|on

ke {regRaLBRRiARR vl BHE Ry nBEckRoR hndlpand 1y InkleaduaISRaN! oI
showing the opening :ool of this invention releasably engaged
in the sliding valvé_of the test tool of Figures 2A-4 and ready w
to lift it to its open position; '
Figure 9 is an enlarged cross-sectiqnal view taken along
line 9--9 of Figure 8B;
Fiqure 10 is an enlarged view of the lower end of the
up-shift tool shown in Figuréé'SA and 8B;
Figures 11A-11B, taken together, constitute a view
similar to Figures 8A and .8B, but showing the opening tool of
Figures 8A-8B in releasing poéition and ready to be disengaged froﬁ
the slldlng valve of the test tool; ' _ &~)
Figure 12 is a longltudlnal view, in elevation, showing
the equalizing prong used for shifting the equalizing valve of
the test tool of Figures 2A-C, 3 and 4 from closed to open position;
Figure 13 is an enlarged bottom view of the equalizing
prong of Figure 12;

FPigure 14 is a fragmentary schematical view showing a

modified form of the invention with its valve in its upper

closed position;



Figure 17 is a view simlar to Figure 16, but show ng the valve in closed
position. Figure 18 is a fragnentary longitudinal view, partly in elevation
and partly in section with sone parts broken away, - showi ng ‘a sand trap
nmodul ¢ connected into the test tool of Lhhks invention; and Figure 19 is a
schematTcal view simlar to Figure 1, bui showi ng the recording instrument-
suspended in theigekk 08biisga bekewsandlhpdeperignirly 1af shbeihgsthieogksefl
this invention. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Referring now to
Figure 1,toblwEl Fhquseed 4t hathaitel vaR0ei insthsnhbweal bpeshpasitdohe
constructed with a casing 22 which penetrates an earth formation 24, which
bears producti oRighoedd6ésishaafraguentaryohongbdtndénadayliever paatady, ioar bon
di oxi de, or heliumfor exanple, and is perforated as at 26 opposite such
formati ons@atienvwenf pastdy 20, ehaveh§on | ahavipgdr acBphaéiedafosm 9f ths

di sposed in the casing, 22 providing an annulys 32 there- between. The
annul us 3PnYentiencsiliilarstpolipatefigepyin Bigreps 14 and 22 BHE havipgsed

at its upper, end by a wellhead, 36 il e, _above the well Qead, .surfac
connect i s?h%EEﬁraﬁeﬁh?ﬂngtﬂhgetE@%; 5?3np}8vkbgﬂr5ﬁd9ﬁngrgdz'agﬁéster
val ve 38; §£€$ valve 40, a wing 42, wing valve 44, and flow line 46. Just

bel ow t he” h%%ﬁn§6?pgﬂé casing 22 is provided wwth a casing wng 48 and

Coocs’ 0", WELYERCLTTRS £7PLED BAROLR) U6, PRaRERYL5euREcRasy LRy bte
valve in closed position. :
\_ Figure 18 is a fragmentary'longitudinal view, partly in
elevation and partly in section with some parts broken away,
showing a sand trap module connected into the test tool of this
inventidn; and
Fiqure 19 is a schematical view similar to Figure 1, but

showing the recording instrument suspended in the well tubing,

below and independently of the test tool of this invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring now to Figure.-1l, it will be seen that a well 20
is schematically shown to be constructed with a casing 22 which
penetrates an earth formation 24, which bears production fluids

-such as hydrocarbons (oil or gas), or water, carbon dioxide, or
helium for example, and is perforated as at 26 opposite such
formation 24.

A well tubing 30, having a landing receptacle as at 31,

! ié disposed in the casing 22 providing an annulus 32 there-

between. The annulus 32 is closed at its lower end by a pacxer



access to the well tubi ng 30 and the region bel ow the packer with which it
is in constant communi cation. Wth the master valve 30 open, thée w ng val ve
44 is openable to pernmt flow fromthe well tubing or to pernmt injection

of fluids into the well tubing. The swafjual ve is openable to permt =
|l owering well tools into the well as by flexible line 52 and in the 3
convent i dhadnduhfeflogepngtpibcHPRREi pRBnbY(Aowedddmad 36 whiidtesi mbowet r ol
of the well, of course. In Figure 1, a test tool assenbly 60 is shown to be.
supporte&P?rﬁ?%&h?%ﬂdlﬁ@‘fé&@p?%&?§°91°n§®r§“§Beé§fﬁc&mK}Stmﬁé taee .t ool
assenbly I ncl udes .a Iocé dev; g 62 anchored Yg k ke S 64 engaged in
sui t abl @RI PEEEEd BN FNFLULE F BABECE Y Fn§ 166 §€aWF4§Py4 ngdged
with the Jnne mal] of tg gndlng gf gt cle g% The tg i tool 70 is
attached"ﬁQ)t I%ﬁﬁﬁ LR4V8 At ackdebt ﬁ"ﬁn rs SHEFoPELav: kBfeby. A
recordi ¢ sSenso onsi ve.to one or,_nore
wel | chgg%% %%%t %ﬁ%hggéfﬁéeg%uf% Pf%ﬁb@?it EB 8r CAR&NG; pdng; 48
attachedyd® 4 r&gﬂy@rwfﬁl& ei1dbesgest tool 70. -13- As shown, instrunent
72 is nmeant to represent a recordlng bottom hol e pressure gauge. The 'test

tool assenbly 4k vessiRgen £hlgi PADvé NSo VL by PAEs | ?éE@EFeqP:EgEhEBPQQdEHg

receptacl e through use of flexible Iine 52 and fl exi s (no

shown) . d¥ adiictdmuTdsi gis 44 onedded | ainet é %8%@@&65 %Q@v%bko@%ﬁbgg 22

through the perforations 26 and normally flow upwar dl hr oug e tubing
30, nmestascesd o dthe Well Vedlying43@rehd | eve |t 6gidh- b@oﬁouﬁéepaweﬂ the

test tool assenbly
with which it is in constant communication. With the master w
valve 30 open, the wing valve 44 is openable to permit flow
from the well tubing or to permit injectiqn of fluids into the
well tubing. The swab valve is openable to permit lowering
well tools into the well as by flexible line 52 and in the
conventional manner, using proper equipment (not shown) to.
maintain control of the well, of course,

In Figure 1, a test tool assembly.sd is shown to be
supported in the landing receptacle 31. More specifically,
the test tool assembly includes a lock device 62 anchored by
lock keys 64 engaged in suitable lock recesses and is sealed
by seal rings 66 sealingly engaged with the inner wall of the
landing receptacle 31. The test tool 70 is attached to the
lower end of lock device 62 and is supported thereby. A

~recording instrument 72 including sensor means responsive to

one or more well characteristics such as pressure, temperature,

or the like, is attached to the lower end of the test tool 70.



‘60 i s anchored and sealed in the | anding receptacle, as shown, all such
production fluids nust pass therethrough. Thus, production fluids nust

enter the [nlet.ports 80 of ,the te ool 7 [ . n upper end
of theAFo§h°HEVi&ES%§P \ Jér}stwégpésﬁotggp%§ge§§ %rg%Fgggyﬁﬁfh a val ve
(not shd i p or closed to control flowinto inlet ports
80. _Qagﬁ2%8¥g8§§r§2gs?ﬁé%v§?§§ers closed, no flow can take place through
the inlet poghg %QgttQ%owehgsbﬁbﬁguﬁosbﬁﬁ L Bwdk eldh@nttestthieOwlelll0eald on.

Wl | pressuré then builds below the test tool and packer and in a

relati Yﬁlsxaﬁ%t iRekhed 1ahdi hgeretapthtzes thrbhghheskonfatilexipiessur e.
Thus, the effects caused by well bore storage are avoided. Simlarly, when
the valyge0b2t hadt €llexiibdle ilinagabblepéned, shbewli.s agai n establ i shed
through the test tool and pressure therebelow begins to fall off. In tineg,
the wel | prepsodachébawfibédses§romobhesfapmption 3ddenten thel w8ifd ceases.
The val ve (not shown) of the test tool may be opened and closed as desired
t hr ougbasérgoR2sthrabldb tpenpagfanatiprasi R as6l sordadd¥d filfo the wel | on

the flexible Iine 52 to, thus, control the well for _testin thi formation
24 in eneandhliethaeyghedheThBbRgs30r eMBSEGE Y31KEs 38 cBARINYELY®on port 73

for comuni cati pressure to the sensor, neans.inside_the instrunent.
B8R okeBCeRRs: SopE oA

|
The t edf ?Bekféggeigpﬁ 8 -shBEnCPHIEFgUY ated by

e cbPokouantlorsd: 2adusgaled’ ih°Phe ' Pankink"kEALBELTE, 128 bhoLRS! N0

all such production fluids must pass therethrough. Thus,
et préduction fluids must enter the inlet ports 80 of the test
tool 70 and exit at the open upper end of the lock device 62.
However, the test tool 70 is provided with a'valve (not shown)
which can be opened or closed to control flow into inlet ports
80. When, of course, the valve is closed, no flow can take
place through the inlet ports and the well is thus shut in at
the test tool location. Well pressure then builds below the
test tool and packer and in a relatively short period of time
stabilizes with the formation pressure. Thus, the effects
\_/ caused by well bore storage are avoided.

Similarly, when the valve of the test tool is again
opened, flow is again established through the test tool and

pressure therebelow begins to fall off. 1In time, the well

pressure below the test tool stabilizes and sqch fall-off

ceases.



adépted for use in testing injectiammells, however, use of-a nodified test
tool (seen in Figures 18 and 19) may be desirable instead for use in

testing i nj@ediem ¢l lsor (s ."f)nc éiée dfe 4 @ig{}g@f i§ b4 dy¥eh8ECEny The

test tool assenbly includes vice t ool 104 and recor di’hg

i nst IRy H6.geldie d @ Sth AiRn WM'kdi&aﬁwﬂbéé}x iApdatleding a =
| andi ng receptacle 108 which forns a part of tubing 110. The | andi ng

I eceploddse 1dfe il o |tk WM Goh khe releid S Bie Ssi2 ted) ethypp, the
type shown being that disclosed in patent 3,208,531 which is incorporated
her eicenlty oleftereenaal 1l THor |tacic idey itk iforamt ieed4 nistthe mamget i bl e with
the I anding receptacle, and is shown to be the Qtis Type X Locking Mandrel.
Type d¥sliaredi.ng Ni ppl es and Locki ng Mandrels as well as other suitable

| andi ng ni ppl es and | ocki ng mandrels therefor are available fromQis

Engi neer i n§h€opF@ssuirengaudsl |72s hdke@asommunigsadt idgyipar 1018 i et udes | ocki ng
keys 114 having external bosses 116 and 118 which are engaged in

cor r OpoHIisg tnage §edd PrXessgigFelt? thes sepsoremeans ingddeatdieg receptacl e
108. The upper boss 116 of the key has a downwardly facing abrupt shoul der
124 &R§&FHEASNE -wi th abrupt upwardly facing shoul der 126 of the |anding
receptacle to prohibit downward mgvenent of the | ock device in the |anding

recept acl e TREhiteS tuSRGrtd 375 FIREA 1iSs SHOMReite & YA M Ty AfeTR WAL € he

1RO SRR 2B B KRRt WO e gY,

ey 81 SoUEnia 5% 00 TR SR TRURIRR o B PR e B Pk S o

s pé@nggg %%Ehui%ikibkgs§§ﬁb injection wells, however, use of a ~
modified test tool (seen in Figqures 18 and 19) may be desirable
instead for use in testing injection wells. .(This will be
explained more fully later.) The test tooi assembly includes
lock device 102, test tool 104 and recording instrument 106.
The test tool assembly is shown to be installed in a landing
receptacle 108 which forms a part of tubing 110.

The landing receptacle 108 and Ehe lock device 102 may

be of any suitable type, the type shown being that disclosed
in patent 3,208,531 which is incorporated herein by reference.
The lock device in any event must be compatible with the
landing receptacle, and is shown to be the Otis Type X Locking
Mandrel. Type X Landing Nipples and Locking Mandrels as well
as other suitable landing nipples and locking mandrels therefor

are available from Otis Engineering Corporation, Dallas, Texas.



means, such as packi ng assenbly 134 which seals between the device and the
pol i shed bore 136 of the receptacle 108. The | ock device 102 is installed
t hrough use.of the Qtis Type X Running Tool and is rel eased and renoved
throughggse of the is GS Pulling Tool, both of which are avail able from
Qtis EngTneering Corporation, supra. Seed3—S. Patent 3,208,531. The test
tool 104 includes a housjng 140 conprijsing an upper housing section 142, a

| ower housi ng sé@§oriavice i Anhites JiPaving Uit hblsiaglagcexbarnad

' ided with’ 148 d this bore i I . '

end aa. ot BEsBen L6 A TE A Th Saiaael (i SR AbTEII e £ SEoAEES he
b ti 150, t b i s furth I d d int 1y t d

o 50 o Th th it e aast i e s i defitte ' FeELRER e QGRS
the b ' t f Lned | at
ang t(r)\:ael élﬁrér;?&q%%] ]teiaé;cq%}shlae?\éé?ec%%oﬁo?g%r%cge%?ﬁg?th%l gedi a?rete;r
and ext er naldgs ddy ezhazﬂ@%r?g%g?éabh@ Wi%h AdAGU R aiPerd ONRs druisi adr

section 144 of the housing.” Preferably, the upper housing has i1ts upper

end porti Qperfandrd 1anmding YR depaiclied o ponNiwEtl| dovrE Y movenidret
annul ar shoul der 159a. Lower housing section 144 is provided with a bore

- 160 whi ch ofs ttid aroasd deéeraaltior ehas laindlindy reorptd ol Arwhilearupwaidci ng
~ stop shoul der 163 and is further enlarged as at 164 providing an internal
-~ annul ar umoxrestien tf ds oy eseattelb by Engagemen thorfe thoe tingl i whbulteseat
165 are very carefully made for a reason soon to be brought to |ight. Above
enl arged 128 of the locking key 114 with the corresponding inclined
N shoulder 130.at the upper end of upper recess 120. The locking
keys are maintainea against inward movement by an expander
.sleeve, the upper end of which is inéicated at 132. Near its
lower end, the lock device is provided with suitable seal
means, such as packing assembly 134 which seals between the
device and the polished bore 136 of the receptacle 108. The
lock device 102 is installed through use of the Otis Type X
Running Tool and is released and removed through use of the
Otis GS Pulling Tool, both of which are available from Otis
W, Engiﬁeering Corporation, supra. See U. S. Patent 3,208,531.
The test tool 104 includes a housing 140 comérising an
upper housing section 142, a lower hoqsing section.l44, and a
lower sub 146.
Upper housing section 142 is provided with a smooth bore
148 and this bore is eﬂlarged at its upper end as at lSU, and
further eniarged as at 152 to provide relief. Above the bore

portion 150, the bore is further enlarged ana internally

threaded as at 154 for attachment to the lock device as snown.



bore 164 the bore is | oosened up considerably as at 166 and:is internally
threaded as at 158 for attachnent to the upper housing section I52. The

| ower housing section 144 is reduced in_outside diameter just belowits

upper end and nore specifically just betbW i nt er nal upwardly facing seat:

165, as shown, providing an external downwardly facing shoul der 168. &

Lat eral FHOW PBRE sen 0°grﬁh?09%%ﬁ 148 olghconntasbpref pswat AS6sifog section
144 for connunicating thelext%éhfr of thg housing with its interior. As
shown, RHRPIRT50158 S¥RIFFAR AL AR AnhRRgLAVRT 1andcef tthe howsang sebtibongh42

i ong tucther 19 sefri HFEHAE e dlice 4P K 2%%‘%?%831%35%%86%3%22aigi er

inbiar ot y dupiing
g[%i%ﬁﬁ;ﬁf&%@%ﬁ%ﬁ[@w TSI e %Pﬁ&i‘*?hégif:ﬁ%ht hus ”:t
{1 ow patlc Toal hg Lo fPet B br o 1okt prtehdg B LESThdpde Rpdn 00" ¢ -

t her ebel tAortenl@rddd P\ g gt i @ yved | H0 der 173 and

Is int ergr?gl |y ﬂElhrrieLlaaZdreéol as at 1?f?ﬁ%dachrrent %J{ﬂ‘{%g&jf%mgéggﬁ 146  as

shown. @xtetrhal/ Gariffl $r tdoivregisgy), The [ ower sub 146 has a blind bore

178 opening upwardly and a blind bore 180 opening downwardly, this

downwar dl y opqower hwusie seduilon 124 id ipeadite@seth 18Dbd e r£66I Ve a

menber such as, fer exanple, a recording pressure gauge. 106, or.other

sui t abl ehiicdi risTentladged theateabove @fs ACL 6D, IPEIVIAENS  aR Ddwdr §Ugh as

plug 186 may be threaded into the ' ' ’ _
facing stop shoulder 163 and is further enlarged as at 164

%

;J_

providing an internal_annular upwardly faciné seat 165. The
short bore portion 164 and the seat 165 are vety carefully
made fcr a reason soon to_be brought to light;. Above enlarged
bore 164 the bore is loosened up considetacly as at 166 and
is internally threaded as at 158 for attachment to the upper
housing section l§2. Tne lower housingISection 144 is teduced
in outside diameter just below its upper end and more
specificaliy just below internal npwardly-facing seat 165,
as shown, providing an external downwardly facing.shoulder
les. Laterai flow ports 170 are formed through the wall cf '
lower housing section 144 for communicating the extetior of
'the housing with its interior. As shown, flow ports 170 are.
formed as by running a mill cutter inward through the housing
wall at a location just above seat.lss and then moviné it
longitudinally-downwardly to elongate_the opening. Thus the
’ mill cutter forms a slot extending doﬁnwardlj beyond seat 165

since the cutter does not extend inwardly sufficiently to



lower end of the housing to protect internal thread 182, and if the test
tool is to be Towered into a well, thé7plug 186 will also help to guide the
test tool in its descent. Upwardly opening blind bore 178 of | ower sub 146
provi dexstrehawet 165whi Thesslotisthusicformed apytendgsheley esternalmay
sett| &zdnd col | ect to thus prevent themfromfouling the test tool,
especidanRwarAl ¥ | £3F hg vahoeldeor 168 59 ceniayuce qhie cfLQYi PRER ¥8REENZ00, or
any of the tools used therewith, or interfering with the proper operations
t heredi® HfiA258531 pbre¢ BPEEFS o} F®d t hrough the wall of the ported section

el Sl NSRS AL S eSS
T oA st A AR 07 . CRRARISY, .0
shoul dite AR A1 WA N4 Sk o ool s hver s belonagdual 2ing

are agpoWne! f J-4NGRy fide | fedN aerld Ttk & i de adequate friction for
mai ntai ni ng the equalizing valve 200 Iin the position shown until displaced

from such pegid i1Gwd©rs@sIud 6 aaid on BIfi il ST a7 glbsyyén aigl bskoratfe test
tool. Fluid flow through the lateral flow ports 170 I1s controll able by

sl eevandlav & Iidah 25 180 apanney demwadrdllye, etplsidedhwdt&bye val ve nmeans
225 is disposed within the housing 140 and is slidable therein between its

upper opesinigoborshdeing iftgumad IAB thread@d ias Wt ci8 Do trexeive upper end
of thg member such as, for example, a récording pressure qaugé 106,
or other suitable instrument. In the absence of such an
instrument, a plug such as plug 186 may be threaded into the
lower end of the housing to protect internal thread 182, and if
the test tool is to be lowered into a well, the plug 186 will
also help to guide the test tool in its descent.
Upwardly openiqg blind bore 178 of lower sub 146 provides
a chamber in which solids, such as sand, trash, et cetera, may |
settle and collect to thus prevent them from fouling thé test
tool, especially the sliding valve 225, shutter 253, and
.equalizing valve 200, or any of the tools used therewith, or
interfering with the proper operations thereof.
Equalizing ports are formed through the wall of the
ported section 144 of the housing as at 190 (see also Figure 4)
a short distance below internal doﬁnwardly facing shoulder 173

and equalizing valve 200 having a pair of suitable seal

rings such as o-rings 202 is positioned in bore 172 with its



val ve body 228 substantially abuts the lower end 229 of | ock-device 102,
and the lateral flow ports 170 are open or uncovered for fluid flow

t heret hrough, (this may be called the open position for the sleeve valve or
for the test tool) and its | ower pOSitLgEL in which the |ower end of vakve
body 228 abuts or substantially abuts tfie internal upwardly facing shoutder
163, and the lateral flow ports 170 are covered and fluid flow therethrough
i s prohiURRed endrd &4 b el d g 3Ru EE RS AP¥avar8hy of aehegd ssheyddenl ve

or of the test_tool.), Sleeve val ve neans 225 is sinilgr to that disclosed

in pat edt? 3 and Wi | Heh G A R IANT ARPERCRNA\ReLRV nREa bising
Phan ¢ néBae B0 G Brerettdarkads St tlotoe tirebiroudan (RS bore
P2 ar Srtinas 205, A6¢ dny TR £ AR noPELTL s HRRVFIRe Loper
Pnt er na” SeSBEE A Ah UAn AR (ke SolSIIEEG ORI Ph0RM )
line toghe Yosi¥ioEHdMh Urgve di@gél%dﬁ%ﬁrﬁ&@%ﬁ&iéési% fosi tion, and

an internal "downwardly facing shoul der as at 240 to be engaged by a.

sui t abl eqlla@4iz/t8 drl ¥E tPrAsdidlesd AUV drte b BAY eeiy@l ves fegdis) 225 to its
upper position within the housing 140. Valve body 228 is provided with -

upper and | owg uSRRFbW RN roug®s ithiee la tvqall Bl pores Prg and 246,

respectively, as shown. Upper seal neans 244 may- i nclude an o-ring 250 and

a speci gonktzollab Ve Ny Sildevas valve Aeamnd2Dfim & undmbérs soon to

" be explained. ' | | \J
Sleeve valve means 225 is disposed'within the housing

140 and is slidable thgrein between its upper position, shown |

in Figures 2B and 2C, in yhich position the upper end of the |

valve body 228 substantially abuts Ehe.lower end 229 of lock

device 102, and the l&teral flow ports 170 are dpeﬁ or

uncovered for fluid flow therethroﬁgh, (this may be calied

the open positioﬁ.for the sleeve valve or for the test tool)

and its lower position, in which the Iower end of vaive bédy

228 abuts or substantially'abuté the internal upwardly facing | \;j

shoulder 163, and the iateral flow ports 170 are covered and

fluid flow therethrough is prohibited. (Tﬁis may be called

the closed position of the sleeve valve of of the test tool.)

Sleeve valve means 225 is similar to that disclosed in patenﬁ

4,373,583 incbrporated herein by reference. '
Valve body 228 ;S prqvided with an internal.bore 230

which is a little smaller in diameter than the bore 232 of the

lock device 102 but a little larger than the bore 234 through



material. Two suitable materials for back-up ring 252 are RYTON
( Pol yphenel ene ‘Sul fide) or PEEK (Pol yefjheretherketon). Both RYTON and PEEK
are readily available fromfirnms which supply industrial chem cals. Lower

seal neansedd@iliiziey ¥alivecledes abre- 2B0Jo250adnd Bobgck28pisi BYazéd. The
sol e di ffference between these two seal neans is that the upper seal neans

has itgtbagk- ypperneénd asnath@3lgppanhdsadehotttdeseancagbebowethae | ower

seal neans has 1ts back-up ring on the | ower side of the o-ring, as

cl ear | yppeenend bifgtthes vaBvantodg. afl intarsali pacesst RBg is formedptef or ned
using test tool 100, the relative positions of the o-rings and back-up

ri ngs pnovhdeseal imtensa24upuaddiyctanbugdsheuldeer 338 spnke engagedssure
inside the test tool may, at times, exceed that exterior thereof., Thus, in
t he upb¥rassditabins f2eXiblpeldoei hgoholirl BRLGbBgGethe Sbeevendah%ek- up
ring and in the | ower seal neans, 246, the o-ring moulg gg bel ow t he back-up
ring. ) Meanfay2BetAedtFabPEer oPRFbLi AR 2283 R (PTFFRR2 250U HY si des of

h o-ri 250 bl h ith d diff | al '
o1 t her EaF18g: SBRULER 88 fhy 20 ENCBRAFEPRdT b doet Fant s P FREBIAG) or
I nj ect | testing, Thi I ' ] | t I f
the-vatvBenEap o8r BaFeTRY) fnBreFERL Ve IR, B0 &8 BRI ubREE S Nhen

changiﬁgiig§6nt¥p@ﬁi ThgeShbdiggVvRkye 225 carries a shutter nmechani sm

whi ch es It possible to use a resilient seal such as an o-ring which

i1 eront ol B Ce ey Tt P e e T e hody 228
carri esp@rshpése1idhd YbaLhmesHis CACSL 1264 and 246, respectively, as
shown. Upper seal means 244 may include an o-ring 250 and a
special back-up ring such as ring 252 made of.a suitable
material. Two suitable materials for back-up ring 252 are
RYTON (Polyphenelene Sulfide) or PEEK (Polyetheretherketon).
Both RYTON and PEEK are readily available from firms which
supply industrial chemicals. Lower seal means 246 likewise
includes an o-ring 250 and a back-up ring 252. The sole
difference between these two seal means is that the upper seal
means has its back-up ring on the upper side of the o-ring
while the lower seal means has its back-up ring on the lowver
side of the o-ring, as clearly seen in Figures 2B and 2C. (If
injection testing is to be performed using test tool 100, the
relative positions of the o-rings and back-up rings in the seal
.means 244 and 246 should be reversed since the pressure inside
the test tool may, at times, exceed that exterior thereotf.

Thus, in the upper seal means 244, the o-ring would b2 aoove



| ower end portion and covers the | ower seal neans 246 when the valve is in
its upper position, as shown. The upper portion of the shutter 253 is
reduced in outside diameter as at 253a and extends upwardly beyond the

| ower seal means 246. Near its upper epd, the shutter 253 is provided-wth
at | east one and preferably at |east t W ndows 254 in each of which i\gva

| ocki : : o . Ei
00! PG H B AT EmTnE S IR Sla 2 fd A SER e S0 P30 Pl oure
nner A MOS8 pddkFP LG e a0 ddt e he val ve 1 s
in its upper position and the upper portion o he shutter 3 1s housed in

enl ar ggft JAide BhadkLis HREr290WH M 8P Wi d¥s 192, ed 8 6 0Cki§1 02461060 256

are confined to their inner position in which they are engaged in the

ext er n@nady el tdfe QeSS st G fryuad idi g il presdur &8Irimcei eest he
val ve body 228 to thus | ock the shutter 253 on the valve body in seal

coveri i@l deatildrmsudiheas Ny aieraduart et dd din tproddetien testiwer st andabl y
equal to that of bore 148 of the upper body section 142 in which the upper
seal meadyors igxiedtign tesfiged afThdls woudsh newesssitstewiderdqalof o bore
162 in which the | ower seal neans is housed when the valve is closed. Al so,
t he i nf&e §gRal gfeqassss off ddhe vadvel bpdn@ 2855 butustowld mboriiakel thie h a
smooth finish suitable for these sliding o-ring seals. Wen the val ve body
228 i sneGdcd@® treanrangwtheseadisoWhesns heaging mefilk £YPeSs by a syitable
shifting tool such as the down-shift tool 262, seen in Figure 5 and having
its | ower pomhico®lidtifg vadveedRS Fanrd@se 3 Shudtae mehad isme Wil gh on
makes it possible to use a resilient seal such as an o-ring . \oo/
which must be moved past the lateral flow ports 170 even with a-’
tremendous differential pressure existing'thereacrdsst Thus, .
the valve body 228 carries a shutter 253 which surrounds its
lower end portion and covers the lower seal means 246 when the
valve is in its upper position,'as shown. The upper portion of
the shutter 253 is reduced in outside diameter as at 253a and
extends upwardly beyond the lower seal means 246. Near its
upper end, the shutter 253 is provided with at least one and
preferably at least two.windows 254 in each of which is a
locking lug 256 which may be in the form of a ring segment.
.See also Figure 3. These locking lugs 256 are slidable
radially in the windows between inner and outer positions.
In Figute 2C, it is seen that since the valve is in its uppet
- position and the upper porﬁion of the shutter 253 is housed in
"enlarged bore 156 of the upper housing section 142, the locking

lugs 256 are confined to their_innér position in which they are

engaged in the external annular recess 260 formed in the outer



a string of tools such as wireline tools on a flexible liné, the |ower,

t hi ckened portion of the shutter 253 noves through first enlarged bore 166
of the | ower housing section 144, then through bore 164 and past the
laterat flow port 170 to becone abutted vgth seat 165. Thus, shutter 253
enters he carefully formed bore 164 where it is a fairly close fit and its
care- fully fornmed_ | ower face 253c abuts the upmardlghéznﬂ ng seat_.165 with

fairly i rAUTEAce Dhteke YRLVR AW 132&HA WYS ARFK I R (YU t47° 1%t er al
Tove Gowle FHRS (RIHELR AL AP RIdth BIAE SV e b TS A AR 226
Cur of t ISRk 15he pirac 688 T pdsker iy M | ihciEl HEPR
\jvief1 th éL ﬁgqg%séng&%%%a\?ﬁé%sﬁea teiraogf%’f@oz\jidﬁ?rr{l?‘v\hl eit eé/ﬁjpspeea;lzﬁaea a?ggbl y
atoral T R A B The T ower” el ring

from shutites P RED BEVIRWEAtselI5 nddns e Houg b wheb 2 e lvat ved sseal
suitabl e chanfers are provided to prevent damage to the o-ring. The | ower

end of bqflesib. ofaAXdY) tife Aathdrs Wdllr et ahese Botesnd 48 A 2ENORSEG2 i S
flared at its upper end as at 162a. As the sliding valve 225 noves downward
and t he ImusEd noe |pigsy i2566d noivieh @utsmofo tdo rffiindishy sydrtabllss fond theise | ar ger
bore 166 of the | ower housing section 144, and as the |lower end 253C of
shutter 283 ding artsingsealss, the inclined wall which defines

N\ When the valve body 228 is forced to its lower position,
as seen in Figqure 7, as by a suitable shifting tool such as the
‘down-shift tool 262, seen in Figure 5, and having its lower
portion formed as seen in Figure 6, lowered into the well on
a string of tools such as wireline tools on a flexible line,
the lower, thickened portion of the shutter 253 moves through
first enlarged bore 166 of the lower housing section 144, then
through bore 164 and past the lateral flow port 170 to becone
abutted with seat 165. Thus, shutter 253 enters the carefully

U/ .formed bore 164 where it is a fairly close fit and its care-

fully formed lower face 253c abuts the upwardiy facing seat

.165 with fairly intimate contact to virtually shut off any flow

through the lateral flow ports 170. While the shutter 253 is

thus seated on seat 165 and can move downward no further,
continued downward movement of the valvé body 228 carries the
lower seal aséembly 246, iqcluding seai ring 250, downward, out
of the shutter bore 255, and into smooth bore.162 immediately

below seat 165. Thus, the lower seal assembly is now sealingly



the upper limt of external annular lug recess 260 in the outer surface of
the valve body will camthe I ocking lugs 256 to their outer position, seen
in Figure 7. Then, as the valve body continues downwardly to transfer the
| oner seal neans i.nto bore 162, the ext®##al recess 260 becomes positioned

far bel Qdhed %@m% %@@ﬂ,é e LA %hé%@&@affﬁi&ﬁe SLYE e WL

mai nt ai n eir out position dy rnits
| over pRgifaiOted N i el 11y @@%itﬁh%@w t hey
are expgﬁgte %%‘?teldl%aéte y ’Ea)felerow enl ar gedi re 156 t he housi ng and cannot

move UPLohes QigH,0-andisl 1 Nelow Imgmetﬁéwmd@éran flow spadesl position as

| ong as the [ower seal neans is bel ow t he seat - 165. The just-descri bed

means f gieReaitad.i Nard hei G el Yrans A iasg ithe slowyedsesl Qsing Hex @ap
necessitated by the lateral flow ports 170 is simlar -23- [err] that

di scl osgHuitkepabaiie 255 REOE iseat dFRtATtOa@isiny bef erBTae Idw
down-shift tool 262.of Figures 5 and 6 has its upper end reduced in

di anet ethanderirc suddakl etcpeE ity ane owided e qievant anzare Wi | e
bel ow the thread its dianmeter is reduced as at 266 to provide a

convent EbgaP—fiisig.ng Thec L oMEL. e Afolari23s t%lswq% 2594 tiferfkatptted.

in diameter as at 268 so that it may enter and pass through the central

bore 232Softt RE 3bo@RdhPUS IRAE t®N 1§75 d MHbatrab its I"?Rﬁerar?d“%sap%m al ly
upwar d f|0$l may be taking place through the test tool at the tine for
shifting §2¢3] ve closed the down-shift tool is provided with a plurality

of lon |tud|nal roun tton1f|ut such as, fl utes_ 269 ho to
prOVIdg a Iar he s 1 ing valve %%S moves downward and é%esioégdn

lugs 256 move out of confining bore 156 and enter larger bore o
166 of the lower housing section 144, and as the lower end 253C of
.shutter 253 contacts seat 165, the inclined wall which défines

the upper limit of external annular lug recess 260 in the outer
surface of the valve body.will cam the locking lugs 256 to

their outer position, seen in Figqure 7. Then, as the valve

body continues downwardly to transfer the lower seal means into
bore 162, the ekternal.recess 260 becomes positioned far below

the locking lugs and the outer surface of the valve body will
maintain the lugs in their outer position. Now, with the valve o/
~body in its lowér position, the lugs are locked in their outer
position wherein they are expanded immediately below enlarged

bore 156 of the hdusing and cannot move up thereinto. This

then, locks the shuttef in its seated position as long as the

lower seal means is below the seat 165.' The just-described

means for protecting the seal ring 250 as it is moved across

the gap necessitated by the lateral flow ports 170 is similar



capacity bypass and, thus, allow the g?$@-shift tool to nove down agai nst
such flow. The 'l ower end of the downshi'ft tool 262 has a downwardly facing
shoul der as at 270 and is tapered therebelow as at 271, and is small enough
to pasg uphwat diyséhesed shopatlent 2854530399 sincorpomntedhereindee agai nst
upwar dl ¥ faci ng shoul der 238 at the | ower end of recess 237 in the valve
body 228ferfrecehoul der 270 of the down-shift engages the upwardly facing

shoul der 238 of the valve, while the tapered surface 271 serves the single
function of e ddegnteeifbotooh 263 Q@wﬁ%ﬁ#%ﬁ%rﬁmﬂﬂdi§1ﬂﬁﬁaHﬁﬁquH%Freopen

the test _tool, the sliding valve_ 225 nust_be lifted fromits |lower, closed
posi t i LRMCeH iR gdtametey ARdst ed cﬁ%rf’tpc?sqd:f i ALAPHIEH: gur es

2B- 2C._ Thi P fti -24-.0of th I ' b ' I hifti

Cool Stborl it 68 hife BRfeY € S il AP AR S T i 1
t.,ool 300 i n Fi - 10, 3 tes t \ d
o " Eod T ofel, o A ad Pa SOV A P A ARG i 28 TIEL The

care Ul i S VA1 oo 2sd o SIGY B ABAE S A B arlhe

up-shiftt rising-a housi ng nenber

302 anseasd/ it SUO mbf entte NG| Pk ST u g0 2 AWMt ra IDYot e306 i S

internally threaded at i1ts upper end as at 307 to receive the upper sub
304, w2 ff thd Uiy | Feviath QR J N difkided @ olisdRiraib 135 fAlow30&rd provi de

an upwardly facing shoul der 310 and further reduced as at 311 to provide an
upwar @spefcaGi Iy sipmd e rf bk, masy Ydwowaking place through the test

" tool aE the time for shifting its valve closed, the down-shift
tool 1is proﬁided with a plurality of longitudinal round-bottom
flutes, such as flutes 269, as shown, to provide a large
capacity bypass and, thus, allow the down—shift tool to move
down against such flow.

The lower end of the downshift todl 262 has a downwardly
facing shoulder as at 270 and is tapered therebelow as at 271,
and is small enough to pass upwardly facing shoulder 236, but
is large enough to lodge against upwardly facing shoulder 238
at the lower end of recess 237 in the valve body 228. The
.shoulder 270 of the down-shift engages the upwardly facing
shoulder 238 of the valve; while the tapered surface 271 serves
the single function of guiding the tool on its downward travel
in the well.

To reopen the test tool, the sliding valve 225 must pbe

lifted from its lower, closed position, seen in Figqure 7, to

its upper, open position, seen in Figures 2B-2C. This lifting



Rel ative to the portion near its |ower end the upper sub 304 is reduced in
outside dianmeter as at 314 near its upper end and is further reduced in

di aneter as at 316 between the upper and | ower ends to provide downwardly -
faci ng shoul der 318 which is commonly called a fishing neck. A short =/

di stance above the fishing neck 31824+he upper sub is reduced in di anme¥er
and threaded as at 320 'for attachment of the tool string 322 by which the
up-shift tool nmay be lowered into the well on a suitaﬁle flexible line such
as flexfbthe| yakve2isTAENEPRYr 2saB15BALA SN EEIRGUEPC LT PRIET ofPF educed in
dianeter as_at 324 to provide.a domnmard%x iﬁ$ing shoul der 326, and is
provi deB-shiftsteadep08ndeRpt AnaR*EREEF n8f~tHPead 307 by which the housing

nb 302 i ttached _th h 4.h bl § 0
whi ch opens BBGnURr P £he ceabn PR rrEERcin Fhudtds 8- TP HESRNE 0 1
I der ab |, I - 25 i ' t 3 \
remhor bF o EEaRAFAoER £B8nPheEoshiooR) ELrootaelify thaftatds dpuemen

cross-gékkkggcg AORE aqi§§gn°§h?€h°M59°M@“@ﬁé|§aﬁéCE6615§@ﬂiﬁ§r 326 to -
rgned aper 3

provi de"a ures 2 on Its opposite sides to receive shear pin

334, apgdeAtheal RNt68YCEt33RgSpeaoyeen iMerigpee Sub 304 to confine the
shear pin and to prevent it fromprotruding fromthe up-shift tool as well-

as to prevenghkogp-ghifliecabeasopi bnebddés agnronsingtmeanse3@hear pin has’
been sheared. Shear pin cover 338 has opposite apertures 339 which may be
al i gnedombt bshagea B3dAsingt membep 302 andpanvipperceeBs3@her eThefor,
inserting or renoving the shear pin. This shear Ein cover is confined
housing member 302 having a bore 306 is in ernally threaded at

o/
its upper end as at 307 to receive the upper sub 304, while the_:
bore 306 is reduced in inside diameter as at 308 to provide an
upwardly facing shouldér-BlO and further reauced'as at 311 to
provide an upwardly facing shoulder 312, as shown.
RelatiQe to the portion near its lower end.the upper sub
304 iﬁ reduced in outside diameter as at 314 near its upper gnd
and is further reduced in diameter as at 316 between the upper and
lower ends to provide downwardly fgcing shoulder 318 which is
commonly called a fishing neck. A short distance above the fishing
neck 318, the upper sub is reduéed in diameter and threaded as at ~
320 for attachment 6f the tool string 322 by which the up-shift
tool may be lowered into the well on a suitable flexible line such
as flexible line 52.
The upper sub 304 has its lower end portion reduced in
- diameter as at 324 to provide a downwardly.facing shoulder 326,
and is provided at its lower end with an external thread 307 by
which the housing member 302 is attached thereto. The upper sub.

304 has a blind bore 330 which opens downwardly as seen in Figure

8A. Bore 330 of the upper sub is considerably smaller



bet ween downwardly facing shoul der 324 and the upper end 340 of the housing
menber 302. A mandrel assenbly 350 conprises a nandrel nenber 352 and a
mandr el extension 354 secured togetHer by suitable nmeans such as, for

i nstance, thread 356. The nmandrel assenbly could, if desired, be forned in
a singl®e piece. The two-piece, threaded‘?grn1nay be desirable since the

th d | g. id f | st | t nmb

1 nocacth ThERBKPBakBR o BRAaCE BroBshhr<hRTakfdchinily Fle B e BT T

[ i t ' drel nber 302 and drel t ' 354,
e ShowEoaRoChelaEaneoetRE 0N 5C) 1T rel casably herd fixed in the housi ng

assenbly by shege Rpped38ubhiflh is 689581 NedPEr shbLt 38Bstddde iIBE1low
opposite ends occupylng the opposite apertures 332 in the upper sub 304.

-26- AN g¥ekaRrE1anpatahgl SROGEdSH0326 E6T PESh Die t HBigoeer apattfes he32
mandrel extension and a coil spring 362 surrounds the mandrel extension

Wi th itsomofes epgobttei sgddownaretgiveoshéde pimeld34 dendfa esHeamapin
flange 360 and with its upper end bearing upwardly agai nst the | ower end of
t he uppecosed 388.sThneundsectserippeBcubppl4 cko aconiingrtheishean pie
mandrel assenbly 350. The mandrel nenber 352 extends fromthe |ower end of
t he housAmd tenpeeventeitafrenodretruding réeom Ay uprshifhdqoldiag ance

bel ow t he housi ng menber, the nmandrel nmenber is enlarged as at 362. The
mandr el ¥RhbedSs | 80 pPESYERE 1P$H of pFhe 5893 A1 tgﬁ‘ﬂ'éﬁ’ﬁf @f%‘?ﬂl.ng

bypass \g é0§¥§§:5353_has been sheared. Shear pin cbver 338 has

o opposite apertures 339 which may be aligned with holes 332
. in the top sub to provide access theréto for inserting or
remoéing the shear pin. This shear pin cover is confined
between downwardly facing shoulder 324 and the upper end 340
of the housing member 302.

A mandrel assembly 350 comprises a mandrel mgmber 352 and
a mandrel extension 354 secured together by suitablg means such
as, for instance, thread 356. The mandrel assembly could, if
desired, be formed in a single piece. The two-piece, threaded

U form may be desirable since the thread could prov?de means for
adjusting the length of the mandrel member, if needed.

The threaded connection 356 is made secure by a pin 357
placed in aligned apertures in the mandrel member 302 and
mandrel extension 354, as shown. )

“ ' The mandrel extension 354 is releasably held fixed in the
/_houging assembly by shear pin 334 which is disposed in apertﬁre
358 with its opposite ends occupying the opposite apertures 332

in the upper sub 304.



as grooves 364, the shape of which is better seen in Figures-9-10. Since
four such grooves-are formed in the exterior of the nmandrel menber, the
sanme has a cruciformsection in the grooved area. The mandrel nenber 352
has a generous chanfer at its |ower end.pgoviding an inclined guide surkace
366 for guiding the lower end of the up-shift tool 300 into engagenent w#th
the test tool 100. Near. its l.ower_.end, the mandrel nber. 352 i s reduced
in dianeter adNa@X5EFnalRAnRulg Ll Ianes &:%;a f&ci ﬁé"@%ﬁd’rtthsen Wi &, as
shown, and % short_  di.st ance Lhereg%gve tQﬁ mandr el mher_is redyged in

di anet ePfathg: MIPSrsL, GXECRSION ARG AICY HaldPhd N A0 SREEAMNES 1 373
for a pur e.to.be _explai .atenr.... Fur ion of each of
t he IonﬂFggif%an%F&F&%Wbs §g41?§ QSFFﬁthgﬁFgféggngg?hdﬁgéiytxﬁ%%nn

groove B3 BSLEICLAACRICLILLAIMARSIRARRCL O IIRY s upblr P! end

and run as s reatl ance the bypass Capacity

of the \: e 13§ AGL ed .Capagi LS o this
openingg%ggﬁgﬁsﬁgxéggegy?%agﬂé%cFgégiéﬁfgi%ggb%¥eh§$ &gﬁ%ﬁaﬁgﬁyﬁ?gg as
shown i fhirkJuEBe8Bprihg Beyr aEiﬁDié& 8r gewARas@ibias teckhkeNmEhareq 9. | eave

four ridges 380, each of which is provided with a flat bottom groove 382,
as shovwgssembagdasoQn, each of the four flat- bottom grooves 382 is _
deepened in the area 384 which extends upwardly for a few inches fromthe -
reduced di anethe pentired Béfbet 852 emhdnds feohetheAlowelreendeniferth®86 is
tubul ar, having a bore 387, and is formed with an external flange 388 at
its uppeoushdg Mmamber bore, as shown in Fiqures 8A-8B. At a short

distance below the housing membef; the méndrel member is ' QJ

enlarged as at 362. The mandrel member is provided with a

plurality of'longitudinaliy extehding-bypaés V-groo#es such

as grooves 364, the shape of which is better seen in Figures

9-10. Since four such grooves are formed in the exterior of

the mandrel member, the same has a cruciform section in the

grooved area. °

The mandrel member 352 has a generous chamfer at its

lower ehd providing an inclined quide surface 366 for guiding

the lower end of the up-shift tool 300 into engagement with the \;)

test tool 100. Near its lower end, the mandrel member 352 is |

reddced in diameter as at 368 providing an upwardly facing

support shouider 370, as shown, and a short distance thereabove

the mandrel member is reduced in diameter as at 372 providing

an upwardly facing inclined cam surface 373 for a purpose to

 .be explained later. Fufther, the lower p§rtion of each of the.

ldngitudinal V-grooves 364 is further enlarged by a round-

bottom groove 374 extending upwardly from the mandrel member's.



coll et menmber surrounds the mandrel nenber and is slidable |ongitudinally
relative thereto, and has its flange 388 di sposed in bore 308 in the

housi ng._nmenber 302. A small spring 390, within the housing nmenber,
surrourmds the mandrel menber and has its-2apper end bearing upwardly agai nst
the | ower end of- mandrel extension 354 and with its |ower end supported on

the uppefoged @hd RRdC HuneiinEHaer agB@tt 373PRY sA ol@VbeRigt ity ehdvapice | f
desired, the upper end of the collet bore 387 can be enlarged to provide a

recess fehet bgpheseicapadi®ly oF ithe ¥9grasvebown Thilse iadrleasedeblypas386 i s
provided with four slots 392 at 90 degrees, thus providing four collet
fingers 88facikhy uspdmpoartiindn whient b isobpenimgniienlsusr engdgedandr ¢he
menber 352 and the downwardly extending collet fingers 394, each occupy a
f | at - bot cdasgr 66¢&1882 boaerod Nﬁl&!&chOgV 2R8 asushpwigds Fégure 8B238- Each
collet finger 394 is formed with an outwardly projecting boss 395 at its

| oner end havi R§eaf@YFnRAPASY BEEPNESI A€hirnd8 §BERe iBuFRgUES396 4/8VEN

dl f i i | i d latch 397 .sh w h [l et i i
L W e
| u u i | A u 4
e aper” dB2ands, Shtvna; 1, 840806n° e ch o5  Eher §Rh L ET Ak The
i ph h i bagk i t i t b
fﬁé'PeﬁL§8§E8?a§£?§9g%§???32938§Qg?ﬂgﬁe§§aﬁgﬁgﬁfﬁgﬁgg?_“Oﬁgﬁrgﬁggﬁgﬁg?e| Y
menber npuga,doYnebe! al Evg LAchBE EpbhetnEeRbAL ceds dthRRLERCEE Pl B33

becones sheared as seen in
% 372 of the mandrel member.
A collet member 386 is tubular, haviﬁg a bore 387, and
is formed with an external flange 388 at its upper end. The
collet member surrounds the mandrel member and is slidable
longitudinally relative thereto, and has its flange 388
disposed in bore 308 in the housing member 302. A small spring
390, within the housing member, surrounds the mandrel member
and.has its upper end bearing upwardly agaihst the lower end
of mandrel extension 354 and with its lower end supported on
the upper end of the collet member 386 to apply a downward bias
thereto. If desired, the upper end of the collet bore 387 can
.ube enlarged to provide a recess for the lower end of épring 390
as shown.
The collet member 386 is provided with four slots 392 at
90 degrees, thus providing four collet fingers 394. The upper
'portion of the collet member surroundg mandrel member 352 And
the downwardly extending collet fingers 394, each occupy a‘

flat-bottom groove 382 formed in each of the four ridges 380.



Fi gures 11A-11B, the reduced dianeter portion 368 and the cam surface 373
adj acent thereto are below the | ower ends of the collet fingers ‘and they
may then be forced inwardly, as they would be when being rel eased from
their engagenent with the valve body 228 of the test tool 100. O courssg,
during the engaging-operation, as the T8&8r end of the mandrel nember ¢

t th ‘end_of 't | 28 he | A d of th let fi
Contact the | RePhnBALIstad aiRFadato38 SPEPRE VA58 90 BRRYSKILYcannot ent or
the b th f sj [ -29- suffici
end of RFRIRGRORE) RERoAI St B chEs, 109Rh, B3, hALERD, B HBNAURF ALYl £anGo "

ti d. sth Ll.et 1P I tieng; LR € ith th
pper  okBebiREHos 3. SuEdpeE aFF RAC, ARCERRSEALY  eABsnR LRELPRRAL LT e

menber an ousi t S I ing 390 is conpressed. After the cam
surfacef%€§go?ufEgcﬁaﬁggérgéeﬁgg?hbegins to pass the | ower end of the

col bet finger hendowgwaed §or¢q 2eB! i8Wek OpbBeceehl, ekhagai nat the guide
surface 236 (@%ghF?SgrEB%%) in the upper end gf the val ve body will cause

the | oweiq@P&sOBaLhs,cehkelofbnoendst off the colmed! fihgeak! pesthapoho enter
and pass ?hrough.the short tight portion of the valve body bore and enter
t he i ntigpwatd1gceasiRgd7 supponhi shouldert 320 cneart thel Lowenedndt offythe noved
toits |lowernost position by spring 390, seen in Figures 8A-8B. The :
up- shi fhan@oél i means, cagdgébeirt boshesviffecevbaypdanutwarglyibeypndesnet he
upwardly facing | atch shoulders 397 of the collet fingers will engage the
cor r es-pepiphegydofinthedmanfiael ngeraschbekngl Beckedoupt agaéngppaAYaRE of
internal recess 237 of the valve bodg, as clgarkg seen in :

movement by the reduced diameter portion 368 of the mandrel L

member. When the mahafei member moves ddwn relative to the

collet member, as when sheaf pin 334 becomes sheared as seen in

Figures 11A-11B, the reduced diameter portion'368‘and the cam

surface 373 adjacent thereto are below the lower ends of the

collet fingers and they may then be forced inwardly, as they

would be when béing releaééd from their engagement with the

valve body 228 of the Eest tool 100. Of course, during the

engaging operation, as the lower end of the mandrel member

enters the upper end of the valve 228, the lower end of the W

collet fingers ccntéct the inclined guide surface 236 of the

.valve body but cannot enter the bore thereof since there is



Figure 8B. The collet fingers 386 are understandably |ong, narrow and thin.
Accordingly, they are readily flexed. To confine them against flexing
outwardly and getting out of their respectlve fl at-bottom grooves, each

col let~finger 386 is preferably formed W2F an el ongate internal boss 398
f or med™'s shomn in Figures 8B, 9 and 11B, and with an elongate sl ot 398a

through v é’r?tl.r %mda‘?%dﬁf‘f};“t%gﬁﬁ'%é%%f@fe%’e Cipﬂ}fé%éieer s

bei ng recelve I'n alignhe forme e sides of the

f 1 at - bot t{R OF OOMESweASY S WV:h el M nldHear m@hblaqsao%%nlu%ssldodabb%d N e
deepened portion 384 of the flat- bott om grooves 382. The slots 39da permt

up- and- dQyyn e GraiEe ©f r dritei | derit i@y Tonthati we tho tiendpple rMiHER0£352
while the pair of pins 399 maintain their alignment within proper range.
VWhen t he dye shilfve thaady 30urs natthiied dowheatride moviediend ofl ¢the?dandrelhe
‘test tool 100 as seen in Figures 8A-8B, lifting of the up-shift tool wll

al so |i f menberslant npusing, tife soalde spirfing $00aighcompuassdegul | Afiteres

i nadequate for this operation, upward jarring inpacts nmay be reqU|red Such
Jarrlng|Q#emﬂamIaﬂiﬁiQﬁmﬁk%ﬁﬂbﬁ@ﬁa@éﬂdé§ée@ﬁﬁpﬁy PRILRS &Oi BRESNEDS t. It

is also well known that fine.instruments, such as bottom hol e
pr essur eddfss erdof rﬂt%rﬁ%‘-le& £iagersat £hgndownyprd 9%5§carBy 11‘-‘:9’ °ng,

and are v S|ve her ef, r.ot ect Ltable
ook Sptha) eBIE sk ches e sukdate; oAb doee, FitkEeudhlotn: thook
forces eyen thoy o’PSt%eOfvatl@% LIRECH 119" G88sd” Enter P LEY of the

L collet fingers to flex inwardly to allow them to enter and paés

through the short tight portion of the valve body bore and
enter the internal recess 237, at which time the collet will
immediately be moved to its lowermost position by spring 390,
seen in Figqures 8A-8B. The up-shift tool is now engaged_with
the valve body and if it is lifted, the upwa;dly facing latch
l-shoulders 397 of the collet fingers will engage the corres-

ponding downwardly facing latch shoulder 240 at the upper énd
of internal recess 237 of the valve body, as clearly seen in

: Figure 8B.

\/ .

‘The collet fingers 386 are understandably long, narrow
and thin. Accordingly, they are readily flexed. To confine
them against flexing outwardly and getting out of their
respective flat-bottom grooves, each collet finger 386 is

preferably formed with an elongate internal boss 398 formed

" as'shown in Figures 8B, 9 and 11B, and with an elongate slot
4

-

398a through which a pair of spaced-apart pins 399 extend,

their opposite ends being received in aligned apertures 399Dp



harh1ess|y to the well tubing. In agg'gion, t hey shoul d be handl ed,
transported, run into the well, and I'led therefromvery carefully so as’

] due d ' hould b
e 2 R i B S O L S T T sn,éag%;

i Ei B~26, :Lhe, up=shi f | | i k.and muis® b

it scHiBetAL £3sE 38k 15"ELIBaBIL Lo £Re A8SoCRR! BhEEbAC¥T erld T O

t ool 0 i B9, t dat L ot I S,,237..af val ve
body" 390t L4 SuBPEEOR BRoG0AROSARN! e Sfpld 5984 pEERSECHEHMnGLbUR YOI OF

Mani fui éthd P8 OF ERE ELEXED! £ih§dLs Sre AL § OO o Shi e B2Remi¥lE N35pvar d
I npacts apply an upward force to the upper sub 304 attached to the tool

Strivigi BR2eRensaNe &0 pins 399 Rainf@RIWIrEl e BSSEMPENmERE CPitSiRi Nned by
-shear pin 334 to the upper sub,. is firmy latched into the val ve body 228
by exyggamerdngd. the collet finger bosses 395 in recess 237 of the valve
body. This tendency to force the upper sub 304 upward relative to the
mandr el ad8esthl thev up-skifertael 30 icarleftidied apto echelpybi dingpact s,
cause the shear pin 334 to fail, thus permtting |arge spring 362 to expand
and viadrvse 22 ofarithel test dmnly Idflvasmrstareliat i Riggumes HBA+§Her sub 304, and
housi ng nenmber 302. O course, at first, the housing nobves upward until
upwa Ka@hdghsp-vari 31 2qql id hadsiond infitnifdve enljiadfions tvelvener si de
of external flange 388 at the upper end of the collet 386. By this tine,
t he Oh&RuLsiay 344 3 Stqaightspaagdd puld prevIes Haagaguaheo&EPr that the

space .bet ween the | ower sjde of, .
this operation, upward jarring impacts may be required.

Such jarring is weli known and commonplace, especially in the
slickline art. It is also well known that fine instruments,
such as bottom hole pressureqﬁmges,-for instaﬁce, are delicate
and easily damaged by jarring, and are very expensive too.
Therefore, they shquld be protected by suitable shock absorbe:
devices for insulating them from potentially démaging shock
forces even though most of thé impact forces are transmitted
harmlessly to the well tubing. 1In addition,_they shouid be

' handled, transported, run into the well, and pulled therefrom
very carefully'so as to avoid undue shocks and damage.
Clearly, every precaution should be taken. |

When the sliding valve 225 arriyes at its uppermost

position, as.seen in Figures 2B-2C, the up-shift tool has
-completed its work and must be disengaged from the sliding

valve 225.

L]



the collet flange 388 and the upwardly facing shoul der 312, as shown in
Figure 8A is provided to permt shearing of the shear pin 334 w thout such
upma[g“forces being applied to the rather fragile collet fingers. Once the
shearua;1334 fails, the spring 362 w I431+medi ately force the mandrel
assenbl’y and the collet downward, relative to the housing menber. The

‘col | et soon st ofps Miséd§agdoawe s bt aglgjs %8&“ ' Hlﬂ,y%rdl y facing
shoul der 312 in thelungi%g nedgﬁ? %ﬁﬁetﬁagﬁan re \M%ék assenbl y

cont i nuesertgagamen tloimvetiel intddndhe evdsy 7 fd Anase 380 & Hh, nesglr el
extension 354 cones to rest upon upwardly facing shoul der 310 of the

housi ng mpwWsxd Jersisey impddtpirar el bplidd tics the JmviE IS teqas| tH i g
the mandrel nenber, and in this position, the | ower ends of the collet
fingers Maaipudatiiprorpf Yhee filemibil e Hd nearsd @lndrardnel st et . r enrss
372, as seen in Figure 11B. The up-shift tool 300 may, at this tinme, be
lifted fMO¥aFd iMPAGES aRRYY amapvasd foaree ¢p tthe appen subngéds f 1 exing

carm ng’ POEARE At 5t (1R, G0kt A A2 LeBL00 e Lhtarif A AL MARdr el
Gownwar AATSFABIY WHER 6 BABER DY hsABePIBad I SOt APBEECBSE B of
the test thani, datenelldned MelBatle boi§0 22l by Ghdaiifuent BEeRE, (0%
FaCsli droieY) faRer, Hoeskauonl i EecRls b3 bRS s ¥allRNBERY | O mpise

I owered tBh@ehB? to force the upper sub 304 upward relative to the

mandrel assembly will, after several carefully applied upward
impacts, cause the sheér.pin 334 to fail, thus perﬁitting large
spring 362 to'expénd and force the mandrel assembly downward
relative to the upper sub 304 and housing member 302. Of
course, at first, the housing moves upward until upwardly
facing shoulder 312 in the housing member engages the lower
side of external flange 388 at the uppef end of the collet

386. By this time, the shear pin 334 is fully sheared. It
should be understood, that the space between the lower side of
“the collet flange 388 and the upwardly facing shoulder 312, as
shown in Figure 8A, is provided to permit shearing of the shear
pin 334 without such upward forces being applied to the rather
fragile collet fingers. Once the shear pin 334 fails, the
,Spring 362 will immediately force the mandrel assembly and the
collet downward, relative to the housing ﬁemger. The collet
soon stops by its engagement of its flange 388 with upwardly

facing shoulder 312 in the housing member, but the mandrel



well on a flexible Iine to engage the test tool, release the lock device
102 and retrieve the test tool. It is inperative that the retrieving tool
be conpatible with the | ock device used. In Figures 2A-2C the test too
assenbly 100 is shown to include a Iockaf device well-known in the =
industry as the Qtis Type X Locking Mandt€l. The retrieving tool - - v
recomrended for retrieving this |ock device is the Ois Type GS Pulling
Tool mhl%ﬁs¢@¢b&s@§th"P@§p%%s%PY%)QR”%W@EQ!?Qﬁ*%rﬁﬁ?rﬁ%&ﬁ%?al flange)

however, the val ve of the_test tool Eigfe retrieved is in the cl osed

SR A P Al

necessar ?{)"%d%h%“ gﬁﬁaﬁﬁi%ﬁ %r*bo‘f%IQ%é“er'@ﬁﬁhéwﬁ é? b1 #eq'l&"s\e/\henyt he
Lteitlrig\éij{]f% o EE VRS Bt e i S £ e DU .'g%‘%ezf (ot
ana el A GGk S, Do RRLbE, e E’l%a‘ige*a ‘e B4 Oﬁﬁ? Wﬁ%‘a@é;ebe

rel easedcfé?ﬁ Peort 6‘§t1é@@i wﬁﬂlﬁi@%ad%&feqr rmém:é@'flaw@aﬂaa, ddcds$s seen
that a tabl’e equalizing prong is illustrated and is indicated generally

by the refe; efsesseneirl rfgore THEs SqUMd APGHIMNEIEE 306 iy Sidle €hpsret er
reduced at its upper end and threaded as at 432 for attachnment to a

sui tabl ecimd J i IDFE@O! frdeadf ithe ltwwy o, tilee cpwdr zmis pHrthés
enlarged as at 434 and this enl argenment is chanfered at its |lower end to
pr ovi de o Xy W rtlg é B ef Pelx Dy dmveard]ayceasﬁl&&rmlmtééam e i ef er abl y
recess 372 and due to the inward camming forces resulting “_ -QJ
from the cam action of the upward inclined shoulder 397 on
the collet finger.boss_395 coacting with the corresponding
dowﬁwardly facing shoulder 240 at the uppet end of internal
recess 237 of the valve body 228. Thus, the up-shift tool
will be readily pulled free of the test tool and may be
retrieved from Ehé well. |
When it is desired to remove the test tool 100 from the
well and the test tool happens to have its sliding'valve in the
open position, a suitable retrievigg tool is lowered into the U
"Qell on.a flexible line to engage the test tool, release the
lock device 102 and retrieve the test tool. It is imperative:
that the retrieving tool be compatible with the lock device
used. In Figures 2A-2C the test tool assembly 100 is shown to
.include a locking device well-known in the indus;ry as the Otis
Type{x Locking Mandrel. The retrieving tool recommended for

retrieving this lock device is the Otis Type GS Pulling Tool

which releases in response to downward jarring impacts.

.



plurality of slots 438 are forned inQ the promg's outer surface, and these
slots begin at' the 1ower end of "'the prony and extend wel | beyond the upper
ext ent, of the guide surface 436. See also Figure 13 which presents a bottom
vieM/qgﬁthe equal i zi ng prong 430. The gui surface 436 gui des the prong

S

| uide
past ul ders and obstructions in the webl and into the test tool. The

~equal i zing prong cones to rest with the-guide surface 436 in contact with
the funnel-1ik&E:| hpegvepspethenwadveppfethgqtest_Baolkorhe eghaleYefg

val ve closure 200. The slots 438 of the equalizi%g grong Provide anpl e

fl ow pastagénf shewelpsedupPasisdonpnal twhE M ABVRRERESH oY r FAGEIIDECE Y are
delivered to the egualizing closare 200 through the eﬂugllzin pFong 430 to
drive itthewhPasBibhcb0er £AR aRdarfLrRYaRET (EuAobRe REC PV N FPOhot nake
sealing contact.with_the _equalizing | v ' Fzing and
retrievaF°058g5fF3ﬁsFh?egfg#og?°i04 g? #$g€$g§h5§§§%§%g§ gggﬁé%eégribed

her ei n- . DE | ACI Y . W r G p cti I Sth&g where

f1 ui ds, gﬁﬁ‘?’{%%hg Brpghhcfwo‘ﬁgﬁhgég?gﬁ’%@gf?gﬂmyt o Pelip Ubifotagg wWicte

wel | and,theRel PhgUEboL henYREkst theNgese £661 5ucd Peful Aldlnpwghd t $at r ingl
104 can Be used 1N injection well testing in which fluids are injected from

the surfagmpatbsodgh tbe11ebl tot Potbe tiwenequalizinglvakbeé chosinee p20d or med
with a sinpler, shorter, and less costly test tool. Such test tool is :
i |l ustra{epdgipe Fegyir dswihdtandnédveRetireréquahizming popts eb9Usanthas, a
wel | test tool for carrying out infectivity tests of earth formations is

i || ustraegdatibetioncafl praaguragi above drelow Byetfest tool may

— take place, after which the 1?ck device may be released and the
- test tool retrieved. .
Referring to Figure 12, it is seen that a suitable
equalizing prong is illustrated and is indicated generally
by the reference numeral 430. The equalizing prong has 'its
outside diameter reduced at its upper end and threaded as at
432 for attachment to a suitable retrieving tool. Near its
lower end, the equalizing prong is enlarged as at 434 and this
enlargement is chamfered at its lower end to provide a downward
U/ tapered guide surface 436. At least one and preferably a
plurality of siots 438 are formed in the prong's outer surface,
_and these slots begin at the lower end of the prong and extend
well beyond the upper extent of the guide surface 436. See
also Figure 13 which presents a bottom view of the equalizing
prong 430. The guide surface 436 guides the prong pgst
.shoulders and obstructions in éhe Qell and into the test tool.
The eéualizing prong comes to rest with the guide surface 436

in contact with the funnel-like flared upper end of bore 234



ref erence nuneral 450. Test tool 450, as shown, includes a heusing 452
havi ng an upwardly opening blind bore #54 which is enlarged and threaded as
at 456 for attachment to suitable | ock device 458, and providing an
“upwardly facing shoul der 460 agai nst which the |lower end 462 of the |oek
device is tightened. Housing 452 is provyjded with lateral flow ports 46#*
for comunicating-the interior of the héﬁ%lng Wwithits exterior. Further,

t he -35- housing bore 454 is reduced i'n size as at 466 providing an
upwar di y £f %ﬁb”gq%taQHzih@ﬂvﬁqrveAf@&osﬁQ@ 2606 | The et Al4Ig of @y end, as
shown. The | ower end of the housing 452 is provided with-a thread as at 470
for attaghapibial propepiptiond denamplreflow pdssiaiged.foaucie vleEuudidy

i nstrument (not shown) nay include sensor neans responsive to well

condi ti snsthathwahen Gownwastdarjeer ipgeigpactandier dedmyearadite, tore t he | ke,
and which may be like instrunent 106 of Figure 2C. Bore 466 provides a
chanber equaiandngr ap osor ec@00ethiaygbattieorquahdérz iy ipdonghidGil mey drift
down from above. A sliding valve 480 having |lateral ports 482 and carrying
t hree s@uivd- dpadowacand ungonNesstbeakanardsings poirssdildfossiiei prismye 454
of the housing for sliding novenent therein between an upper, closed

posi ti oWilshagk MAkPi §6A410g, canBagt| BAER, thBeRIPadiEiiag, VaR¥&nand Fi gure
15. Movenent of the val ve 480 i ted at the upper end of its travel by
engagen@h?dﬂFtﬁhFhéqPé%éF18ﬁdaﬁ%2r8Frﬂﬁ¥a oBReYBF18S(see Figure 14) and at

varve is in i FesphapY dbdsel’ BEARERRnZBrAL b bedn” 435cETbed Rerdiin 11C

above principally with respect to production well testing where -;J

fluids, during the production phase, flqw from the earth
formation into the well and then through the well tubing to
the surface. Although test tool 104 can be used in injection
well testing in which fluids are injecﬁed from the surface
through ﬁhe well into the formation, such teét can be performed
with a simpler, shorter, and less costly test tool. Such test
tool is illustrated in Figures 14 and 15.
Referring now to Figures 14 and 15, a well test tool
for carrying out injectivity tests of earth formationslis
.illustrated schematically and indicated generally by the
reference numeral 450.
Test tool 450, as shown, includes a housing 452 having an
upwardly opening blind bore 454 whiéh is enlarged and threaded
,as at 456 for attachment to suitable lock device.458, and
providing an upwardly facing shoulder 460 -against which the
lower end 462 of'the lock device is tightened. Housing 452 ié
provided with 1atera; flow ports 464 for communicating the

interior of the housing with its exterior. Further, the

¥



| ower seal rings seal one above and.one bel ow t he Iateral flow ports of the
housi ng, the seal s being seallngly engagéd bet ween t he - housi ng and t he
valve. No flow can take place through the test tool when the valve is

cl osed, .as shown in Figure 14. When the valve is in its |ower, open
positiOF, seen in Figure 15, the lateraljgorts 482 of the valve are aligned
with the lateral flow ports 464 of the housing and flowis permtted to
take place through the test to 6-, The val ve 480 |s p .ovided with an

i nt er nal hoMsEdg ep dr%g‘eéJ“di?\ﬁan'r EI"fef ASi R HPSuPFEY ?%ﬁi"ch i s
bos: Lt on upvRtdlh Ractng £ Rasiid aelh aBoERAch ttvsfali Pasd Aoty ®

{ EE”LSFC&@Z‘@ § ol ST odng Loy i ¢ 85" S oy inle, B i e eas
185 A sy Wt o g sl 1

housi ng fj éJu%xM‘%ethﬁ% Mhigl@p! Q%cb%%tmgoqhs%é%@ntFI(%rtegh%nand 15

S structure oppositely in that its valve 480 nust be noved downward to

i ts openmR@siihiciide BiSort iRahner Mesponisdveped’ wedyl kenditlioad sachess,t ool
104 and, simlarly, the term "down-to-open" nmay be applied to the test tool

450. WheEo&hanbmﬂhdauﬂpnﬁikunk apéyoxs teaperatuFieguoe the flikiedsamdy be
down the tubing, through the test tool, and outward through its ports 464
and i nt owhliehf mayatbieod ike -insgauaeny dR6 @l Figuwmel 2CoondoLeoA§6ar e sensed

and recorded .
O provides a chamber or sand trap for collecting sand or other

solids which may drift down from above.

A sliding valve 480 having lateral ports 482 and carrying
three spaced-apart seals,,such as seal rinés 484, is disposed
in bore 454 of the housing for sliding movement therein between
an upper, closed position, shown in Figure 14, and a lower,
open position, shown in Figure 15. Movement of the valve 480
is limited at the upper end of its travel by engagement with
the lower end 462 of the lock device (see Figure 1l4) and at the
lower end.of its travel by engagement with stop shoulder 468.

When the valve is in its upper, closed position, the two
lower seal rings seal one above and one below the lateral flow
ports of the housing, the seals being sealingly engaged between
the housing and the valve. No flow can take place through the
test tool when the valve is closed, as shown in Figure 14.

When the valve is in its lower, open position( seen in
Figure 15, the lateral ports 482 of the valve are aligned with
the lateral flow ports 464 of the housing and flow is permitted

to.take place through the test tool.
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contlnuously by the |nstrunent (not shown), during such injection period.
The val ve may then be closed, as by shifting if to its upper-position, and
is left closed for a period while the wel | conditions continue to be
recorded. The val ve may be cycl ed between open and closed positions a§*~
often and as many tines as desired in order to performthe injectivity¥
tests which may be prescribed. -37=3brr Figures 16 and 17 a nore
practical structure of a down-to-open test tool is shown and is indicated

general |y by thgd &fBMRNUBIYEF owitied keSth tAP! i POOrhs1 PREELSS! a5bY
suited for use In carrying out injectivity tests. Test tool 500 is very

simlar iphowildiGig/ & dowrdva d18stfdcialg Mowlddt 09 2swRicHd, ianendagbable
differs principally in that the sliding valve mechanismof test tool 500 is

shorter ayda suitabledp-efitseddl tfoopevdoyniae tvglventoi itsaapper
equalizing valve. In addition, the housing nenber of test tool 500 is .
consi der pbls tsloar.t ek varld € Hes ladissy prdvicledork sh rnecupeardly| Haaind to a
much higher location. In fact, whereas the lateral flow ports 170 of test

t ool 104mrterln@datsémulrdqméﬂoml%mm@%e&ﬁgiﬂ\eqm ahguitableool 500

has its lateral flow paqrts 504 Iocat in _the u pﬁr usi ng sectlon 506 of-
t he housPRYNxSEHRA F f9 ?% zﬁ?d’ﬁ?t theS 1 t¥ef RPSEBECRs shown

exactly 1 Ke 1 1 RS ,@gg,bgefe %f“' ""b' Shit dtas Wi fegs ie ' Ealiipdto1pe
| ncl udes “eelousaus'we%c%%%t 'aore,a%()%téuoaméwa h g€ QN ?f&nanaamer

sub 522. PT
225 was shifted to its upper p051t10n to open the flow ports: -

of the housing for flow therethrough while the test tool 450

of Figures 14 and_is is structured oppositely in that its valve
480 must be moved downward to its:open position. 'Thus, the
term 'up—to-open"may be applied to teét tool 104 and,
similarly, the term "down-to-open® may be applied to the

test tool 450.

When the test tool 450 is open as seen in Figure 15,
fluids may be down the tubing, through the test tool, and
outward éhrough its ports 464 and into the formation sur-
rounding the well. Well.éonditions are sensed and recorded
continuously by the instrument (not shown) during such
injeptibn period. 'The valve may then be closed, as by
shiftiné it to its upper position, and is left closed for

'a period while the well conditions continue tb be recorded.
The valve may be cycled between open aﬁd closed‘positiohs as
often and as many times as desired in.order to perform the : -

injectivity tests which may be prescribed.



Upper housi ng section 506 has a bore 526 enlarged and threaded as at 528
for attachnment of the lock device 514, as’shown. Bore 526 is also enlarged
as at 530 to provide down- wardly facing annul ar seat surface 532, and is
further4gnl arged as at 534 and threaded as at 536 for attachnent of t he

| ower housi ng section 520. Upper housing iiCtlon 506 is provided with

| ateral flow ports 504 | ocated adjacent t annul ar seat surface 532, as
shown. -38- The | ower housing section 520 has a bore 540 which is

enl arged at 542 to provide roomfor the shutter 544 and |atching |ugs 546.

Th d of the | tion 520 duged tsid
di aet e and eifarﬁiﬂF?S?L#BSEBQ”ngSfngE perckicalnaeanctdzBnatufper

Eﬁgsiﬂ?efﬁ§§+§9?ﬁ?%s HOHE' 5P83897aP0%h &hanEh, 0firaNER SRR §§£i§ R
over, sube 22 gﬁxfpﬁcenheﬁg.@aﬂgsaale%Lusl 848" 1 5UBald49cRlaLhg (i st

enbodi nmen serves exact f he“sane unc g t he

| ower ends@f.téﬁ'ef@f?uéé@glﬁséEFP*Yné19ut°in?é@i!iﬁ'i89 gegegLai ner as at 550
for collecting sand or other solid particles drifting down from above, and

of providing a segnegbbdnseuchsageir eofietagoimestrasehbe tortpét aesgent of
a suitable recording instrunent 560, or, in the absence of an instrunent,

of a proteséprmmds\fam@uﬁéeczmu%ndsve;erbw diffees2prifcspallipginal ve
570 is disposed within the housing assenbly 510 and serves the sane
function Gisatli the hel sdingngalwe veeCRdnismtdf test tool 308 pseshonseéy

descri bed, bei ng
U and is inverted to cause it to open downwardly, and it has no

equalizing valve. In addition, the housing member of test tool
500 is considerably shortened, and the lateral flow ports have
been relocated to a much higher location.' In fact, whereas the
lateral flow ports 170 of test tool 104 are located in the
lower housing section 144, the test tool 500 has its lateral
flow ports 504 located in the upper housing section 506 of the
housing assembly 510.

In Figures 16 and 17, the test tool 500 is shown attached
to the l&wer_end'of a suitable lock device 514 which may be
exaétly like the lock dévice 102 of Figures 2A-2B.

Housing assembly 510 includes upper housing section 506,
‘lower housing section 520, and lower sub 522.

Upper housing section 506 has a bore 526 enlarged and
threaded as at 528 for attachment of the lock device 514, as
shown. Bore 526 is &lso enlarged as at 530 to provide down-

.wardly facing annular seat surface 532, and is further enlarged
as at 534 and threaded as at 536 for attachment of the lower housing
éecthlszo. Upper housing section 506 is provided with laceral
flow ports 504 located adjacent the annular seat surface 532,

as shown.



sl i dabl e between an open position-wherein it does not cover the |ateral
flow ports 504 of the housing and a closed position wherein it covers the
| ateral flow ports 504 of the housing. Sliding valve 570 includes a val ve
body 572 having a resilient seal such aggthe o-ring 250 near each of its
ends and a suitable back-up ring such as the back-up ring 252 adj acent >
thereto. The back-up ring in this case; however, is on the opposite side
fromthose in the fidwdr dousine Hectiivh 520 Itas UWWPLsraske Uphiéng bei ng
bel ow t he upper o-ring, and.ttre | ower back-up=ring being above the | ower
o-ring, ds smangediagtres? o provide Stodm aforngeaesiiu tser esd4amaended i n
cases where the test tool 500 i's to be used for injectivity tests,

parti cul ddtehimg dggs ke [Fhgh ypRes end O f fehentowes housimg section
encountered. The val ve_body 572 carrjies a shutter mechani smincluding a
shut t er $i28eds Tedugad |incioutgdde Aianatar rant ievrrenakly ytheeadedt a8
shutter 253 and lugs 256 .in the previous enbodi nent, thus serving to engage

t he. annuldr S9€aif oLyAtiashment £q, &he ppRer; RPYF IR ($ESELPR ¢ heThar LPURE | ow

ports 50 it possible t i the oO-.r.i i thin th hutter:
sl eeve afliga!g(ri\{'ga ls%é:ltltlr?g-’_ 2‘%5?15@&%? ?‘Jierﬁ:d Eblecglr‘i(; qié;é'to%qf%"«[aé_)hr?’o&iﬂbt%&n%e]e I n
Figure 1enpelay 2BR0I50G a7 QrittimeHte o M diPUSiN % 42, shiftabl e from
its upper, closed position, seen in Figure 17,”to 1ts Tower® open position,
seen in Figureqh@ 16HeUEMpUSS200had Y il M S fd he
down- shi ft tooITi’26_2 o_fe Figure 5, gr%e-vi Ot}z#ly descrl‘%%di%utﬂglou?gége&i?{ _
shorter kanglille BF theS Fl1ecRUSMbOIL MEME MY it ddveredl veadody e shga i n
t he open position is only a short : . _ _ .
function, that of closing the lower end of the housing assembly’ o

*

510, of providing a container as at 550 for coliecting'sénd
or other.solid particles_drifting down from abové; and of |
providing a connection such as ghreaded éonnection 555_for
attachment of a suitable recording instrument 560, or, in the
absence of an instrument, of a protector such as.protectoi 186,
seén in Figure 2C. |

A sliding valve 570 is disposed within the housing
assembly. 510 and serves the same functioh as did the sliding
valve 225 of the test tool 104 previously déscfibed,'being o
'slidable between an open poéition wherein it does not cover
the lateral flow ports 504 of the housing and.a'closed position
wherein it covers the lateral flow ports 504 of the housing;

Sliding valve 570 includes a valve body 572 having a

)

resilient seal such as the o-ring 250 near each of its ends 
and a suitable back-up ring such as the back-~up ring 252
adjacent thereto. The back-up ring in this case; however, is

on the opposite side from those in the first embodiment, the -



di stance bel ow the | ower end of the.lock device 514, the down-shift tool
having its | ower end engaged with upwardfy facing shoul.der 575 at the upper
end of .the val ve body. The valve body 572 is formed with its bore 576
gounter- bored as at 578 to provide dowsdardly facing shoul der 580 to be
engageaéby a suitable up-shift tool for forcing the valve body fromits

| ower to its upper position in the housing. A suitable up-shift tool could
be much |i%RPEhPIPSTWPf¥inGopeing _kepowsphepurpesuetyingscrnbelhebdowsict h
a slightly longer reach sjnce the shoul der 580 to be engaged in the val ve
body is atb??\'é'qf%m'é’r“%t}be’t%‘ér%‘?v? a'?q‘u%r PHeh PehlngneadppBrNehl BAIHKES
val ve body. as Lin the first enpodinent. It i.s_understood } hat

whet her thleé \Erf%g{?n’enb% ch AL n?%@?{{?o{ﬁ Eppopended; %“oﬁéﬁeﬁr""é?S?e&he
posi tion, I HES ngpﬁp ; w4 t,] eadi LY. at
a tool suf |c€ e%iy smal ;f)é ta‘g&pgaé;s roﬁ%ﬁ %8#%%’7@15* F%gétvél gé‘%&%@i@’iig
woul d have ml @ilds Qi € H A i db IS &':Pff’é’fénégﬁéngfibebé%ﬁfegnEQEEd.

devi ce 514. Therefore, such shifting tools nay need only m ni mal bypass

grooves formed tfhes aidlvd BB IR Ve FEEE 4 NsHbELéf I BécRERDSMTERE1484ngNd .
in the second enbodi nent 500 of the test tool for collecting sand or

simlar sdislttercslegh 54 fanddwck rngaeie. wihes £ohteLoh oaxaeglon
was provi ded by an upwardly opening blind bore in the |ower subs 146 and
522, respéd idid ythe shufitpr fcumnsd dugsib Goln dsherprewpees cempodbment ,
col | ected, ,one or nore nodul es such as nodul e 600 can be install ed between

the | ower HOEsiSRSVe0E ith BERE Fheanilamseat U §acCee2$2i pinch the
N\, fluid flow through the lateral flow ports 504 and make it

possible to slide the o-ring from within the shutter sleeve
and into sealing engagement in bore 526 of ‘the housihg as seen
in Figure 17 without damaging the o-ring.

The valve housing is shiftable from its upper, closed
position, seen in Fiqure 17, to its lower open position, seen
in Fiqure 16, through use of a suitable down-shift tool such as
the down-;hift tool 262 of Figure 5, previously described but
could be of shorter length. This is because the upper end of
the valve body 572 when in the open position is only a short
distance below the lower end of the lock device 514, the.
down-shift tool having its lower end engaged with upwardly
facing shoulder 575 at the upper end of the valve body.

The valve body 572 is formed with its bore 576 counter-
bored as at 578 to provide downwardly facing shoulder 580 to be
engaged by a suitable up-shift tool for forcing the valve body
from its lower to its upper position in the housing. A

suitable up-shift tool could be much like the up-shift tool



Fi gur

i nstrument, say a recording bottomh®¥e pressure gauge, attached to the
end of the test tool and supported thereby. For instance, it may_be

| to h the i \ h i f i S
éw%%vﬁqusﬁé'q”%éﬁgf% « Bl with el Lonnhy EopadehEaafh” LI
. iving the t t ool b di -41- . ab h
DForns et S0 &80 thoTatta o hy e oofy 18 ek
ﬁ:[rgeg'ldupe | WG %%gf_ ‘QF%\A%?%P?UE@:? héSr Case "gpgOe eRaf oratad at 704

Ing 708 I1's disposed in the casing and

G boldy gﬁ!é@ﬂ ddeid vgs s ofedbeasment Us 711. A wel | head 712

| ower
needf
the |
wel |

| ower
Fi gur
oppos
has a
cl ose

e 18. In sone cases it may be desirable to not have the recording

e formation 7 u

s the upper of the annulus. The well" tubing has a | andi ng

receptacl e 74 SPhddSd E66E, tIEE NAPSLISEY CEIRé ViaDvle edefbet, 5ARoveE t he | ower

end o
recep
provi

comoplpdendbr eyt Cosiore 5Beessit | is theadibly stenetha?0d bPORi gure 19
oupling recess in coupling 716 is utilized to sugﬁgra?igg ég %runent
d h wer end

suit abl e hanger such as hanger 722 having | atch nenb 72 ich are
-g‘l‘ £ géEpSPEA’i ﬁ'ﬁet he

umrent fromthe recess in coupling 714, it coulgtgggmggélgemggpported

the c
720.

of a
expan
i nstr
from

f the tubing. That portion of the well tubing below the | anding
ttaeite bl GUU alsimtideanienner colpsédpostbion, coapfloy tages
ding a space between the adjacent joints of tubing. This space is
Buff iditeritl weamakhao tPRSS richr i@ tby® 336 #f 4
§d2 saukd d1ave mienkic Pkt rRNFR R shoyHLReR0p
Bogieh&f lock device 514. Therefore, such shi
need only minimal bypass grooves formed therein.

| " Provision wés made in the first embodiment 104 and in the-
second embodiment 500 of the test tool for collecting sand or
similar solids which might drift down from above. This
collection region was provided by an upwardly opening blind
bore in the lower subs 146 and 522, respectively. If large
amounts of such solids are expected to be collected, one or

more modules such as module 600 can be installed between the

lower housing section 602 and the bottom sub 604 as seen in

Figure 18. -
In some cases it may be desirable_to not have the
recording instrument, say a recording bottom hole pressure
gauge, attached to the lower end of the test tool and supported
thereby. éor instance, it may be needful to have the
instrument at or very near the casing.perforations or the

lower end of the tubing but the lowermost landing receptacle

in the well for receiving the test tool may be some distance

~



Tandi'ng nipple, or-froma selected gne of several types of hangers which
can be set just about anywhere in thegtubing. Suitabl e-hangers for hanging
recordi ng pressure gauges, or the like instrunments, fromthe tubing, or a
couplifig recess, or a landing receptacle are available from Qis
Engine@#@%@eCbh@olﬁV?én?néa92a§?eT whing;n EhguFelyblopnkor ERYF i ng

i nstrument 720 is shown to have its lower _end virtually at the |level of the
casi ng Probkem pg ibluskpatedohn ELaUFestdtool 730 is shown to be supported

Sealed in t o R EoREEr SRept aAFh 7100 MRE, Crn G 102 By PRECERTG, PL

sealed in the'Ta u e an Ois

Type ng?ngdfg%,g{%&mee Egmatig ?§§t%380£ Jé?,ln@ubpﬁ%swwoa:&edigpogaa

t ubi ng I on sonmewhat above the fornation to be tested, and the

recor di gy tiHLStééléfEﬂ? 428 HBRY Bepsupepryed s8alirgt théNYoredi shaneg bel ow
and i ndependently of the test tool. The test tool 730 and the recording

I NSt rurgd driubesi 7B al | Rdwanthe2doyee ¢hoseghthseuppet hendl eki bhe |ine
52a and suitable flexible line tools (not shown) as before explai ned. The
test tcoinWB0smayTie eéll heubprgchapea lypding teecepbamleo’bpevomgpe, and
~the well 700 can be a producing well, or an injection well. In either .
case, tdiestancte i eriraps wieveprl shiundeed pEeokenabpes B EP¥REJEP8sPEi ons
to control flow therethrough by suitable shifting tools such as up-shift
and doheHiyhingol sThathep@dtion °f hehqe¥elbntyheng | Rl ey cthendandsngh| e
t he recording instrumnent continuouslg records chfnges in the well .

char actka9eRtacl e 7L FRakaing 3k kpagk one coupling such as coupling

\_ 716 providing a space between the.adjacent joints of tubing.
This space is comﬁonly known as a coupling recess. In the case
of well 700 of Figure 19, the coupling recess in coupling 716
is utilized to support the instrument 720. Thus, it is seen
that the instrument 720 is attached to the lower end of a
suitable hanger such as hanger 722 having latch members 724
which are expanded outwardly into such coupling recess.
Instead of supporting the instrument from the recess
in coupling 714; it could as well be supported from another
landing nipple, oE_from-a selected one of several types of
hangers which can be set just about anywhere in the ;ubing.
Suitable hangers for hanging recbrding pressure gauges, or the
like instruments, from the tubing, or a coupling recess, oOr
a landing receptacle are available from Otis Engineering
Corporation, Dallas, Texas.
In Figure 19, the recording instrument 720 is shown

to have its lower end vitrtually at the level of the casing



the perforation 704 during both the flow and the shut-in periods. It is now
readi |l y understandabl e t-hat "in each of-the test'tools disclosed

her ei nabove, both the flow phase and the shut-in phase of -the formation
testing operation can be carried out wjhout need of the flexible |inekn
the well. This is a real' advantage since the essential wire lineis exggsed
to corrosive well fluids for only a short tinme. Qtherw se, the [err]

| i ne caenfdrattiomdedd or Thihdred s etomhkbibds Ghrewrletp wihe esupprer f&d of t en
difficult to fish froma well. However, in order to shift the test tool to
ei t her fopen prlagiogiar itsi tSush as the ks Tpe 1% hagk g ndarl shifting
tools into the. well on the flexible Iine. But, as soon as the valve has

been SMWQHQIeQFﬁPQI%Sﬁ¥ﬁ43ﬂqrHPQn%P4ﬂ$qgnﬁﬁﬁ%ﬂ§9Sﬂ?nﬂ1%%FW#Qﬂn%me wel
This is a very desirable adv nt.age since eit er phas of the test may Iast
for mafRrHo lﬁ’tasseor‘”’%“a]y‘g ba‘?uf"c & pers Ve 1A ﬁee'eqw pment nay be
d f bl e f th I.n thi
inol o 11 ext U1 S ERH Lend %@aﬁlboe"%aﬁ%gper#c@.wstﬁeneta{pizq”%???ﬁg ]
I §
operat l,Qng }l%c%% %Lr? sz’)Fétht%htt '%%%h XI 2 g{a‘ &3l 9 }eﬁg.it&%ﬂq”'g Ay S

|nvent|on act t he f I ne nee in the -
vel | dyhiang e 19@%%&::&&%6 93lo %ipﬂ?’%r% g‘iﬁ?:z‘t?edarhﬁ%] tt%@ﬁdd‘ 4 he case
of offshore wells; 'or wells located on or ér water e wat er

SUT I 0URYisRAnTeC betRl B mtalapeﬁaemuyowﬂ/ tlh% WS &PdIon lawe alext to the
tides, either of which can cause |ine breakage and fishing jobs, as well as

other ypwdn7ed and o Inecordiags indtdunent candible distallde® amile nuch

nore severe by bad weat her which can devel op quickly. .
removed through use of the flexible line 52a and suitable ' o’
flexible line tools (nat_shown) as before explaihed.

The test tool 730 may be of the up-to-open type or the
down-to-open type, and the.well 700 can be a producing well,
or an injection well; In either case, the test tool 730 will
be shifted between open and closed positions to control flow
therethrough by suitable shifting tools such as up-éhift and
down-shift tools lowered into the well on the flexible line
735 while the recording instrument continuously records
changes in the well.characteristiés at or near the level of
the perforation 704 during both the flow and the shut-in
periods.

It is now readily understandable that in each of the’
test tools disclosed hereinabbve, both the flow phase and the
lshut-in phase of the formation testing operation can be carriesc
out without need of the flexible line:in the well. This is &

real advantage since the essential wire line is exposed to

corrosive well fluids for only a short time. Otherwise, the



Furthér, it is nowreadily understood that the test tools and systems
di scl osed herei nabove nake it possim7§%?1carry out ‘'novel nethods of
testing wells. Gne application of the nethod of this invention involves

att ach&@e a1 { REOEF11 18 bBSELYPBALA! Or { HEhbOWESe BREaRéNEAL €SEost POeg@SSENDI Y
constructed in accordance. with the present invention, attaching the test

tool agpeeblynéoid stteAgdefricextbte fisie £omsa welld |moweveg,tbe test
tool assenbly into a well and installing it in a |landing receptacle |eaving

t he testdéootoogkbftwehadtastngodbetd| extide dpere andclostd sposiygion, t he
surface, allowng flow to take place through the test tool 5 assenbly for
a peribd b¥ néeeessaonetdngum omefof nghe oshifting tteolwl inth the webl string
and shifting the test tool to closed position and withdrawing the flexible
line 97 @l fLexikbehinghi fBikg 390300 ahethryakee hanReRP t he test
t.ool closed for a period of tinme to allow wel| 10 reiggr to stabilize
t her et ihkedonthaublRY b Lenking By Beddamadis bety QLTS ERIT §RE wi t h
the recaording instrunment during. bath the flow ng and shut-in periods.
ANt TSk 1 (TS (101 % Y HIF AR LA DA GHAS R 19 LIS AR e
line fqr en I ng and opgning the test too 15 f.rer %g%(§¥ e shifting
t ool aﬁbe \iﬁgsz\?l'?i%gf S'f/vi'fe?'uﬁr mﬁ}%‘}ﬁst & ¥s a"dl'ﬁ:é’? et 100 Jér:ay--t hus. be
opened Al il Oth & %o B indd (i ety PG A the WY AP hdde | S
desirabl e Lo reHove The nés't to&f‘%ﬁrﬁ Q’ee vvzf,l'{o?’gt%t}es ma;!l e ag‘(':aoérref)l i shed
by Io | ; | evl t:gcﬁj i Nt the eld D ‘trfb%éqﬁ'exsittfﬂé‘g and
retri \égs{énlgq}tﬁleé Séags'{ e‘%/éoﬂc;l?r absenl yﬁl et Mildnriet, L4

\_  .line set-up and crew could carry on simultaneous testing

operations on several wells through use of test tools embodying

this invention. Also, the fact that the flexible line need not

be left in the well during each phase of the testing operation

is an advantage in the case of offshore wells, or wells located

on or under water. The water surrounding such wells is subject

not only to wave action but also to the tides, either of which

can cause line breakage and fishing jobs, as well as other

unwanted and costly mishaps, and such conditions can be made

much more severe by bad weather which can develop quickly.

Further, it is now readily understood that the test tools
and systems disclosed hereinabove make.it possible to carry out
novel methods of testing wells.
One application of the method of this invention involves attaching a

.recording instrument to the lower end.of a test tool assembly
constructed in accordance with the present invention, attaching

the test tool assembly to a string of flexible line tools,



Sim|lar applications of the nethod of this,invention include cycling the
test tool any desired nunber of tines; it being unnecessary to have the
flexible line and tools in the well during either the flowng or the 25
shut-in phase of the well tests. The test tool can be the type disclioSed
herein called up-to-open or the type called down-to-open. The recordM™ig

i nstrument may be attached to and suppord%d fromthe test tool .or it can be

ttached t 45 a ted instal Led_at I I, b

and i ndepentetes Brd ¢ Hast BEEE B8pL (PP RBP LY LpEPaRC PLE BP% RERPOHBEG | ne
and tool sty4 “En'dgtfaé&fn%?e ce?tJQi‘ehi‘agﬁiné%héh%eb'ﬂsttb%f[e% efan be
engaged i n a landing receptact e, a coupling recess, or anywheré along the

tubing. If; ehdhshing the _ﬂ@ié&ﬂﬂeOiiﬁéuéhbntBBisﬁ%rQB]gt ke ekl testing
operation is to be for an extended period of tine, the flexible line -

equi prent  calrffcs ONPl BbRiNg I e1E¥ edof taket PRavie! thaBdghndhedtaisiatiodlf or
use el sewhere. The 10 test tools can be used in pertorm ng nethods of

t esti ngp pr cissemigl ywefbs arpéenjedtodntiwme| sloweFinghar shiilfeingl ktobast i ng

met hods of this invention nmay include also the step of equalizing pressures
above and bttt the wekl owmotheribpal astryngoandt BHifiwing the test ttooll from
the well. 15 _The foregoing description and draw ngs of the

i nvention af@ ekpretapesitior and wiradravingl fheafiderdbileud ibRanges in

si zes, shapes,. and aréggggnent of parts ~as certain details of the

a | 1
11 ust r at ecF@hSTTERS A oPNLF P CeRlinbBsthR PHBEFEr eREBirGethas, may

be made test tool closed for a period of time to allqw well .
10 pressure to stabilize thérepelow, dontinuously sensing and s
recording_well characteristics with the recording |
instrument during both the fiowing and shut-in periods.

Another shifting tool may then be lowerea into the well on
the flexible line for engaging and opehing the test tool,

15 after which the shiftihg tool and wirelihe are withdrawn
from the well. The test tool may thus be opened and
closed as many times as may be desired. Then, when it is -
desirable to remove the test tool from the well; this may
be accomplished by lowering a retrieving tool into the Weli" g;/

20 on the'tool string and retrieving the test tool assembly.

Similar applications of the method of this
invention include cycling the test tool any desired number
of times, it being unnecessary ﬁo have the flexible line
and tools in the well during either the flowing or the

25 shut-in phase of the well tests. The test tool can be the -
type disclosed herein called up-to-open or the type called

down-to-open. The recording instrument may be attached to

and supported from the test tool or it can be attached to



20 within the scope of the invention. - 46 - CLAIMS 1. A well test
tool, conprising: (a) a body housing neans having: (i) - a |longitudinal
bore open at its upper end and closed at its lower end, (ii) lateral flow
port neans through its wall comrunicating said bore with the exterior of
sai d haﬁélng means, (iii). connection means at its upper end for attachnent
of a | ocking device for anchoring the tes#S5tool in a well, and (iv)
connection means at its |ower end for attachment of an instrunent for
sensing and BedosYPRTrEEAdErPENg hANgRE WBEtalipf ad| gedOcRI PR REIRY in
said bore of said housing neans slidable up_,and down between 05|t|oQ§

?ﬁenlnﬁ andhépésﬂﬁéeg&PéeP§tQfthPIGﬁsﬁoFP°ﬁegH§lP§r A SAPASR R YA §d 1 ow
eret hrou b

Creret i ouary el Sl e B 00 PELARR, S0, TS0 s ond
sai d sleeve Kglﬁgrl§okntggoﬁﬁgtggﬁé LORanSgkde g%ge63§%§a$§%5h&%gequal

areas, (d) S on sai eeve valve neans en le with and by

shi 11 ngst 00l oBaRRCheICEARLEPIIHG aBetE! | ofN adyih@tdbka dngnarkor  shi fting
sai d sleeve val ve
tubing. If either of the flowing or shut-in phases of the
well testing operation is to be for an extended period of
~ time, the flexible line equipmenf can be completely removed
from the weli and made available for use elsewhere. The

10 test tools can be used in performing methods of tesfing
producing wells or injection wells. Further, the well
testing methods of this invention may include also the step
of equalizing pressures above and_below the test tool
preparatory to withdrawing the test tool from the well.

15 The foregoing description and drawings of the
invention are.explanatory and illustrative only, and
various changes in sizes, shapes, and arrangement of parts,
as well as certain details of the illustrated construction,

) or similar changes in the systems or methods, may be made

20 within the scope of the invention.



- —4F——means up or down, said flexible |ine being disconnectable and

r igil well- after said skeeve val ve has been shifted from
eﬁt slllﬂmﬂlt the other with the test tool remaining in the well. 2.
Th* L

of €laim 1, wherein sai_dggeal neans is a pair of resilierit,

to®
o-rings. 3. The test tool of claiml1l or claim2, wherein said housi%
I ncl udes a chanber bel ow said sl eeve val ve neans for collecting sand or
other solid particles which may settle from above. 4. The test tool of

any one ofCIAIMSs 1 to 3 in conbination with a | ock device attachable to
t he upper end thereof for landing the test tool in |ocked and seal ed
relation in a landing receptacle in a well. 5. The test tool of any one
of clainmse 1 to 3 in conbination with a |ocking device attachable to the

upper end M-her dbWeinld TRy rRMRKLRAIRIT or recei ving said | ocking
device in | ocked and seal ed rel ation th%{ein said landing receptacle having .
connect i ng neard€t t?ertlﬂ)cﬁi RV B AN W 9%l | tubing as a part thereof.

6. The test tool O(fi )any aoqeonogigdﬁnnﬁ ]bgzoe 5dpé/r@ea{t?i J{]tS uéégr “end
and closed at its lower end,
(ii) lateral flow port meahs through its wall
communicating said bore with the exterior
of said housing means, - )
(iii) connection means at its upper end for |
attachment of a locking device for
anchoring the test tool in a well, and
‘ (iv) connection means at its lower end for
attachment of an instrument for sensing and
'recording conditions in the well;
(b) sleeve valve means in said bore of said housing
means slidable up and down between positions

opening and closing said lateral flow port means

for controliing fluid flow therethrough; and ~
(c) seal means sealing between said housing means and

said sleeve valve means above and below said

lateral flow port means when said sleeve valve is

in closed position, said seal means sealing equal

areas,
(d) means on said sleeve valve means engageable with and a

by shifting tool means lowerable into the well on

a flexible line for shifting said sleeve valve



—_—
—_—

‘sai d sl eeve valve nenber is formed with an internal downward
shoul der, in conbination with an up- shift tool |owerable in m, ﬁa Wm""l,””m
tubing on a flexible line, said up-shift tool having latch nmeansciar u s = s

rel easabl y engagi ng sai d downwardly faci pg shoul der of said sleeve valve
means Nt lifting said sleeve valve neans fromits |lower position to its

upper position by meagssfk LBEok avWR, eshile£183:#18P1 158 beihgol 1ncluding
a shear pin which is shearable by upmarg Jarring I npacts for réleasing said

| atch means from sai daglseenterdbpeeMBARS repBi/AbLE Egow EhdEawal 106 rraird
up-shift tool, after said sleeve valve has been shifted to its upper
position. 7. The t eshitioslleetreangloechak bkennshifted6t froleedithexai d
housi ng means is provided with a |ateral equalizing passage through its
wal | a spaced di st ancgoséditdwns &pdtbeeotberawithnthastest &orodqual i zi ng
val ve nenber having a pair of spaced-apart seal rings normally sealing
above and bel ow sai d Fgmeiaingqinl thenyepdssage, said equal i zi ng val ve
menber being shiftable downwardly to an open position uncovering said
equalizing port to permt equalization of pressures above and bel ow said

closed test _tool to take place through said equalizin assage. 8. . The
test tool of-anyT ﬁetSFtcEQPEBO ?gag? iheVQP%eénrﬁébadgﬁaiiﬁ??Pﬁn&ﬁta

i ncludi ng sensor_neans.i s .1149- attached to the lower end of said test
t ool for pair ©f resi 1ept o-rings.

i 3. The test tool of claim 1 or claim 2, wherein said
housing includes a chamber below said sleeve valve
means for collecting sand or other solid particles which may

settle from above.

4. The test tool of any one of claims 1 to 3 in
combination with a lock device attachable to the upper
end thereof for landing the test tool in locked and

sealed relation in a landing receptacle in a well.

5. The test tool of ény one of claims 1 to 3 iﬁ
combination with a locking device attachable to the
upper end thereof and a landing receptacle for
receiving said locking.dévice in locked and sealed
relation therein said landing receptacle having
connecting means thereon for attachment in a well

E tubing as a part thereof.

6. The test tool of any one of claims 1 to 5, wherein



cordln haracterlstlcs whil e said test tool is installed in the
mﬁm'\gl est tool of any one of claims 1 to 7, wherein said |ateral
““ Id housi ng nmeans is open to aI1om1rom/therethrough when
sald st eeve valve means is in its upper position. 10. The test tool ofi™
claim9, wherein a recording instruseaB incl udi ng sensor neans is at t ahed
to the lower end of said test tool for continuously recordi ng well
characteri sti saidhidleess dlesd mewdler sis nfdimededithlan inberhedt tool of
any one of clains 1 to 6, wherein said lateral flow port neans of said
housi ng means doynsiaadlyo fadigg ishouniider etin ceembinabioni witheane upal ve
means is in its |lower position. 12. The test tool of claim12, wherein a :
recor di ng i ns&hdfdnitaddc leergdendigitagihes walhitukted 8 ahe | ower end of ¢

said test tool _for _continuously recording well_ characteristics while said

test tool is ﬁﬁeﬁﬁ?AﬁﬂﬁlnGESSaEQ:ﬂRﬁ%ﬂﬁ rtQ%ktﬁﬁﬁF%ﬁ Lateh P8RRELI on .
db 1, b d t |1

Tubing stringZP? 2’?&&%?%%3’11 2 B st Bt deir s £89588 gttt na

'section ther e%}‘ga‘&@ef e ontatlﬁig%levm e'G’aﬁQ;&e n'leaxisé1I £orapdipg,feggpkacl e in

.1 ocked and se
sleeve valve means from its lower position to its

upper position by means of.the flexible 1iﬁe, said up-
shift tool including a shear pin which is shearable by
upward jarring impacfs for releasing said latdh means
from said sleeve valve ﬁeans;.ﬁermifting withdrawal of
said up-shift tool, after saidléleéve valve.has been

shifted to its upper position.

7. The test tool of any.one of claimé 1 to 6, wherein
said housing means is provided with a lateral
equalizing passage through ‘its wall a spaced distance
below said sleeﬁe.valve means and'an equalizing wvalve
member having a pair of spaced-apart seal rings W,
normailyrsealing above énd below said 1§teral
equalizing passage, said equalizing valve member being
shiftable downwardiy to an open poSifion uncdvering
said equalizing pért to permit equ&lization of
pressures above and below said closed tést tool to

take place through said equalizing passage.

8. The test tool of any one of claims 1 to 7, wherein a

recording instrument including sensor means is



‘test tool i ncluding: (i) housi ng neans having a blind bore therein

openi ng upwardly and closed at its |ower-end, said housing H ' ﬂ
| ateral flow port through its wall, (ii) a sleeve valve in ﬂu mllﬂ Iﬂ”“l
shiftabl'e longitudinally up and down to ggen and close said Fraterdi oW *

port ofsaid housing to permt or prevent fluid flow through said test

tool, said sleevapgdotedast NhdBMiferd REIE¥E egapealle for Ak fting tool
| owered into the tubing on a flexible line after sald test tool has been

installed in sai drdcmiingy nesddp it radidridtidd RthiSal GalE ey AdEL ass
desired, fromeither of its positions to the other of its positions a
plurality of tindsstadiled |igxithlee welde bei ng di sconnectable fromsaid test
fool and renovable fromsaid well before renoving the test tool fromthe
wel | ; and (c) characteristic neasuring and recordi ng neans -51- bel ow
said test tgol and associated therewith for continuously neasuring and
recordi ng wél'l cAReadest $0ods oft ady @neeof CIGimshill &9 (7, swhexeial | ed in

. 14. The stem of _.claim 13, wherein said sleeve valve is
the well sai% &ateral flow port of said housing means is open

to allow flow therethrough when said sleeve valve

means is in its upper position.

10. The test tool of claim 9, wherein a recording
instrument including sensor means is attached to the
lower end of said test tool for continuously recording
well characteristics while said test tool is in the

well.

11. The test tool of any one of claims 1 to 6, wherein
said lateral flow port means of said housing means is
open to allow flow therethrough when said sleeve valve

means is in its lower position.

12. The test tool of claim 12, wherein a recording
instrument including sensor means is attached to the
lower end of said test tool for continuously recording
well characteristics while said test tool is in the

well.

13. A system for testing an earth formation penetrated by

a well bore, said system including:



shifted by an -shift tool lowered into the well tubing on a flexible

I Eﬂlllml “Hﬂriﬂﬂer to.its upper position said up-shift tool having |atch
c ngly engage the sleeve valve and |ift it to its upper

position, after which it then is rel easeggtherefromfor renoval of the~

up-shift tool and the flexible line fromthe well. 15. The system of ch#im

14, wherein said (ROuUsiggrelll SRibdngeskeritg ihgildingeh NaddigRd Wi th an -~
equal i zing port and an equalizing valve initially closing the sane, said
equal i zi ng val ve bei ngeglipitiadtlee constifatingopelongifadinaln seztaldrow
pressures to equalize across the test tool prior to releasing said test
tool from said | andi ngheeeegti;acle for retrieval fromthe well. 16. The
system of claim 15, wherein said test tool includes a chanber bel ow said
equal i zi ng val ve(bor metesti tgodamdceivebher ipasaidl denging recepdadden
from above. 17. The system of any one of clains 13 to 16, wherein said
-52- characteristic ndasdpckgdanndr sealefngehashon sherewdtdsd seaidai d test
tool. 18. A nethod of testing a well having a casing therein perforated
opposite an earth for#@stofopd Beciudird: and a well tubing inside said

casing, the well tubing_ including a |anding receptacle and having a well
packer sealing betweehithe POBFABIaNBRFhEYINEg2aBd TR RETBethgT i oNS,

said net hod conmprising the ste of :
P 9 opeging upwardly and closed at its lower

- end, said housing means having a lateral
flow port through its wall, : ' \
(ii) a sleeve valve in said housing shiftable

longitudinally up and down to open and
close said lateral flow port of said
housing to permit or prevent fluid flow
through said test tool, said sleeve valve
having means thereon engageable by a
shifting tool lowered into the tubing on a
flexible line after said test tool has been
installed in said landing receptacle for
shifting said sleeve valve as desired, from
either of its positions to the other of its
positions a'plurality of times, said |
flexible line being diSconnectablé from
said test tool and removable from said well
before removing the test tool from the well;

and

(c) characteristic measuring and recording means



(a) running a test ‘tool into the wel] tubing.on a flexible H

installing it in said | anding récept acle-in locked and seal e Z@H’uuﬂ”””m
therewith, said test tool being open, and withdraw ng said f|eXI

fromsaid well tubing, said test tool having associated therewith a deV|ce

for. nmeasuring and recordi ng well charac%fristics bel ow said test tool; (b)
allowing flow through said open test To Tor a period of time, then

| over i hi fti | | tub flexible |
cl osi ng sai A test CoBELoth AW RBFRtRE '%%%o%ﬁe%et%ﬁé@ﬁﬁt?% t ool

- fromthe well t“b'”gcéﬂiknu%h e) ﬁgégyfi qi f%r dy £l osed for a
perlod of tinme; (d) Tnmeasuring an fecor ai charact errstics during
Periods both when thepigldetesishild %ta%l‘ﬁ‘%std‘@hd@l i1 d | oM 1g; - 53

- (e) lowering another shifting tool into the well tubing on the flexible

l.i ne and openi ng the inataiied int kpe Waihdrawi ng the flexible |ine and
shifting tool fromthe well tubing; (f) repeating steps b, ¢ and d as

necessary; and (g) lowering a retrieving tool into said well tubing on a
fl.exible line and releasing said test tool fromsaid | anding receptacle and
retrievingldt. The system of claim 13, wherein said sleeve valve is
shifted by an up-shift tool lowered into the well
tubing on a flexible line, from its lower to its upper
position said up-shift tool having latch means which
latchingly engage the sleeve valve and 1lift it to its
upper position, after which it then is released

therefrom for removal of the up-shift tool and the

flexible line from the well.

15. The system of ciaim 14, wherein said housing of said
test tooi is further provided with an equaiizing port
and an equalizing valve initially closiﬁg the same,
said equalizing valve being shiftable to a port-

— opening position to allow pressures to equalize across
the test tool prior to releasing said test tool from
said landing receptacle for retrieval from the well.

16. The system of claim 15, wherein said test tool

‘ includes a chamber below said equalizing valve fof
receiving sand or other particles gravitating dbwn

from above.

17. The system of any one of claims 13 to 16, wherein said



f ' tubing. 19. The nethod of claim 18, including the initial
s,mm@m( ’!' pressures across said test tool prior to rel easing the
t c | andi ng receptacle for retrieval fromthe well .tubing.

20. The nethod of claim18 or claim19, wherein said nmeasuring and -
recording nmeans is carried by said wekh test tool. 21. The nethod of G\:b-al m
20 wherein said flow through said test tool takes place in a direction from

sai d formati oghiataeierisdi¢ Wldsurilig'Grid devbraiddqGreard?. idhe net hod of

claim 20, wherein said flow through said test tool takes place in a
direction frogtidached ftec saidrtesyh towld wel | tubing to said formation. 23.
The nethod of claim 18 or claim 19, including the -54- additional step
of supporting said neasuring and recording device in said well tubing a
spaced di stance below said | anding receptacle before said test tool is

i nst al | ed8ther efinmethod Tife testiny & waldi havgingtrreasingi thereant hr ough
said test tool takes place-in a direction fromsajd formation through said
_wel | tubing t@erferaied,oPPos]terpd RaTdY farmation &0 Rpcteshedaid 1 ow

Ly ough Sal 4 Leal o S YRR 268100 Sl S 90D i PUELBES, ! I ouO"
~arranged for yog Ml ndPY Fuk 3 R ARA Y i deSetAPed fgfpin with
packer sealing'between the tubing and the_éasing above
the perforations, said method comprising the steps of:
(a) running a.test tool into the well tubing onla
flexible line and installing it in said landing
receptacle in locked and sealed relation_:
therewith, said test tool beiﬁg open, .and
withdrawing said flexible line from said well
tubing, said test tool having associated _
therewith a device for measuring and recording

well characteristics below said test tool;

(b) allowing flow through said open test tool for a

period of time, then lowering a shifting tool U

into the well tubing on a flexible line and
closing said test tool, and withdrawing the
flexible line and Shifting tool from the well
tubing;

(c) allowing said test tool to remain closed for a
period of time;-

(d) measuring and recording well characteristics
during periods both when the well is shut in and

when the well is flowing;

-é
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to Figs. 1, 2, 14,16, 18 and 19 of the acconpanyi ng draw ng
systemfor testing an earth forfation penetrated by a well jl"ﬂil mnu”ﬂ I”"I
canstructed and arranged for use and operation substantially -asc sC
herein"with reference to Figs. 1, 2, 14, 16, 18 and 19 of the acconpanyi ng
drawi ngs. 28. A nethod of testlng a.vwﬂlsgaacording to claim18
substantially as described herein.

(e) lowering another shifting tool into the well

tubing on the flexible line and opening the test
r | tool; then withdrawing the flexibie line and
shifting tool from the well tubing;
(£f) repeating steps b, ¢ and 4 as necessary;. and
(g) lowering a retrieving tool into said well tubing
on a flexible line and releasing said test tool
from said landing receptacle and retrieving it

- from said well tubing.

19. The method of claim 18, including the initial step of
equalizing pressures across said test tool prior to
releasing the test tool from the landing receptacle

for retrieval from the well tubing.

20. The method of claim 18 or claim 19, wherein said
measuring and recording means is carried by said well

test tool.

21. The method of claim 20 wherein said flow through said
test tool takes place in a direction from said

formation through said well tubing to the surface.
22. The method of claim 20, wherein said flow through said
test tool takes place in a direction from the surface,

through said well tubing to said formation.

23. The method of claim 18 or claim 19, including the
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additional step of supporting said measuring and
recording device in said well tubing a spaced distance
below said landing receptacle before said test tool is

installed therein.

24. The method of claim 23, wherein sdid flow through said
test tool takes place-in a direction from said

formation through said well tubing to the surface.

25. The method of claim 23, wherein said flow through said W
test tool takes place in a directien from the surface, '

through said well tubing to said formation.-

26. A well test tool constructed and arranged for use and
operation substantially as described herein with reference

to Figs. 1, 2, 14, 16, 18 and 19 of the accompanying drawings.

27. A system for testing an earth formation penetrated by
a well bore, constructed and arranged for use and
| &/
operation substantially -as described herein with reference

to Figs.'l, 2, 14, 16, 18 and 19 of the acbompanying drawings.

28. A method of testing a well according to claim 18

"substantially as described herein.




