PRESSURE OPERATED TEST ‘VALVE. ) : 172 034 This invention rel ates

to @il and'gas well drill stemtest tools and, specifically, to an annulus @
pressure operated test tool for use in a subterranean well. 5 \
As oil and gas wells are drilled, the drill- ing fluid or "nud" serves

several ‘I'nportant functi‘ons. One of the purposes of the nud,i 0 I ntain
a desired |evel O?Rm%%t%ﬁgpcﬁ%ﬁ?%vgﬁgﬁ the formati onczliszlé {hﬁa led to
contain formation fluids duringrilis linveptidhi gelBtés e6copldmdeshdwell
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pressure. Drill spressese qpepated destedopd fort usfeinsa psubhkentanean well.
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into the borehol e,toh%fe, formation depth, "and b\a/ al ovvi%th formation
fluid to flow intPIrERIF NG, MY 0BG VS SEUPE2L aiBRr iRt Q%¥ +t he

interior.of the tes¢ of rtlny merpdsdss dfeithg G4l dwetedmiinbeipiagiesirad/ e

closed near the | puges o0l fadditdddf piiieslle GBER LAE PRLANIH hedRPth

has been reached Egaf I's set to"sea e surroundi ng we ]
and isol ate the f&Fhbtedrtouiitain fosmasdonofhuidasfepings drilling. This

The valve at the isvedcsupl dhdddyivdaghitingdthe hienwitherefioddeidiitives
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pressure to flow PRt BT he T 8° (NEEH) %8 € PRG=SWRT i SLstif i &fem
tests are then cobdectexhatiah depslf ®guailsr og0exgeedssthekfotmationthe art.
Such testing t-ypi}?gégguf@pl udes periods of time in which the formation
iflyuid is allowed oflowthrouhtlggtest string, as_well as perjiods of

“me in which the formation is é&%'t.‘asﬁytg’ﬁlﬁn@rﬁr‘é%% ke ek e
during the tesisnproducetiet ssapgdbe 13Ty oddthel dormapabnl i This «dn the

formation can be gSti gy efbydil{ *L%stﬁe%t&'lgﬁi iPEBWP{-‘Stﬁ%?ﬁo%F%%%HeO”
valve in the test sStri I's operred to all'ow tHe Tormation urd in the
‘formation depth, and by allowing the formation fluid to
~ flow into the string. A lower pressure can be maintained
in the interior of the test string as it is being
20 lowered by keepiqg a valve closed near the lower end of
the test string. Once the appropriate depth has been
reached, a packer is set to seal off the surrounding well
bore and isclate the formation which is desired to be
. tested. :
25 _ The valve at the lower end of the pipe
. string is then opened, thereby allowing the formation
2 fluid which is isolated from the well hydrostatic pressure
to flow into the interior of the pipe string. Various
drill stem tests are thgn conducted which are familiar
30 to those skilled in the art. Such testing typically
includes periods of time in which the formation £luid is
allowed to flow through the test string, as well as periods
of time in which the formation is "closed in". By taking
pressure readings during the testing intervals, the
35 production capabilities of the formation can be estimated.
-After the testing is completed, a circulation valve in the
test string is opened to allow the formation £luid in the



-2- test string to be withdrawn. It is often desirable, especially in
ofggmshore | ocations, to reduce or elimnate test string movement 5 during
t ngrlll stemtesting operations. This is due to for exanple, safety
considerations in maintaining the bl owout preventors closed during the
testing procedure. Because of the desirability of élininating novenent of
fhe test string, annul us pressure operated devi ces have been 10 devel oped.
Despite the fact that such devices are2operable by annulus pressure with a
m ni mum of i est rin tion, the prior art devices have akl
sufferedg??% %u%gcﬁ'%a{'ﬁ@%ff %%, U S. Patent 3 824 850 issued Jul-:,'
23,1974, 15 to Nutter Isrmﬁwpﬁtenﬁﬂﬂeﬁnahmd uesppeiaidy vl o&f-dieré Nt er nal
val ve W i 5t 1o8s NS efedifdd Gst W sl naltde Rlskdig apeRuGaNat oty and

presented a restrlctlon In the internal tubi.ng bore was undesirabl e.
U S. Fat8wringghpe gieill Shrmy %%Pmafew&zﬁhés L8 &e® &2 al, shows
anI annul gsr opeamp be, Ved et yians idddatadmsa inf mﬁuneaeﬂmg"tnet at i’iblhe bﬁl I ]
val ve to, ppen_ a te Qore e.test _stri Al t hough the
full ope}ﬁl ng %%?ep‘%‘})%ﬁté‘{] ‘%ﬂ’ er‘fgérlf‘rg' ar’f?‘?g%%&éf‘gt ﬁﬁoﬁﬁggﬁ? devi ce, the
Hol den dBetawsetofithel desitahlldhy af ed izgnpsing vovemeutfofnthée action:

of a UIapesd &EPIAg0aRAUGLAS brasBlEbOBpeTbtSar 89%1 id&dl BA g operating
personnel on_the L1 11ng rig be expose g ressure gas when filling
-and dk&i H ?YEF?P@ﬂtr%%ﬂ%Hgb YREMEDRE, SHER §RY1CHS: RES PR RRERI re t hat
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t t t
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change in pressure ep ere
t he test@hgadeantrgeshe pressure operated test val ve of the 35 i nvention is

designed to be used in @ geldatiedfd 3518248 500n igswebl! Jheye237e74pst string
has a é) agke l\hit’g.e::"'i 'n gelgov];s(:) ranS eeaalxl'lrig annulus operated valve. The .
internal valve within the Nutter device was of the sliding
sleeve variety and presented a restriction in the internal
tubing bore which was undesirable.
. : U.S. Patent 3 856 085, issued December 24, 1974,
20 to Holden et -al, shows an annulus operated . valve which
utilizes a "full opening" rotatable ball valve to open and
close the internal bore of the test string. Although the
full opening bore of the tool was an advantage over the
Nutter device, the Holden device utilized a valve operating
25 force derived from the action of a trapped inert gas ' _
against a piston. This required that the operating personnel N/
on the drilling rig be exposed to high pressure gas when
filling and draining the trapped gas system. Trapped gas
systems also require that the proper gas operating pressure
30 be calculated for the test depth prior to inserting the
device into the borehole. As a result, any unforseen change
in the pressure at the test depth could affect the
reliability of the testing device. ' '
_ The pressure operated test valve of the
35 invention is désigned to be used in a well test string in a
well bore. ‘The test string has a packer arranged for sealing
the well bore to isolate the well annulus between the well
bore and the test string above the packer from that portion

ity of .



the well bore to-i'soliate the well annulus between the well bore and the

test strimg above:the packer fromthat portion -3- of the well bore S1\N
below the packer. The test valve includes a rotating ball valve which is "
novabl e between open and cl osed positions relative to the interior of the 5
test string. A ball piston’'shifts the rotating ball between open and closed
positions. A spring is provided for nornmalfy urging the ball piston to its
val ve cl osi ngofioghki welandoterbelowi tﬁxagaad:ieelpr |Timyte3t)s«raigref orce for the
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val ve. Theé pressure responsfve neans rostatic
exposed tothe power fluid for shlftlng the control valve.

The control valve also has internal passages for supplying
pressurlzed power fluid to a selected face of the power
'valve to shift the power valve between a first position
20 which isolates the ball piston and a second position
which expéses the ball piston to annulus fluid pressure
for shifting the ball to the open position.
‘ A control fluid reservoir in the device
contains an isolated control fluid. The control fluid
25 reservoir is connected to the control chamber whereby
movement of the éontrol valve within the control chamber
results in a volume displacement of control fluid within
the control fluld reservoir. Pressure responsive means
are_provlded;for maintaining the pressure of the control
30 fluid at the level of the well hydrostatic pressure prior
to setting the packer to thereby resist the volume displa-
cement caﬁsed by movement of the control valve. The
pressure responsive means also trap the well hydrostatic
pressure into the control fluid reservoir after setting
35 the packer, whereby shifting the control valve requires
- further pressurization of the control fluid above the
existing well hydrostatlc pressure. '



pressure into the control fluid reservoir after setting 85 the packer
sieby shifting the control valve requires further pressurization of the
rol fluid above the existing well hydrostatic pressure. -4- The T
aoortronal pressurization is acconplished by a well fluid isolation
iston in a piston chanber. The isolation piston has ‘opposed piston faces.
e of 5 the faces is exposed to well hydrostatic pressure and the ot her
of the piston faces is exposed to the power fluid for further pressurizing

the power fluid to shifre laadseabhatr paégeurpea\eroxyaiyea&%ﬂl ldheid 3t-ON.
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fluid pres rrzed t he.floatin pr LN ntrol fluid reservoir,
while resis ehgc Jbt&%él tv@lf&' ng"gf: M oﬁf‘éfb‘?ﬂg % %%%'h‘rr zed control :
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the controlP¥ & FdEst é&Eﬁ o?’ht"gg éFsﬁi‘Bﬁ% nEC pFeRIAE has a
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face. Metering means, such as a check valve, are provided
in a portion of fluid passage for allowing the flow of
control fluid pressurized by the floating piston into the
‘contrdl fluid reservoir, while reSisting opposite
20 relative flow of the pressurized control fluid

' Because the control fluid is a substantially
incompressible liquid, a plurality of spring—loaded
displacement pistons are utilized to absorb the volume
displacement caused by movement of the control valve )

25 within the control fluid reservoir. Each of the ' —~
displacement pistons has a pressure responsive area \\./'
which is exposed to the control fluid pressure within '
the control fluid reservoir. An iricrease in the ¢ontrol
fluid pressure is transmitted to the'pressure responsiVe

30 area of the displacement pistons causing the pistons
to compress a spring contained within an atmospheric
chamber. ' ' - - '

.The pressure operated valve of the invention
does not require any manipulation of the test string
35 prior to opening the ball valve. Because the control
' valve operates against trapped'hydrostatic pressure, it is
not necessary to calculate the expected formation



chanmber. The pressure operated valve of the invention does not require any

mant pul ati'on of the test string 35 prior to opening the ball valve.
Because the control val ve operates against trapped hydrostatic pressure, (/—§
s not necessary to calculate the expected formation -5- pressure whi R

wi || beencountered to tali'brate a charged gas chanber as was done in the
past. The use of the spring | oaded dlsplacengnt pistons in the 5 control
fluid reservoir provides a valve operating force which is not derived from
the actign of a trappeasunemhighs widdi bet eacpustered Adslidalatmatebjaect s,
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position 15 Sy E C sive do rd ontlnuatlons
showi ng side, cross- secet |w(§1§'a Vi e\%g%ofig%ﬁggé g§§ r"éh%p%éfﬁ Qlfg& val ve of
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annul us fluid pressure has beemauae&eaafdosyééts,2&&&3& sédaoaawiﬁages

openi ng of the ball : cce55|ve downward conti -
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device, and Fig. 4 is schemat i V|em10 a conven emteéest
t ool arrangenent VWRQﬁF¥QH§bFBGP&P€ss§ﬁ8'pFE@%%W%FQﬁkQQﬁkﬂY#%&ﬁ ofathe of the

&lewgntlon - pressure operated test valve of the invention in the
running-in position .

15 Flgs. 2A-2E are successive downward
continuations showing side, cross-sectional. views of
the pressure operated. test valve of the invention
after the packe; has been set in the well bore and
the annulus fluid pressure has been increased suffi-

20 ,ciently_to cause opening of the ball valve. '

Flgs. 3A-3E are successive downward conti-
lnuations showing side, cross-sectional views of the
pressure operated test valve of the invention showing

. the device after a decrease in annulus fluid pressure

25 has effected the reclosing of- the ball valve of the

i\// device, and . _ _
Fig. 4 is a schematic view of a conventional-
_drill stem test tool arrangement which incorporates

B the pressure operated test valve of the invention.
30 S The pressure operated test valve of the
invention isideally suited for use in an offshore well
_ location. Fig. 4 shows such a typical well location,
in schematic fashion. Such welis may be open holes,
.but are usually cased, as at 2. A riser 3 normally
35 extends from the subsea well head assembly 4 upward to
a floating drill rig or platform which is anchored
- on location and which is used to mount the pumps,
hoist and other mechanisms normaily employed in well



30 The pressure operated test valve of the 4 nvention

I sizdgal |y suited for use in an offshore well location. Fig.” 4 shows such a
tyéiaal wel | location, in schematic fashion. Such wells may be open hol es, .
but~are usually cased, as at 2. Ariser 3 normally 35 extends fromthe
stubsea well head assenbly 4 upward to a floating drill rig or platform

whi ch is anchored on location and which is used to mount the punps, hoi st

and ot her nmechanisnms normal |y enpl oyed in Getl -6- testing. The testing
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formation testiHag wellli Nanhh3akf betﬁeaﬁdtﬁé%geiﬂ&1%&¥ larn‘a Qerated test
val ve 8, 3! ncI de o her conveggiona onent’s suc drill collars

9, a 15 re foPOANE, 9“]6?ﬂt QW'QHﬁiﬁfﬁﬁgﬁiﬁﬁae recorder 14.
A packer 1@hi9haamangadorporaeealmgtbheh@ewéllxheadx)Mﬁﬁﬂpﬁh@s ohe wel |
annul us, petypRen i 0 heat ker from
that pord: on o?’ 2ot prBOpEopified Vo FELeRLILIY AR IS RS (MO,
| E illustr&%® YbF8§§HF$ operat ed test valve 8 of the invention de5|gned to
be incorporated in a wehe Eesmaeiénnﬂeéeing:sgtﬁhga ouagt ijgnal formation

oD pls h, Bt BRGSOl
BALL VALVESther cqnventional components such as drill collars 9, a
15 reversing valve 10, a safety joint 12, and a pressure
recorder 1l4. A packer 16 is arranged for seaiing”the well
bore to isolate the well annulus between the well bore
and the test string above the padker"ffom that pottion
of the well bore below the packer. |
20 ' Figs. 1A - 1lE illustrate a pressure operated
' test valve 8 of the invention designed to be incorporated
in a well test string for use in a conventional formation
testing set-up, as previously described. The test valve
of the lnvention is comprised of four basic sections
25 which will be discussed in order.
THE BALL VALVE SECTION
Figs. 1lA-1B illustrate the ball valve
section of the device in the running-in pOSition; The
device includes a top sub 1l having an internally threaded
30 extent 13 which is adapted to matingly engage the_extérn_
ally threaded lower extent 15 of the well pipe string
extending to the surface. The top sub 11 has a threaded
‘outer extent 17 which is adapted to engage the intérnally
threaded upper end 19 of a cylindricai ball hbusing 21,
35 . Within the ball housing 21 is contained a
rotatable hollow ball 23 containing an aperture 25 which
is substantially the same size ‘as the internal bore 27

O




Figs. IA-IBillustrate the ball-valve section of the device in the
runni ng-in position. The device includes a top sub 11 having an internal@jgb
t hreaded 30 extent 13 which is adapted to matingly engage the extern- aIIy

t hreaded 1ower extent 15 of the well pipe string extending to the surface.
The top sub 11 has a threaded outer extent 17 which is adapted to engage

the internally threaded upper end 19 of a=ylinmdrical ball housing 21. 35

Wthin the ball hoygiieg %hbﬁagoysagﬂ@@afnéﬁyat@@&glﬁoltmwttagkhng260%1 A
cont ai ni:fg an aperture 25 which is “su StantladHYAE]e sane size

as

i nternal \bore 27 Sleeye tyRe-ACERREIRE PhHRAR g, 9990u§ﬁ°¥ﬁ§e@estlng
tool. A sleeve typerizht laaybnlg BLst sareds (o grotidle theobadedvalve 23yPikem31,
serves to rotate t 0 e i n .Fig.
TA 1o the open gositiieoaionsd bBstEich %‘?‘8‘ G BRI £h8opaR bob i fod
the ball piston 29shewa Bal Figal 92 93 yert Qﬁrﬂﬁynﬂﬂﬂﬁe@ﬁvﬁmﬁﬁﬁ pél theeat

33 and a bottom baldaizepiséan %S%ﬁesﬂélﬂg vlvd 23es & &%tﬁihled'bﬂf_-ﬁhéenta
a i sfon

direction of the t seat own i.n Fi B

29 includes an int %plpa?’aélleéﬁgtB& haR% ndy %%%eqaltlhggéi 3séx§eﬁ? 1 V\H‘%ﬁﬁ
engages the yoke'337fbuases|phechalhgimhthoiirentidﬂugfe&yeshpptbagltaeat
bal |l val ve 23. 355 sleeve portion 39 of the ball piston 29 term nates,

at the | ower ei&ent in a C|rcunferent|al iston portion_43 which forns a
sliding seal between an outer P8I FhPVRt iR sitRy AheybalinpPigker Ba |
pi ston nmandrel 47. intiledesr aandneégfaloslé)ever@ matingdan apper theeaded 20

cunferential piston pat %eq& %ﬁleﬁsewéé‘s on5| &eerjlogfgg egg_éé.gcggi}lge

sheeve portion 39 provi ressure’r ar €a

\port.on above the pibst a@ksoﬁpﬁohhﬁsebirheﬂp*w etheema-svaéver 23.5%hes
exposed to fluiih preaseiee portdoRagsage e tkaFNidistdif 29 terminates, at

the lower extent, in a circumferential piston portion
43 which forms a sliding seal between an outer ball

piston housing 45 and an inner ball piston mandrel 47.
Interior and exterior O-ring seals 49, 51 on the cir-

- 20 cumferential piston portion 43, as well as an inéerior
O-ring 53 6n the sleeve portion 39 provide a pressure
responsive area 55 in a-cut—away5portion above the
piston portion 43. The pressure responsive area 55 is
exposed to fluid pressure in a passage 57 to shift the

25 ball 'piston 29 downwardly against a ball spring 59. The
. _ passage 57 is formed in the interior of the tool
N\ L . between the ball piston mandrel 47 and the lower
cylindrical portion 63 of an interior mandrel 61l.
- .Thus, by communicating pressurized fluid to
30 .the passage 57, the ball piston 29 can be shifted
downwardly, compressing spring 59, and shifting the ball
valve 23 between the closed position shoWn'in Fig. 1A
and the open position shown in Fig. 2A. The piston 29
operates the rotary ball valve 23 through the cooperation
35 of a pair of pins 65, 66 carried by the yoke 31 with a pair
of-slots 67, 69 formed in the external periphery of the
- rotary ball valve 23. Thus, downward movement of the



25 ball pisttn 29 downwardly against a ball spring 59. ‘The: passage 57 is
fo dinthe interior of the tool between the ball piston mandrel 47 and
th Power cylindrical portion 63 of an interior mandrel 61. Thus, by .
communi cating pressurized fluid to 30 the passage 57, the ball piston 29

can be shifted downwardly, conpressing spring 59, and shifting the ball

valve 23 between the cl osed position shown in Fig. 1A and the open position
shown in Fig. 2A The pi ston 29 operatgs-the rotary ball valve 23 through

t he cooperat| n, 35 ajr of pins, 65, 66 carrled by the yoke 31 with a
pair of slot® §7’°n6 8?f€rgﬁL?n tﬁ %ﬂ‘é‘?rﬁf hldr yadwer R3” pheuky el |
val ve 23. Thuhprdcmntaldaxbseﬁentbringfmhe cenﬁﬁam1 apRrefurecs a rotation

of the ball-yakkeadiophont f1bR"LEObake 34 Sl t&geac 19, the sepLLal aperture

25 into alignnent W or e pr OVI ®Fhe test
tool, as ShoRf therkgstoBoohs asowiewm im FidB 2A-he ball piston housing 45

has an internally thrﬁadgd Shekwrl 1i Ve £ ti?ﬁ&ﬁ@'ﬁél@”%@.&%%nahﬁtﬁ%iﬂeg' ga| q
control housi . ont r sin an jnternally threaded en
75 which 10 T Pégdégl s“gﬁﬁ%@sy &b{) ‘?eo‘i #? it i Whd o, thrgadeddyandrel  47.
At one p0|ntengageﬂeaCCYbundexeabecomﬁrqluhQQSmngdmaaamheonbhakomous|ng 73,
an internal pagsadg 73 ﬁQW&@ﬂ@éxﬁJﬁH} nf\i{)}&féageé?%& 2 %i%:ﬁe tool by

means of Bort 79 with the ball spring c means

provi di ngOpr EBTERASELY { PRIYIEH R ROPEIM G PF e falidl piskgnt he baI | val ve
23 wi |l be emphdre2d4Withtreferpoinet tint hthe Wiidcumfea@ncan ofF &R devi ce.

of the tool atieeides PORCEE MSuthe B op dpsertiy” BRERuRl £ “Cont ol
housi ng 73 h&SmaupigeEesnthe shntoxdown bmm e?ha:lf meead@mbyomeengagl ng the °
upper end 87c6f padti 39! RitRNcRé B Nepisi P Axmblie 84RPhe means for
. 15 providing pressurized f£fluid in the-paesage-S? for shift-
- ing the ball valve 23 will be explained with reference
to. the control section of :the device. '
THE CONTROL SECTION : o
- With reference to Figs. 1C-1E, the control *
20 section of the tool will be described. As shown in Fig. -
1C, the cylindrical control housing 73 has a lower eand
.83 having internal threads 85 for engaging the upper
end 87 of an isolation piston housing 89. The upper
end 87 of the housing 89 includes , at one circumferen- :
25 tial location, a power chamber 91 containing an axially \\;)
shiftable power valve 93. The power valve 93 is a twb
position, three pdrt valve which controls the flow of
£fluid through ports 95,97 and 99. The power valve 93 is
a generally cylindrical member having opposed piston
30 faces 101,103 which afe:exposed“by means of fluid conduits
105,107 (shown in dotted lines in Fig. 1C) to £luid in
a power fluid reservoir 109, as will be described. Port
99 in the power chamber 91 is also exposed to fluid
pressure in the well annulus through fluid conduit
.35 110 and orifice 112 in the piston  housing 89.
- The power fluid reservoir 109 is formed
 between the side wall of the isolation piston housing
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end 87 of the, heusing 89 includes , at one circunferen- 25 tia |ocation,
a power chanber 91 containing an axially shiftable power valve 93. The
power valve 93 is a two position, three port valve which controls the fl &
of fluid through ports 95,97 and 99. The power valve 93 is a generally

cyl i ndrtcal nenber having opposed piston 30 faces 101,103 which are
exposed by means of fluid conduits 105,107 (sgown in dotted lines in Fig.

1C) to fluid in a power fluid reservoir 109, as will be_described. Port 99
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with a substanti al I nconpr essi ? ,_such as oil Yh E 8 ni cat es
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control valve 129. The control valve 129 is a two
position, four port valve which controls the flow fluid
through ports 131,133, 135, and 137. The control valve
129 is located within a control ¢hambef 139. The control
20 chamber 139 is filled with a substantially incompressible
fluid, such as o0il, which ccmmunidates by means of bore
143 in the control valve 129, fluid passage 145 in the
isolation piston housing 89, and by means of a fluid
~ passage 147 in the isolation piston mandrel 1lll with a
25 displacement piston chamber 149 (Fig. 1D). The control
valve 129 is spring biased by means of a coil spring 141
toward a first positioh, shown in Fig. 1C, which
isolates the ball piston 29 from the pressure of fluid
in the well annulus. The control valve 129 is shiftable
30 upwardly to a second position shown in Fig. 2C which
exposes the ball piston 29 to annulus fluid pressure for
shifting the ball valve 23 to the open poaition.
This is accomplished by the application of
pressure through conduit 125 to the pressure responsive
35 areas 127 of the control valve 129 to shift the control
valve 129 from the position shown ih Fig. 1C to the posi-
tion shown in Fig. 2C. This action supplies power fluid
through port 135 and conduit 105 to the piston face 101

o



143 in the control valve 129, fluid passage 145 in the ' sol ati on piston
housi ng 89, and by neans of a fluid passage 147 in the isolation pi'ston
manggel 111 with a 25 displacement piston chanmber 149 (Fig. ID). The v
co @‘n val ve 129 is spring biased by neans of a coil spring 141 toward a

- first position, shown in Fig. 1C, which isolates the ball piston 29 from

the pressure of fluid in the well annulus. The control valve 129 is

shiftable 30 upwardly to a second pg§i§ign shown in Fig. 2C which exposes
the ball piston 29 to annulus fluid pr é‘--sure for shifting the ball xalve 23
to the opeof poise tpawer Malve 9accandfitingdtbp phwemppaleat¥drdain-predSure
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The hydrostatic pressure section of the device 15 w e described with -
reference $3iffgshe | kahle As shown in Fig. 1C, the isolation piston housingj\_/
89 has an intern- all yrHE (H¥DROSTATED PRESSURELSECTOONengagi ng the '

external ly threaded eng, J3g filodt a3 3% 1006 Re3t2Bn"SESLAY doPicd e

15 will be described with reference to Figs. 1C-1lE. As shown
in Fig. 1C, the isolation piston housing 89 has an intera-
ally threaded lower extent 151 for engaging the externally
threaded end 153 of a displacement piston housing 155. The

~ end 153 also has an internally threaded surface 157 for

20 threadedly'engaqing a portion of the isolation piston
mandrel 11ll. An isolation mandrel sleeve 159 ( Fig. 1D) is
lbcated between.the interior bore of the displacement _
piston housing 155 and the isolation piston mandrel 111. A
spring ‘housing sleeve 161 is located below the isolation

25 mandrel sleeve 159. The spring housing sleeve 161, together k\;;
with the interior side wall 163 of the displacement piston
housing.lss.‘fbrm the annular displacement piston chamber .
149. '

. A series of eight displacement or balance
30 pistons, two of which are shown in Fig. 1D as 165.L167,
have'upéer*ends 169,171 contained within the displacement
piston chamber 149. The displacement pistons 165, 167 have
mid portions 173,175 which, in the position shown in
. Fig..1lD, are contained within piston sleeves 177, 179.
35 One or more sets of O-rings 181, 183 form a sliding seal
with the axially slidable displacement pistons 165,167.
. The displacement piéton housing 155 has a lower
threaded extent 185 which threadly engages the upper end



end 153 al so has .an i pternal ]y threaded surface 157 for 20 threadedly
engagi ng a-portion of the isolation piston mandrel 111. An isolation _
mandrel sleeve 159 ( Fig. 1D) is |located between the interior bore of tke€¥,
di spl acenent " pi ston housing 155 and the isolation piston mandrel 111. A
spring .Rousing sleeve 161 is |ocated bel owt I solation 25 mandrel

sl eeve 459. The spring housing sleeve 161, to her with the interior side
wal | 163 of the di S@7acdhmant springnhbossnggld%5, THorsprimg ahoulsdng sleeve
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213 has a threaded RYeLAnEH18Nhasla tALeSA88IbREer extent 215 for engaging
' the lower internal threads 217 of the spring housing
189. An internal profile 219(Fig. 1E) formed within the
check valve housing 213 receives the lower end 221 of
20 the by-pass mandrel 199. A fiuid-passage 223 formed at
one circumferential location within the by-pass mandrel
199 communicates with the displacement piston chamber
149 and through fluid passages 225,227 , formed in the
check valve housing 213, with a floating piston chamber
25 229, o
The floatihg piston chamber 229 is formed
e in a bottom sub 231 between the interior bore 233 of
the sub and the external sidewall 235 of a bottom mandrel
237. The bottom sub 231 haé an upper threaded extent
30 239 for engaging maﬁing internal threads 241 of the check
valve housing 213. The bottom mandrel 237 is retained
between a shoulder'243 in the bore of the housing 213 and
a shoulder 245 in the bore of the bottom sub 231.
An annular floating piston 247 is located
35 at one end of the piston chamber 229 and includes O-
'ringS|249;251 for forming a sliding seal with the bottom
sub and bottom mandfel walls. A substantially incompress-
ible fluid, such as oil, is located within the piston
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check valve 261 (Fig. 1D) allows control fluidvto flow
outwardly into the well annulus when the pressure in the
control fluid section of the tool exceeds the well
hydrostatic pressure but resists opposite relative fluid
flow.

A collet-piston 263 is located within a por-
tion of the fluid passages 225, 227 for trapping hydro-
static pressure within the control fluid reservoir ‘made

l up of the control chamber 139, fluid passages 145 147 ,
'displacement piston chamber 149, and fluid passages

25

30.

223, 225. Collet-piston 263 has an outer face 265
exposed to well hydrostatic pressure ‘and a sealing nose
267. In the" position shown in Fig. lE, the collet-piston
263 allows control £luid in the piston chamber 229 to
flow into the control fluid reservoir. Once the test
depth is reached and the’ packer is set, subsequent

"pressurization of the well annulus from the surface

35

causes the collet-oiston 263 to move to the position
shown in’ Fig. 2E to block the flow of fluid from passage
225. The collet-portion 269 of the collet-oiston 263 is
engaged within mating recesses in the collet -piston

" chamber 271 when well annulus pressure exceeds the fluid

pressure in the control fluid reservoir, thereby locking

L]
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fluid from passage- 227 ‘to pi ston chanber 229. A second 15 check valve 261
(Fig. 1D) allows control fluid to flow outwardly into the well annul us wh¢g
t.he pressure in the control fluid section of the tool exceeds the well N2
hydrostatic pressure but resists opposite relative fluid flow 20

A col |l et-piston 263 is l-ocated within a por- tion of the fluid passages
225,227 for trapping hydro- static pressure Wsthin the control fluid
reservoir made up of the control chanber 139, flui.d passages 145, 147
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I r en f the
over end o 55 causing fluid to pass through the check valve 259, pass

the collet~piston 263, and through the fluid passages
223, 225 , through the displacement piston chamber 149
and through fluid passages 145,147 to increase the fluid
pressure in the control chamber 139.
20 As the control fluid pressure increases,
the displacement pistons (163, 165 in Fig. 1D) are moved
downwardly in the direction shown in Fig. 2D to thereby
compress the coil spring 205 located within the atmospheric
chamber 203. _
25 The well hydrostatic pressure which is
preéent at the orifice 255 and which acts upon the
o floating piston 247 is also present at ports 121 (Fig. 1lC)
and orifice 112. Hydrostatic préssure thus acts upon the
face 119 of the isolation piston'113,'compre53ing the
30 fluid in the power fluid reservoir 109 . Well fluid
present at the orifice 112 is communicated to port 99
of the power valve 93 but, in the position shown in
Fig. lc, is not allowed to pass ‘to the port 95 and
hence to the ball piston for shifting therall. In order
35 to shift the ball 23, it is necessary to first shift
the power valve 93 to the position shown in Fig. 2C.
Upon shifting the power valve 93, well fluid present at



tool internal dianeter and acts upon the face 253 of the floating piston

247. Piston 247 noves upwardly within the piston chanber 229, thereby

co eSS|ng the fluid and 15 causing fluid to pass through the check valve
‘pass the collet-piston 263, and through the fluid passages 223, 225 ,

through t he di spl acenent piston chanber 149 and thfough fluid passages

‘145,147 to increase the fluid pressure in the control chanmber 139. 20 _

‘As the control fluid pressure increasesl4 t-he di spl acenent pistons (163, 165

in Fig. 1 a d 0 Flg 2D 19
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2C 15 145 and chamber 139 is equal to the well hydrostatic
pressure acting through ports 121 upon the power fluid in
reservoir 109. Because the upper end of the control valve
is a larger diameter than the lower extent thereof,
movement of the control valve upwardly results in a volume
20 displacement of control fluid'within'the control fluid
reservoir which resists movement of the control valve
'during'the runniné—in operations. Also, spring 1Al_holds
the control valve in the downward pesition, antil the
annulus pressure overcomes the spring force. '
25 Once the test depth is reached, the packer
(16 in Fig. 4) is_set and the well annulus_above:the.packer : k\,/
' is'pressured up from the'surface. Because the packer 16
| isolates the internal bore of the tool from ‘the increasing
pressure in the well annulus ‘above the packer, the increas-
30 ed pressure is not communicated to the orifices (255 in
Fig. 1E) in'the interior.bore_of the tool. Increased
pressure in'the well annulus above the packer causes the
collet-piston 263 to be crammed inwardly, locking the
collet-piston into the position shown in Fig. 2E and there-
35 by locking the well hydrostatic pressure within the':
control fluid reservoir. a predetermined increase in the .
well annulus pressure from the surface now causes the
isolation piston’ll3 to compress the power fluid in chamber



10 by an increase.in-.power fluid pressure within the chanber 109 which is
comuni cated through conduit 125.to the pressure responsive annular area
127 of the control valve. However, during the running-in operation sho 73
Figs. 1A -IE, the fluid pressure in the control fluid in passage 15 1

and chdrber 139 is equal- to the well hydrostatic pressure acting through
ports 121 upon the power fluid in reservoir 109. Because the upper end of
the control valve is a |arger diameter than i5he | ower extent thereof,
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_ Downward movement of the ball piston 29
moves the ball valve 23 to the open position shown in
Fig; 2A and hence the fluids produced by the formation .
to be tested are allowed to flow into the bore of the test
20 tool and upwardly through the test string to the well
head, if desired. The pressure of the formation fluids
can also be measured by recorders which are provided'within
 the test string as shown in Fig. 4.
| A typical drill stem test involves opening
25 the ball valve 23 for. a predetermined period, measuring
s ' flow rates and pressures, followed by clos;ng the ball
valve and measuring the resulting formation pressure,
then reOpenihg the valve, etc. It is not uncommon to open
and close the valve a number of times in order to provide
30 sufficient test readings.

Figs. 3A- 3E illustrate the test device
with the ball valve 23 in the closed pOSltion. In order
to'close the'ball'valve'23, it is only necessary to reduce
the pressure in the well annulus above the packer to the

35 original:reference level. When the annulus pressure is
relieved, the lack of pressure on the isolation piston
113 allows the coil spring 141 (Fig. 3C) to return the



and supplies control fluid through the conduit 105 to the ptston face 101

to shift the power valve 93 to the position shown in Fig. 2C Shifting the

po Jalve 93 10 conmunicates port 99 with port 95 and thereby opens .a a
flﬁzgﬁﬁassage to allow well fluids present at the orifice 112 to be '

co I"cated to the ball piston 29 to shift the pistori downwardly to the
‘position shown in Fig. 2B. Downward novenent of the ball piston 29

conpresses the ball 15 spring 59 as_ sﬂpmm in Fig. 2B. Downward novenent of
‘the ball piston 29 noves the ball valVe 23 to the open position showa in

Fig. 2Acenérhdnvalvhel2$| tPditsr coigihak pasdtiommaMovementbeft theeds are

al'l OwedcbﬁtEbQanmvg lﬁ9h98r€h8fp6§‘§t£&§tsk?&vﬂ Q! rakd lsew%ﬂu theough the

t est strlgg desired quﬁpressure of formation
flui ds. & §I§&u5@ ABLREr BHSBy FRRYS dehe RAFEAT FaCeH IO &BIOWEPNI n t he test
string porzhasds ko Ehg. iﬂteﬂibypllwi-e obflﬂhstmn,esuﬂomnbveaeopeni ng 25

the bal boleGatte! 63 BoPLESSLE E) nofk porl bo JPTHIING | BHCaTeS  and

pressur cl oSrng measuri-ng the resulting
fornatl@@epﬁe§§§rélu@ﬂenaﬁééﬁen$ﬁgl?¢éﬂﬂgﬂ\RP the balil pdsgon gdBcomon to

open an(ioCItﬁ&eihlﬂériérVBoﬁen@ﬁb@lﬁeOEoél NEised rprp&rt 9y .prraei de 30

suffici éltest reaggg Ek gf. 3E |IIus the -est _device with the
bal | va 2 SBF ARG L58] f8e gbs? o€} PRIV 594 [EBAPE val ve 23,
it |iOoﬁbyceefersdryvingrehcchallmp;stmmLREaupwaﬁdiymadd xotatdsgabove t he

packer el B8135081 g1 B3| £5CLAE CORELE iSbat ANAD diiRnP Ity PRRESUTE 1S

relieve gressure on t i'sol atron pi'ston 113 alloms the coi
spring 141 (Fig. 30 THer RFefFRUrfcoPerated valiumiGaRt. agaife b9 to its \_/\_/
ori gi nalopeaekt bgn inbbeaseny eﬁet&mmm@rpfé&swd wo B dvelt s fgasi tion

shown 1046 +3CoKRRkShBCcBRUELL Wi do ' 134" GHAP QY e P ston Face

15 complete, the packer is released and the device can be
retrieved to the surface. The check valve 261 vents the
trapped hydrostatic pressure from the control fluid
reservoir to the well annulus. Check valve 261 also
serves as a pressure relief wvalve, in case downhole_

20 temperatures cause. exceSSive' pressure within the control
fluid reservoir. _

' An invention has been provided with several
advantages. The test valve of the invention can be opened”
and closed without any manipulation of the well tubing

25 string from the surface. Because the well hydrcstatic
pressure is trapped within the deVice at the test depth,
it is not necessary to preload a compressible gas as a

reference pressure for operation of the device. Because
the tool does not require charging with high pressure gas,

30 danger to operating personnel is reduced._Also, because the
reference gas pressure does not have to be calculated at the
_surface, variations in well temperature and pressure do not
effect the operation of the device._Instead of using a
'compressible gas to oppose the movement of the ball piston,

35 eight displacement pistons act against a coil spring in
atmospheric chamber to absorb the volume displacement of
control fluid. This arrangement provides a safe and
reliable mechanism for repeatedly opening and closing the



5 port 133 to the. interior bore of the tool, allow ng the power valve 93 to
return to -its ortginal position.. This opens the fluid passage 57 | eading
to'the ball piston 29 to the interior bore of the tool through port 9 The
ball spring (59 in Fig. 3B) then provides the sole closing 10 forceegéP
driving the ball piston 29 'upwardly and rotating the ball valve 23 t he
cl osed position shown in Fig. 3A. The-pAdssure operated val ve can again be
opened by increaéijig‘ééﬂﬁe'mﬂdd%ﬂr S210¢ ahfulnbeypbeduid] - cient Lo shif!
the contegl valve 129." Once testing is 15 conplete, the packer is rel eased
and the ‘device can be retrieved to the surface. The check valve 261 vents
the trapped hydrostatic pressure fromthe control fluid reservoir to the
wel | annul us. Check val ve 261 al so serves as a pressure relief valve, in
case downhol e 20 tenperatures cause excessive pressure withi-n the contro
fluid reservoir. An invention has been provided with several advantages.
The test valve of the invention can be opened and closed w thout any
mani pul ati on of the well tubing 25 string fromthe surface. Because the
wel | hydrostatic pressure is trapped within the device at the test depth,
it is not necessary to preload a conpressible gas as a reference pressure
for operation of the device. Because the tool does not require charging
wi th high pressure gas, 30 danger to operating personnel is reduced. Al so,
because the reference gas pressure does not have to be cal cul ated at the
surface; variations in well tenperature and pressure do not effect the
operation of the device. Instead of using a conpressible gas to oppose the
. myvenent of the ball piston, 35 eight displacenent pistons act against a
“goi|l spring in atnospheric chanmber to absorb the vol une displ acenent of
‘control fluid. This arrangenent providées a safe and reliable nmechanismfor
repeatedly opening and cl osing the -17- :



ball valve using only well annulus pressure. -18- CLALMS: - 1.

A pressure operated test valve for use in a well test string*in a well
bore, the test string having 5 a packer arranged for .sealing the well bore -
toiﬁu{é&e the annul us between the well bore and the test string above the
packer “romthat portion of the well bore below the packer, conprising : a
rotating ball valve novabl e between open 10 and cl osed positions relative
to the interior of the test string;, a ball piston for shifting said
rotating ball betmeen said open and-ci®sed positions; biasing means jgr
urging sai Al piston.15 to its valve closing position ; a power fLyld
reservoir Con alnlng a power fluid; an axially shiftable power valve

| ocat ed wilt-hi n a power Acpaﬁ§§u¥es@@et§mniwtes#\Maﬂwanﬂmg mﬁpoiﬁdaZO pi ston

faces expeadd kuskeaRsifl LhubluBResBorYRYend dddidhd o fagapguer f1uid

reservoir; i dable_control val ve a control
chanber ? ?apa‘ctl;‘Sﬁt F6F39§¥9efﬂ§v??®l%n%r*e§%lﬂ%ur @:ﬂﬁﬂ\é%é-%ﬁ@lear ar ea
exposed t ¢heardnpdusr Bétﬁéendtherwel&fbafﬁl&ﬁa(ihaﬂﬁééﬂ staliwg and havi ng

nternal RaasR0ERe! BRRUPPEYIMTL RLESSULLAGH H0VRL Tind o B, aeLect - ed

face of said power power va P¥t position
whi ch i sotR€ePaSkpybePRPELSiRG &nd a second p05|t|on whi ch exposes said

bal | 30 piston to annul gs fbﬂadlﬂgeﬁéyievérvefﬂBJéﬂﬂEJsa%dE Rabg ho said
open p rated test valve ccordlng to

ol ai m 10 P?hs%°ésﬂpm?ﬁ§°as@ﬁ%%’%f\f?“reoﬁfesﬁaw%orcaﬁ -

i sol at ed- sgminglk fluid, said control fluid .
' a ball piston for shifting said rotatlng ball k—*k_,
between said open and closed positions;
biasing means for urging said ball piston
15 to its valve closing position ;
a power fluid reservoir containing a power
£luid; | o
an axially shiftable power valve located
" within a power chamber, said power valve having opposed
20. piston faces exposed by ﬁéans of fluid passageways to
fluid in said power fluid reservoir; and
an axially slidable control valve located
within a control chamber, said control valve having a
pressure responsive annular area exposed to said power
25 fluid for shifting said control valve and having internal \\_/-
passages for supplying pressurized power fluid to a select-
ed face of said power valve to shift said power valve
between a first position which isolates said ball
piston and a second position which exposes said ball
30 piston to annulus fluid pressure for shifting said ball to
said'open position.
2, The pressure operated test valve accordiug
to claim 1 further comprising a control fluid reservoir
containing an isolated control fluid, said control fluid
35 reservoir being connected to said control chamber whereby
- movement of said control valve within said control chamber
‘results in a volume displacement of control fluid within
said control fluid reservoir.
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:35 reservoir being cenmnected to said control chanber whereby novenent of
said control valve within said control chanber results in a volune

di spl acenent of control fluid within said control fluid reservoir. - 19¢&
-3 The pressure operated test valve of claim?2, further
conprising pressure responsive nmeans for maintaining the pressure of said
control fluid at the level of the well 5 lBydrostatic pressure prior to

setting said pgcker to ther resi h 1Lspl USigs
movenent . -of saigd cont rol vale}%/%e éﬁ?s%t(‘)lrrtel %8%?%5%&5%?&%%%% I C .jo,y

pressuréinto FAFEhEBNEPERTIFING REESSUFG FeAPPRALIYE PEARS SEPT JRikaining

Wne(rj eby shiftipgesprdsseré ot saildechRrolegluigsatuthbelepebssfirimatiedl of
sal power

| nges r9f sl obiralequl rbele
The preseur 8 oBSRAPERSFERIPRRI N bitach o SPUbERS, ekapPFERd %ol ¢ uig

i sol ati on pi st thersby pesisn wiemdumes digpilggeaentncpnsednbh MVR&IPposed

_piston faces, Lg Qaﬁdoéoﬁéi-& f.AoRRe RelaNFoeXR8eRInEOLHE! ey dipstadtdtic
pressure and the othe

r of sald piston faces heing exposed Lo said power
fluid for furtREPSERESSLRFY; SR aﬁ%tﬁa)oerfif-‘ligi ae?srgﬁgﬂ 5F¥E cont r ol
val ve, loowerfva:eteingdsb)ﬁdlIp@élﬁémmhe’i@bys.shifting said Thenprebstakveper at ed
test valve [, ] | ; e LesSReusi ansgq udes a
fl oating pﬂgto%eggggésigggéﬁ%#kéxﬁﬁgdﬁggﬁyif o%%iﬁgggiégggghavfﬁgﬁg.first
face exposed tébPUBiﬁgep¢%%%ﬁ#49\M%ﬂiw¥¥9£QStFGBFn§r§FFPﬁ§'and a second face
exposed to conyrol fluid in B s operblteddtessevadve. of.claim 3

The pressur : d test f.CclAi 5l | S} | I d
_Pgssge conmunEEEPRG CORPTLFLY (ThY AN coitgodanipl BRFRDh 180 pibtol,
~sdid floating phembarsesahd fselation phston hgvdadsoppogedopisten of2aRF sai d

fluid passage Lok 8kl 8¥i8Jrides TR Plexgileaoleof Wieild RyassstaEed by said

floatin Iston into said_control flui _
gp pressure and the other oéjsaid piston faces being exposed

v

e

to said power £fluid for further pressurizing said power
fluid to shift said control valve, power valve and ball
piston. '

20 5. The pressure operated test valve of claim 4,
wherein said pressure responsive means inciudes a floating
piston in a piston chamber, said floating piston having
a first face exposed to tubing pressure within said tubing
string and a second face exposed to control fluid in said

25 éontrol'fluid reservoir.

. 6. The pressure operated test valve of claim 5,

\~// B further comprising : a fluid passage communicating control
fluid from said control fluid reservoir to said floating
piston second face; and metering .means in a portion of

30 said fluid passage for allowing the flow of control fluid
pressurized by said floating piston into said control fluid
reservoir, while resisting opposite relative flow of said
pressurized control fluid. '

7. _ The pressure operated test valve of claim 6,

35 wherein said metering means is at least one check valve.
8. The pressure operated valve of claim 6 or 7,
further comprisihéz a pluraligy of spring loaded displace-
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reservoir, while resisting opposite relative flow of said-pressurized

control fluid. 7. The pressure operated test valvé of - cla|n16
35 rein said metering nmeans is at | east one check val ve. 8.

Th ressure operated valve of claim6 or 7, further conprising: a
plurality of spring | oaded displace- - 20 - nent pistons, each of said

di spl acenent pistons having a pressure_responsive area exposed to contral
fTuid pressure within said control fru#® Teservoir for absorbing 5 the

vol urre di saanatcemstbn@au&adhbwfrrsaeaemspiaéaaéh@cxmgﬂana/aiawe.nw Bhi nzsara
control fluid reserv e of

ressu erated test v
anyone of RERSSUESq; Iegpgntsbvg ﬁ}ﬁg?‘e?ﬁpgsﬁ% 5%@%%% m sai d control™
fluid are pndssuae Wathini seddpeestidl efluidi xssexiri Eor absorbingThe
pressurse %%q@nieeaasmh&ameﬁtaeaeesd% t:ﬁ@v&ﬁédmfl d c%%%lln sai d

power valve'is a posi ort” val ve. 11. he pressure
oper at ed t"éé'tveva'li\'f'glﬁf séﬁ?oﬁ@“BF#hgl&%l Fw%s?r‘f‘biﬁo wherein sai d contr ol
valve is ®.tw 15 p05|mhenprésaureooperatde tést vdlve df anﬁUne S *

of the claims 2 to 8 ‘wherein said power fluid and said
control fluid are substantially incompressible liquids.

10 10. The pressure operated test valve of anyone
of the claims l to 9 wherein said power valve is a two
position, three port valve.

11. The pressure operated test valve of anyone o

of the claims 2 to 10 wherein said control valve is a two
15 _pos1tion, four port valve.
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