2097444 -1- "TEST TREE" This invention relates to test trees and systens {
for testing ‘and produci ng of fshore wells. 5-- . In the produztoolgrz444
testing of offshore wells it is desirable to be able to quickly dis

t he p gouction t est string fromthe well in the event of an emergency such

as adJ' Je meather condltlons In naklﬁg1the qui ck di sconnect provision

nmust ade for shutting in the well. Suitable apparatus for this €
process was shomn |n U.S. Patent Specification No. 3,411,576, issued to

Tayl or on Novenber 19, 1968. In the Tayl or patent nUItipIe val ves with

mul tiple val ve operators were 15 left in the well and the production
string above the bl owout preventer stack was released fromthe test tree _

|l eaving it in the bl owout preventer stack when a di sconnect was indicated,

as. by adverse weat her conditions. Taylor taught that the tree was suspended

20 in the well head and the bl owout preventers control flow about the
exterior of the tree and valves in the tree control flow through the tree.

Later 'versions of test trees are shown in the patents to Aunann, U. S.

Patent No. 3,955,623 issued 25 May 11, 1976; Young U.S. Patent No.

3,967, 647 issued

"TEST TREE"




- 2a - July 6, 1976; and Helnus U. S Patent No. 3,870,101 issued March 11,
1945. In the Aumann device dual flapper valves are provided and the

@perator for opening the flapper valves is carried in a stinger 5 -
whi ch is disconnected | eaving the two flapper valves in the well. : .
| re .

Young patent the conbination of a ball valve and a flapper valve wh

left-in the well is disclosed in which dual valve operators are provided in
t he stinger which are renoved when the_lg - stinger is retrieved | eaving-
dual valves in the well. In the commercidal formof the tree utilized by the

Assi gnee of the Aumann and Young patents, the valve housing after the
stinger has been renoved can be bel ow the bl anking rans of a bl owout
preventer 15 stack. The Hel nus patent shows another formof test tree
in which dual valves and their operators are left in a well after the
stinger is renmoved. |n. tHEhimbinvention CElat220 tof tesits tErgsnerdi agséms
Corporation, Dallas, Texas, a tree is shown having dual ball valves which
are left in the wel l£oF ttesting and groducingwffghorecwelilgger carries the
operator for_both ball valves. As in the Young patent, it is contenplated
in the Ois publication tHaithenPHASRGLLIOp testing of,pffshere¥edls iteist o

cut a wrellne mhlchdég%Qable to be able to quickly disconnect the

production test string from the well in the event of
an emergency such as adverse weather conditions. 1In
making the qguick disconnect provision must be made for
10 shutting in the well. |
Suitable apparatus for this process was shown in
U.S. Patent Specification No. 3,411,576, issued to
Tayior on November 19, 1968. In the Taylor patent
multiple valves with multiple valve operators were
15 'left in the well and the production string above the
blowout preventer stack was released from the test
tree leaving it in the blowout preventer stack when a
disconnect was indicated, as by adverse weather
conditions. Taylor taught that the tree was suspended
20 in the wellhead and the.blowout preventers contfol
flow about the exterior of the tree and valves in the
tree control flow through the tree.
Later versions of test trees are shown in the
patepts to Aumann, U.S. Patent No. 3,955,623 issued

25 May 11, 1976; Young U.S. Patent No. 3,967,647 issued



be extended through the tree when it is decided to quickly disbonnect. In

the publication a shear pin arrangenent provides for a delayed cl osing of

the upper ball valve to permt the | ower bratl valve to cut 5 a line

and the J&xe to be retracted through the upper ball valve prior to closing
of the

which t A

ee body portion which carries the valves nay be positioned

bel ow bl ~M1d rans of a bl owout 10 - Ppgeyenter after the stinger has been”

di sconnected. None of the above test trees teach a tree which is so short

in vertical dinmensgelytépt19ye; cdrid el U8, (Fatens Noondd8yel,dWlt he
blind ranms of a bl owout preventer which in an energency can cut through the
15 product i oniésibéedMafciowll ;i nk37S et dIn thsowamang deydceodyadt in the
wel | below the blind ranms. Further, in the event of cutting through the
producti on tubi ng fibapper healves anrl Bronided) ald thenORAratoFefOrt he system
should fail safe; that is, the control valves, 20 ., Should aytomatically

close to shut-in fPRARIRGNTRREIAPPRE | LVes S AFF LSS dR & SS9 zed a
e e oD Rfek™Fa FE5eb S SE008 SRS el S A " Aol
in the well. 1In the Young patent the combination of a
ball valve and a flapper valve which are left in the
well is disclosed in which dual valve operators are
provided in_the stinger which are removed when the
10 stinger is retrieved leaving dual valves in the well.
In the commerciallform of the tree Jtilized by
the Assignee of the Aumann and”Young patents, the
valve housing after the stinger has been removed can
be below the blanking rams of a blowout preventer
15 stack.
The Helmus patent shows another form of test tree
~in which dual valves and their operators are left in a
well after the stinger is removed.
In the publication OEC 5229 of Otis Engineering
20 Corporation, Dallas, Texas,_a tree is shownlhaving
dual ball valves which are left in the well after the
stinger is removqﬂ. The stinger carries the operator
for both ball valves. As in the Young patent, it is
contempléted in the Otis publication that the lowef

25 ball will act as a cutter to cut a wireline which may

-val ve. The tree of the publication again provides a systemin

~



-.3a - In sone instances it is desirable to flowthe well for a sufficient
| erigth of time through the test tree that the well nmay be conshdered on
production. In such instances it is sonetines desirable to g%zgga'S _
subsurface safety valve which ts controlled fromthe surfac d which will
shut. in the wel'l in accordance with known procedures in the event of*sone .
unysual occurrence happening at the surface, such as an accident which

m ght result in escape of well fluids 203 = into the environnent. In the
past a subsurface safety val ve has been included in the tubing bel ow a test
tree by utilizing thbecrsseadedi theewgynthe neremivhepdssdd deaddsd tiee tree
as a conduit to supply hydraulic fluid to_the 15 subsurface safety

val ve to control its9Ypeka¥i dhscappecty st ththBubhicakiAm@ fheadoRimp|  of

L1 ubot a0e oo 4y hiSantl LSRR e PRI R Y SO,
L eT oo 11 ek Lo upieh 85,81 95103505 Byidle SRRILSA B BRI,

stack, but net for the;pHEPSAg She COIHRE Ot I BE fetitdd A%H SRfiFithe! AppRr 25
It is an object of this Invention to provide an
ball valve prior to closing of the upper valve. The
tree.of the ?ublication again provides a system in
which the tree body portion which carries the valves
may be positioned below blind rams of a blowout
10 preventer after the stinger has been disconnected.

None of the above test trees teach a tree which is so
short in vertical dimension that the entire tree may
be positioneg below the blind rams of a blowout
preventer which in an emetgency can cut through the

15 production tubing, flow lines, etc., above the tree to
shut in the well below the blind rams. Further, in
the event of cutting through the production tubing
above the tree aha severing all control lines, the
system should fail safe; that is, the control valves

20 ‘should automatically close to shut-in flow from the
formation.

Where the prior art utilized a ball valve one

spring was used to oppose control pressure and a
second spring used to hold the ball in closed

25 position.



extrenely short subsurface test tree in which the entire tree may be -
positioned bel ow the blind ramof a conventional blowout preventer stack.
According to one aspect of the present invention 5 there is provided
bsurface test tree adapted to be suspended in a bl owout preventer stack
S|ng, a tubul ar valve housing, a cylinder in said housing, a spring

S o t in said cylinder, a piston inSabIe in said cylinder, spring neang/-
voing bet ween the said 10 sﬁr'ﬁg support and said piston and

urging said piston in o ShEeClddihdbdd O GUGUEY NI 617131 Lawey

extending axially thro hou5|ng an avi ng a2 poiti on arran e

radially inward frv?%ifaféjr sprd ei%%}gcail(fnr i yﬁl \é‘ig'@e%%bg gﬂleng geval ve

menber on 15 € spring si ston and positi east in
part in the portiogr&d €her fErmaweel s uidy Welednklidetied BRI ppedieRisnand
between said spring support and piston in at |east at one position of the
val ve nmenber, sai dIyaswéh nEsssameesicit cib isonaiithesi Gesirabde2@o have a
controlling fIOM/through said flowvay in response to reciprocation of said
pi ston, a Bontrol Subsurfacelsatety salyeodnichxtisndongrbldedt fieowi dbeof the
pi ston opposite said spring means, a stinger, nmeans for releasably |atching
said stinger to sa$urfagecamd which Hekkl mhuta inosheomedlyiin asseadance sai d
stinger

with known procedu;es in the event of some unusual
occurrence happening.at thé surfacé, such as an

. accident which might result in escape_of well fluids

10 into the environment. _ |
In the past a subsurface safety valve has been

included in the tubing below a test tree by utilizing
the chemical injection line which passed through the
tree as a conduit to supply hydraulic fluid to the

15 _subsurface safety valve to control its operation.
This system, while providing for control of the
subsurface saféty valve, eliminated the possibility of
use of the flowway through the tree to inject
chemicals into the well.

20 A pierced slick joint, such as disclosed in this
application, has also been utilized in the past as a
means of conveying fluid past a blowout preventer
stack, but not for the purpose of controlling a
subsurface safety valve. |

25 It is an object of this invention to provide an

L4



- 4a - comunicating with the control-fluid conduit in said body when said
stvnger is latched to said val ve housing, second valve neans in said
lrousi ng above said first valve neans, neans in said housing urgi such 5
second val ve neans toward cl osed position, and val ve operat or g§§§9 carried
by said stinger and operable to nove said second val ve neans t en }
posi;lon and novable to an out of the way position to permt said second.
-val ve to be noved to closed position by dai=d 10 urgi ng neans.

Accordi ng to anot her aspect of the present invention there is provided a
subsurface test tree extxemedyt shoetsaspsndfacentestl boweit iprwvich ethest ack
conprising, a tubular valve housing, a tubular 15 cylinder in said
housi ng, aspring supiyire Kreg maEyanBEFJLt&Op?étbﬁl%‘PlMlblimﬁ seam of a
cylinder, a tubular connecting rod extending fromsaid piston toward said
spring support and sFXWe éﬂl91PHRHFdPFgBﬁF§3FdsE?ander to provide an

annul ar space, spring 20 n_said anng %é ace ext endj ng bet ween
ah iy

said spring support and seflcc‘f"ﬁggf'Gntof PPg: aGRFG p%’é???%ﬁe’d“ %&ﬁ’aﬂqy
| nward of saigl tubul Q‘.rt%e‘i%mlpscélrg%ﬁg aSgh s¥?k§§ﬁ”?§§§ £P80eg4
ontrol I'i'n

connecting rod and c I"ow hroug sal ousing 1n res nse
to reC|pr0cat|0n.0f:gygﬁdﬂdg@oqn a2biowBL¥ECpPB@PAter stack comprising; a

tubular valve housing, a cylinder in said housing, a
spring support in said cylinder, a piston slidable in
said cylinder, spring means extending between the said

10 spring support and éaid piston and urgin§ said piston
in one direction a flow conduit providing a flowway
extendihg axially through the housing and having a
portion arranged radially inward from said spring
means, first valve means including a valve member on

15 the spring side of said piston and positioned at least
in part in the portion of the flowway surrounded by
said spring means and between said spring support and
piston in at least at one position of the valve
membe:, said valve means conngcted to said piston and

20 controlling flow through said flowway in response to
reciprocation of said piston, a control fluid conduit
in said boqy extending from the side of the piston
opposite said spring means, a stinger, means for
releasably latching said sfinger to said valve

25 housing, a control fluid conduit in said stinger



havi ng a val ve nenber | ocated between said spring support and piston in at

| east one position of the valve nenber, a control fluid conduit in said hd
housi ng extending fromthe side of the piston opposite said 5 - spring -
mea astinger, neans for releasably |atching said stinger to said valve
hou , a control fluid conduit in said stinger comunicating with the .
cont fluid conduit in said housing when said stinger is |atched to saigd,
val ve housing, a pressure done in sa+dsdO- val ve housing, and a piston
exposed to pressure in said dome urging the connecting rod toward valve

- closing position. cemmuniiqasing avifthr tther C@@;Sé@ﬂ S§Auidecppéudht inngsaidi on
there is provided a subsurface test tree adapted_to be suspended in
a bl owout prevente#°@ﬂeﬂﬂ@ AR Stiggex ﬂ&b&P&Fh§§I§8 ﬁB&QlHQ V8 cylinder

d h , d cyli.nd dabl e
Said cyl inder, & r'“egrcaﬁ%%adfﬁg S néﬁnéﬁwo 3189 FevBR Pl o

said spring 20 vaea%%aﬁﬁac?n%an%d' %' ”%BQFI@O gﬂ.g &%(Lh”def
to provide an annu ar space Spring neans annu ce“ext endi ng
between sagd SPri gy P ¥d1vA thedidisd m&anclagah ssamizsenf aﬂanaaibw din
sai d annul ar space to provide a bal ance chanber, fi val ve neans

having a val ve nerdisr s ticdiy daadiield by said stlnge: and operable to
move said second valve means to open position and
movable to En out of the way position to permit said
second valve to be moved to closed poéition by said
10 urging means.

According to another aspect of the present
invention there is provided a subsurface test tree
adapted to be suspehded in a blowout preventer stack
comprising, a tubular valvé housing, a tubular

15 cylinder in said housing, a spring support in said
cylinder, a piston slidable in said cylinder, a
tubular connecting rod extending from said piston
toward said spring support and spaced radially inward
from said cylinder to provide an annular space, spring

20 means in said annular space extending between said
spring suépo:t and said piston, first valve means
positioned radially inward of said tubular connecting
rod, said valve means connected to said connecting rod
and controlling flow through said housing in response

25 to. reciprocation of said piston, said valve means



5a - inward of said tubular connecting rod between said spring support
ahd piston in at | east one position of the valve nenber, said first valve
means connected to said connecting rod and controlling f1 ow t hr oyeh sai d 5
housing in response to reciprocation of said piston, a control \ L
conduit in said body extending fromthe side of the piston opposi¥esSaid
spring nmeans, a balance fluid conduit in_said housing extending fromsaid

bal ance chanber a stinger, nmeans for FeﬁbaSably 10 | at chi ng such
stinger to said valve housing, a control conduit in said stinger
communi cating with thavésat FoValvﬁllueMﬁulqcﬂ‘FP%ah%F‘!ﬁﬁy SP4iMgst i nger

is-latched to said val ve housin and a_bal ance of fluid conduit in said

stinger communi cat i n&“ﬁPPﬁtsaPG ESStm ipatnkeast Ane Ratikion r?fsaﬁhd’ body
when said stinger is_| tched 0 _said. v h 4¥ ﬁresent dentlon
can provide an extre|¥§ yeshoPPetes? F72 "F]n ﬁ#‘f’c‘ﬁgﬁﬁ{é ! e"l:cﬁ‘ﬂ P8 R er
I's unl atched fro”‘thSﬁé@hﬁ?nHQE§bﬁgtﬁstlé ort éﬁ£051 e 4Y N9

will be below the bli rans conven |ona ore owou preventer

TheClSher “sarsszn;azr@gfﬁﬁngzéfgﬁz:%:mé%;fnzeaﬁ “%‘*hﬁ?%l%ﬁas%‘”&?ﬁ?ﬁﬁ““@
upper valve 25 sa9ar gtehge£drHosa id OFa Be s itP, |0 Ven LV1Y € Vi
conduit in said stinger communicating with the control
fluid conduit in said housing when said stinger is
latched to said valve housing, a pressure dome in said
10 valve housing, and a piston exposed td pressure in
said dome urging the connecting rod toward valve
closing position. -
According to a further aspect of the'present
invention there is proﬁided a subsurface test tree
15 adaptedlto be suspended in a blowout prevehtet stack
"comprising; a tubular valve housing, a cylinder in
said housing, a spring support in said cylinder, a
piston slidable in said cylinder, a tubular connecting
rod extending from said piston toward said spring
20 support and spaced radially inward from said cylinder
to provide an annular space, spring_means in said
annular space extending betweeh said spring support
and said piston, seal means confining fluid in said
annular space to.provide a balance chamber, first

25 valve means having a valve member positioned radially



sever a line therein and the line be renoved fromthe upper valve prior to

cl osing of the upper valve. Provision can be nmade for bal ancing the o/
opera pi stons of all valves so that the tree may be used at 5 any
dept h wherein any failure of a dynamic seal will result in flowinto

the b ce systemand result in the valve failing safe. A valve in the
test th~€e can be closed under the influence of a done charge as well as a_ ;
normal cl osure 10 spring to prow &a anple force for cutting a line

extendi ng through the valve. The test tree can have a bal ance |ine so that
I f the done chargeinwakdsoft baidatubukati cennegt g prad e twesrh tsa i ovi de
force for cutting through a line. 15 o A |l ower valve may cut
through a |ine andsprdngosuppappl and Pbstor im| b leamrrone pasidion tof o
cl osed position can _be provided by a force applying neans which is a
permanent part of ChE Yalve me®Refg iﬁi?iﬁﬁ‘gg T3iVe mRAng, qennedked i
pover Iy be 20 vesas3 Bahadeb nb EpholSS  hrent RISt et Siflh sl e ™
opposes o8Ol T oo, FYpIRACeh I8 SRR B B T,
with a surface conyrabhefol £1u$8 conduit in said body extending from
the side of the piston opposite said spring means, a
balance fluid conduit in said housing extending frdm
said balance chamber, a stinger, means for releasably
10 latching such stinger to said valve housing, a control
conduit in said stinger communicating with the
control fluid conduit in said body when said stinger
is latched to said valve housing, and a balance of
fluid conduit in said stinger communicating with said
15 balance fluid conduit in said body when said stinger
is latched té said valve housing.

The present invention can provide an extremely
short test tree in which when the control stinger is
unlatéhed from the valve housing and lifted, the valve

20 housing will be below the blind rams in all
conventional offshore blowout ﬁreventer'stacks.

The test tree can have multiple valves in which
the forces urging the lower valve toward closed

position are greater than those urging the upper valve

25 toward closed position so that the lower valve may



subsurface safety valve in which the safety valve may be controlled with
pressure fluid normally present in one of the pressure fluid fl owmays in
the safety valve without | osing the function normally serviced
fl omvay. A surface control subsurface safety valve can be pra
t ubing bel ow the tree, the subsurface safety val ve being con
pressure fluid which acts as the control fluid for the tree o
pressure fluid which acts as a balance fJgd for the tree. A pierced slick
joint may be provided in fluid conmunication with a fluted hanger for
supporting the test tgeetNaaliveé ! tivsekein tdhd heC AiineOlbe irdthdved R okd the
subsurface val ve extendi ng between the valve and the fluted hanger. The
invention will be desuppéedvabwe hpriey td cdosiplge ofhithenupperartailevel.ar
reference to the acconpanyi ng drawi ngs. In the draw ngs:- 20
Figure 1 is a fragnentary Beoehsion canbe madeyifor hadametingr ahenoperatack
showi ng a subsurface test tree_of _this inventiogon |anded in the stack bel ow
the blind rans of thePbPEaRStOhrallftalves £ thatgkhe Xriee pay dg yssd at
to Figure 1 iﬁ whi ch 25 tinger, of the tree is _shown released_from
o] ékﬁﬁﬂ

h
the  valve Rousing. &M ﬂ%?ﬁ% ﬁ%@éﬂ‘ A 5 e PfwGufynamic seal

will result in flow into the balance system and result
in thé valve failing safe.

A valve in the test tree can be closed under the
influence of a dome charge as well as a normal closure

10 spring'to provide ample force for cutting a line
extending through the valve. The test tree can have a

_balance line so that if the dome charge is lost the
balance line may be.pressurized to provide force for
cutting through a line.

.15 A lower valve may cut through a line and the
force applied to the valve member to rotate it to
closed position can be provided by a force applying
means which is a permanent part of the valve housing
portion of the tree so that maximum power may be

20 applied to the lower valve to cut through a line.

The test tree can have a.singlé spring for a
lower ball valve which both opposes control pressure
and moves the ball té cioséd position.

One embodiment of the invention provides a test

25 t;ee in combination with a surface controlled



£

preventer stack to pull it fromthe stack and the upper or blind rans to be.
cl osed above the val ve housing to shut-in the well; 5 Figures 3& -
B are quarter-section continuation views taken along the line 3-3 of
}- 7 showi ng the control valves in open position; Figures 4A and 4B are
-section continuation views simlar to Figures 3A and 3B taken 10
along the line 4-4 of Figure 7 show ng the opposite quadrant of the valvq_/@
with the valves in closed position, Figgires 3A, 4A, 3B and 4B when
consi deréed together providing a full sectional view through the subsurface
test tree and shosubgurifacealsa€etynvajer ih whichatble csafecy posive anay
Figure 5is a viewalong the lines 5-5 of Figure 7 showing in vertical
cross-section the bet icoperoddedi o tdf pregsuget finéd; néipally Presenveini cal
cross-sectional view of 20 the | ower val ve housing section of the test
tree; Figure 7 isoRe @f Shenpressuse fluidcflovvraysointthe safewyivalve
Figure 8 is an expl.oded view of a cogtrol arm and iﬂg | ower val ve seat:
Figure 9 is a sch aty,itefing) fher ABPGELPRNOTHRL hht POV HFed PEsFuehce
and a subsurface saf valve with the valve 05 operated by the control
_ pressure ?%r t he ?§§§R% €e; '

A surface control subsurface safety valve can be

provided in the tubing below the tree, the subsurface
safety vélve being controlled by the pressure fluid
which acts as the control fluid for the tree or by the

10 pressure fluid which acts as a balance fluid for the
tree.

A pierced slick joint may be provided in fluid
-cqmmunication with a fluted hanger for supporting the
test tree in a wellhead with the control line to the

15 subsurface valve extending between the valve and the
fluted hanger.

The invention will be deécribed now_by way of
example only with particular reference to the
accompanyiné drawings. 1In fhe drawings:-

20 Figure 1 is a fragmentary schematic view thfough
a blowout preventer stack showing a subsurface test
tree of this invention landed in the stack below the
blind rams of the blowout preventer staék;

Figure 2 is a view similar to Figure 1 in which

25 the stinger of the tree is shown released from the



Figure 10A is a viewsimlar to Figure 3B showing in quarter-section a
fragnent of the | ower section of the tree and of the slick joint se
(,-—"a

P

thereto and the manner in which hydraulic fluid may be conducted fr gy
either the control 10 chanber or the bal ance chanber to the slick j
and Figure 10B is a view partly in section and partly in elevation
iFﬁggtrating the lower end of the slick joint, -the fluted hanger and
subsurface safety valve which are suspended fromthe test tree. 15 '
Referring first to Figures 1 and 2, there is shown at 10 the bore through a
bl owout preventer staeklvelllcusiingclandbedngonoeeti opeatdlpeinative Uplaiout
several bl owout preventers, each having ranms. Such rans are shown at 11,
12, 13 and 14. The | qeaverstiexr @tackorrvepuildnak| fromethéostackrandt tive
injection of 20 fluids into the annulus. The uppernost bl owout preventer
carrying the rans 14 YRReRILy bddndFams| itﬁdbﬁaﬁ'gﬁlﬁﬁcﬁb@‘@séh? healbve e

t hrough the bl owout preventer conpletely. instead of closing around a pipe,
such as does the bl oMAHSIRE FhERUE 4R %iz_e ¥8dlépper rans 14 nay al so be of

the shear ty whi ch are capable of shearing a_production tubing, such
as tubing 15 dn which the%$%§¥P 3§ F§ds§ p@ﬁﬂeﬂ?agﬁefhﬁchh°%nergency t he

shear ranms may be clo§§ﬁ.q“{ j 4 r i bj conkr

and the like %‘/ree from e aEedsqgl[f rue]%. I(P}gwéh gg?ﬁgh{e:g? ?gﬁ% g-l %s‘gka gg&ete%she
test tree and close in gHifHPWNE VPRIt $01968Ckn 8BehSpyBLLikapwn to
those skilled in the art. -

Figures 4A and 4B are quarter-section

continuation viegs s?milar to Figures 3A ahd 3B taken
10 along the line 4-4 of Figure 7 showing the opposite
quadrant of the valvé with the valves in closed
position, Figures 3A, 4A, 3B and 4B when considered
together p:oviding a full sectional view through the
subsurface test tree:énd showihg the valves in open
15 and closed position;
Figure 5 is a vigw along the lines 5-5 of Figure
7 showing in vertical cross-section the stinger
~portion of the teét tree;
Pigure 6 is a vertical cross-sectional view of
20 the lower valve housing section of the test tree;
Figure 7 is a tqp'plan view of the test tree of

this invention;



d

$£§§DESt tree indicated generally at 16 is of a very short vertical o
iwension so that the entire test tree may be 05 nounted bel ow the shear

ram 14. This short vertical dinensigg.also permts the val ve housing
|

section 17 of the test tree to be p

tioned in the well below the blind

Cont i qurat i o e Inoak: FRESPRE, Misw A Y cRREFPE Ehm) B8 $ungageg:

10 and ed.fram tact with the val ve housing portion of the tree to
CRes vag v, pedt

permt rans

4 to be closed above the housi ng as shown in Figure

2 to shut-in g%fgel i @g?&dg%- | IR LG ts 3y fhﬂﬁnﬁﬂﬁr or
that the wel Fﬂ' a sr?lofh% fe | send'aggtﬁm 1%1&%%%_.*.5 | Egltd;ag:g: sc enaftc?{cal |y
i n Fi QUES al taiat drddadd®ss bhBSuZ8asBY sh¥eR§S vidlvacdvith tige Whlven any
desired manner. For instance, the test tree 16 i.s nmounted on a slick tubing

sect 08N operaitied bys the controdr preadsuren foy dte Zest Hreegpi der

21 is

supported on the shelf 22 in the well head and 20 bl owout preventers

carryi ng ramfigurendOrR imyabviewosdmidbrutta highrek 3Bulshawilsy t tncont r ol
the well annulus. Reference is first made to Figure 6, illustrating section
17 of tAmarger-sectiom ¢h fragment  of : thendpwerhsectionsafgthe 18ree

di sconnected and wi thdrawn. This |lower section 17 in- 25 cludes

a housi ng

made upasd 9F then slick 39int sesurecetheretmiangd ithe: famaerdn which
i nt iate l.gtch b.24. Bel the | atgh b 24, the h [ i.ncl.ud th
Spr i ng. QIR L85 STHEE  Bao e nFRRR S ea T o SL RGO RS (ORI al Ty

tubuhg’ Jimber or the balance chamber to the slick joint; and

Figure 10B is a view partly in section and partly in

elevation illustrating the lower end of the slick joint, the

fluted hanger and subsurface safety valve which are suspended

from the test tree.
15 Referring first to Figures 1l and 2, there is shown

the bore through a b;owout preventer stack. This stack

at 10

would

20

25

conventionally be made up of several blowcut preventers, each
having rams. Such rams are shown at 11, 12, 13 arnd 1l4. The
lower rams are conventionélly used to control the injection of
fluids into the annulus. The uppermost blowout preventer

carrying the rams 14'normally employé blind rams which close
the bore through the blowout prevénter completely instead of
closing around a pipe, such as does the blowout preventer ram
11. The upper rams 14 may also be of the.shear type which are
capable of shearing a preduction tubing, such as tubing 15 on
which the test tree is suspended, so th;t in emergency the

shear rams may be closed cutting the production tubing and

control cables and the like free from the test tree. The



-10- formand is adapted to connect to the slick tubing 19 throu
2Z: At the upper end of the housing the latch ring 23 is provided!%?‘
groove 28 which receives latch neans of the 05 stinger as will appear.

herei nafter. The spring housing 25 i s ®rovided internally with a slick bore
25a which provides a qylinder in i ¢h the operatjn | ston 29

] Ay, o oy e Eeay Rrdhand Hidke i i blevaut,
reci’proca , | , ,
tﬁé’piston 29 and t cyli qFr 250441 -1 . ggl ket 84 the pi.ston
and | at chpm%el‘ro%'d ai@ni’%}é‘r %%&e%ﬁ% piszttlg‘ﬁ'%. z”l’ﬁ’llg’éi %ﬁg:ﬁber
I S connected t Gy St f § u} oW Ai- nt uid to
t he upper surfz;&g}eeh } pI s‘g’géne Z%%gcggggeb%ﬁééggg?oﬁkzéﬁgofvﬁq-8\%&1%?{?%5 '
Wthin t heuodd R D" ditlerfd iR 0 3Bhht RheVied?d ey tst Wi maydpef the
- | ower sub%gyel\sprlng 36 extends between the spring support 35 and the
pi st on 039 Ry ed) Belicwe tihies shidazd ragvaiddl ¥ THid Bhiorth &er¥icale dinend idn
-pressure fluid wiwthin.the control chanber 33. 20 Thus, in the conventional
manner thalsotpedmils prlss svalvei hbusingesectionl 1Zhafibehe 3Beststiés to
reci procation of the piston 29'in response to the forces exerted by this '
pressure ded positipreal i theél weppechelbwr dheathildnd axamesofir substan~s al so
utilized which is effective on the piston but if the 25 pressure done is
onm tted oftigdd¥rany reenventiqnralbloveutk preventer stagk scomfignragion

controlled by_ the intergction of pressure within chanber 33 and spring 36.
O cour se 5@ ifhak &he, stinger %%&ﬁqft cthentres M8y s PEn ASaNFaRed on-

10 and removed f£rom contact with the valve housing portion of the

tree to permit the blind rams 14 to be closed above the
housing as shown in Figure 2 to shut-in the well at any time
circumstances indicate to the operator that the wellhead
should be disengaged.

15 As indicated schematically in Figures 1 and 2,‘the test
tree 16 .may be posiﬁioned in the well in any desired manner.
For instance, the test tree 16 is mounted on a slick tubing
‘section 19 which is in turn carried by a spider 21. The
spider 21 is supported on the shelf 22 in the wellhead and

20 blowout preventers carrying rams ll and 12 may be closed about
the siick tubing 19 to control the well annulus.

Reference is first made to Figure 6, illustrating section
17 of the test tree which remains in'the well when the stinger
18 is disconnected and withdrawn. This lower section 17 in-

25 cludes a housing made up of a latch ring 23 on. its upéer-end
which is connected to an intermediate latch sub 24. Below the
latch sub 24 the housihg includes the spring housing 25 and

the bottom sub 26. The valve housing is generally tubular in



accQpdance with this invention provision is made for bal ancing the
hydrostatic head of fluid in the coA®rol line so that the tree may be used
at.any desired depth, as 05 will appear hereinafter. A flow conduit extends

t hrough ¥orEmnand; 4§ REAPLRE kel ICORRECEs theithe SidGic &ubing 45 (thromghiui t .

is provided b‘¥ ?’&i nternal bore through the ball support 37 at the | ower
end of t @343t ite, the connecting rod 29a whi ch depends fromthe 10

Phe bor o 242 8% (RRR SRpas i oif 39" Sofldey KheCiatrt "PRiwua%: 5 horti on

whi ch i i al ' I ' . t

' et r R 8 8 b¥obluR 28 Yl e d I [0ecl patflg B2 £he | o
d €0& | Wthin thi orti f th

?Pomy%ﬁéf %ﬂ%uﬁ%%yﬁut%ﬁg%%ﬁ' t hlan_t relasi SPO[)r ij\c/)indgd Wi '?h a

val ve nmeans stid @srixed |howsiseg "P5EE grovidéd HeedindlYy oppawes sheckover

end of seat 38. The ball seat 38 is carried by the connecting rod 20 29a
and contbore a2Ba 4ddchn prdides cad cylimberd in f whithheheecaope@tdngei t her

side of the ball 42 and have inwardly extendi ng pins 43c and 43d on which

t he bal Ipii#tors 29uregiprdcateshe Suitatilienseéalumeansso such as ttha
conventi onal manner reciprocation of piston 29 wl| cause the ball 42 to
rotate O=ring 31, seals between the piston 29 and the c_ylinder 25a.

10 O-ring 32 seals between the piston and latch sui: 24 to provide

a chamber 33 above the piston 29. This chamber is connected
to the control fluid conduit 34 for providing control fluid to
the upper surface of piston 29 to force the piston 29 down~-

wardly. _ |

15 Within the cylinder a spring support 35 is .provided by
the upper end of the lower sub 26.

A spring 36 extends between the spring support 35 and the
piston 29 and urges the piston 29 upwardly' against the force
exerted by pressure £luid within the control chamber 33.

20 Thus, _in the conventional manner the control of pressure
within the control chamber 33 results in reciprocation of the
piston 29 in response to the forces exerted by this pressure
and spring 36. As will appear hereinafter, a pressure dcme is '
alsc utilized which is effective on the piston but if the
pressure dome is omitted or becomes inactive, as by a leaking

- seal, the piston will be controlled by thé interaction of
pressure within chamber 33 and spring 36. Of c‘oui:se, the
pressure dome could be omitted and the piston would be con~

rolled solely by the difference between pressure withia the

-

33 and the force of spring 36 if no bal ance provision be made. In -’

~.



25 bet ween.open and closéd positions. Figure 8 illustrates that the seat « °
has:an annul ar external groove 38a in which the circunferentially exg€ndiNg..
cross portion of the T-shaped control arns are received to positivefy€ )/ .
reci procate the ball 42. In the converldonal manner the ball is alss
journall ed on -12- pins 44a and 44b which are carried in the ball
support 37.climbem| 83 andr shed £araet REs BETrdnghdfn ifnngabrdancen Prevision

cogbérate with the pins 44a and 44b to effect, such iotationb To provide for

a very shgr@ﬂ?%‘iﬂr_e’é“t#@%%‘??@ﬁ’ﬁg? 9@'? sinyent %?lBﬁ‘“ébs%ﬂ%t if mage
LI e ikl e A B8, S Bk
Sortion of THE (§8, SHSRT e ke gl | nd| af@Tht! ARG ABLER Yadldi) Tud 1

s, abovget | d bel ow the piston 29. By this
% WL bR e ndthes

arr angenent ~drmension which is critical to the provision of a
very short tree qogid@ Gonduie dk@dtds"BheoRgMCLhE! AbudadgD\EdH ald weppi ve
connection between the piston and valve to force the valve to close
position tofTwids® Béingr pkbdaced.ot IMhisC EDow i coridulix Ois sppPeidéedgby an
structures which may be extended through the ball valve. As indicated
above, it iinperhal rbore cthrowghlicthierbabl csuppart hd7 fak cehexbtoverd endt lof
hydrostatic head of fluid in the control line fromthe surface down to the
control 20 theanstrugtureer thei copnegting: red R which Kiepandscfyom tire

10 piston 29, the ball seat 38, the flapper housing 39, flapper

seat 41, and the bore 24a within the latch sub 24. This flow
conduit includes a portion which is arranged radially inwardly
from the spring 36. In the illustrated form this portion
" includes the upper end of the ball support 37 and extends
15 upwardly to the piston 29. '

Within this portion of the flowway, that is, surrounded
by the spring, the tree is.provided with a valve means such as
ball valve member 42 which sealingly engages the lower end of
seat 38. The ball seat 38 is carried by the connecting rod

20 292 and control arms 43a and 43b extend downwardly from the
seat 38 on either side of the ball 42 and have inwardly
extending pins 43¢ and 434 on which the ball 42 is journalled
in the conventional manner so that in the conventional manner
reciprocation of piston 29 will cause the ball 42 <o rotate

25 petween open and closed positions. Pigure 8 illustrates that
the seat has an annular external grocve 38a in which the
circumferentially extending cross portion of the T-shaped
control arms are received to positively reciprocate the ball

42. In the conventional manner the ball is alsc journalled on



ZHnacts both as a spring chanber and as a bal ance chanber. The connecting -
\ ‘29a tel escopes over the ball support 37 and a suitable seal such as the

ng 46 provides a sliding seal éaerebetmeen This seal in cooperation

‘t‘he piston seal 25 31 provide§S a fluid chanber 45 for bal anci ng t he

L'og's."ﬂ' PER 1 448, B Y, el (fof' SABRLEA T879RE ) 'éééé%ﬁéﬁﬁrlsmnv,
bet méeﬁr%iﬂ@%% 3%”2#%@ %Wp?'s L Yk hotd. zﬁ?ﬁ%ﬁéﬁe%ﬁ ie8% 5%
24. f&‘ééoﬁztﬁ E(ie@ wveamtb&beéeeﬁﬁeéedsaaﬁ Bataggénchanber

45 by a passageway b1 xt ends t-hrough the piston 29. A balance fluid

condui tp&2peeviae| S6& €8 vai—fl sheras68€cvREeSthehvalsie M& g3t os and
conducts bal ance fluid pressure fromthe surface to the bal ance chanber 45.

Thus05 t feraiged use ichathdtcdst polsitianed a3 laast in parvawdbttdncitheer 45
due to the hydrostatic head of fluid above the piston may be bal anced. By
arr angipertion sofethe fdowwayo thiadt ishesurxoundadokedthe spriagardbe fl uid
and to control fluid are equal and opposite, as is shown in Figure 6, these
pressurbs the ddjustragedusormy the pakke | that Byxfarec of sgatr |38 d

pressure to the contral amber 33,is effective o ur e the i ston, 29
dovvnvvar%ﬂ‘?ag?‘@ By | T’h%eb?ﬂbf e rﬁ?s{h@wﬁ geP?FE?'ﬁn 15

d d
o ¢ har o0, €08 EHoNFeY E0RE 14 S e rLy %ﬁ%@é@ieﬁf %ﬁéﬂélaivi%éﬁﬂeﬁamr
s ti@Pffd £55%£3£H8t38§££$ &ngrt 35 and below the piston 29. By

~ this arrangement the vertical dimens:on which is cr;tzcal to

the provision of ; very short tree may be minimized and ample
power provided by direct massive connection between the piston
and valve to force the valve to close position to.cut a

15 wireline or other communicating or supporting structures which
may be extended through the ball valve.

As indicated above, it is preferred to provide for
balancing the force exerted by the hydrostatic head of fluid
in the control line frém the surface down to the control

20 chamber 33. For this purpése the chamber 45 below the piston
29,ac£s both as a spring_chamber and as a balance chamber.
The connecting rod 29a telescopes over the ball support 37 and
a suitable seal such as the O-ring 46 provides a sliding seal
therebetween. This seal in coopération with the piston seal

25 31 provides a fluid chamber 45 for balancing the fluid in
control chamber 33. The piston telescopes about the flapper
housing 39 and a sliding seal such as O-ring 47 seals between
the piston and the flapper housing. This sliding seal 47,
together with the seal 32 between the sub 24 and the piston 29



chamber. This is done to prevent fluid escaping through the tree when there
is-a failure of a dynamic seal. It will be 20 noted that each dynam c seal. - .
between the piston and other structure seals between the bal ance cha
and ot her pressure, such as the cont 3 pressure in chamber 33 or th
pressure within the flowmay. |f one of these seals fails, the press
bei ng seal bﬁbhg@#ntyheems‘w nwathan sdearsubcRém Tommunicatdion | s
partTicularly significant when sealin ainst pressure within the tubing

bel ow t he R¥e¥ided hekyeen E#esheﬁe4§b éh¢stkﬂe bpirngee chambexo 4hdbaRance

hanber. This tends t h al ve nber .42 toward full clqs os|t|on
onathe cHBRRSISPVAY 581 AHich Sbends, RGP osko the BLESOR a9y A balan

Condui 1. SHHES k?%'i&%? 1% St Renb vish] R Pars el T @‘%9%%&%

W t hin ¢§et%§ e ¥Eﬁ IgN ﬁggg SRS Wil |
be containe {? hrggggg%lt\éf Sbé &n%aga % accorgance Vi‘\’ﬁ%th this
i nventi on sﬁ:fécéle&brabé paldicé %ﬁﬁ&b@spr%@d %Qﬁsﬁ ks Of
cutting through structures such as a wreline or a s I ne nay be

suspended @boaLidl t ERakbae. 33S apdcim &né\ewpan@éteﬂ&naaewslau%aw tale feet
down into the well, there may not be tine to wwthdraw this line prior to

maki ng an kydrostayici headneft £1ids abdve ths gptstml mépt behballankcedal ve
42 be capable of cutting such structures on closure. For this purpose the
By arranging the several seals so that the areas exposed to
10 palance £luid and to control fluid are équal and.opposite, as
is showﬁ in Figure 6, these pressures are cancelled out and
only the application of control fluid pressure to the control
chamber 33 is effective to urge tﬁe piston 29 downwardly.
It will be noted that the upper end of the balance fluid
15 conduit 52 includes a check valve 53 which is seated when the
stinger is withdrawn{ as shown in Pigure 6. Thus, pressure
within the balance chamber is tiapped and cannot escape the
chamber. This is done to prevent fluid escaping through the
tree when there is a failure.of a dynamic seal. It will be
20 noted that each dynamic seal between the piston and other
structure seals between the balance chamber 45 and other
pressurs, such as the cohtrol pressure in chamber 33 or the
pressure within the flowway. If one of these seals fails, the
pressure being sealed against escapes into the balance cham-
25 per. This is particularly significant when sealing against
- pressure within the'tubing below the tree. If seal 46 or seal
47 fails thé failure is into the balance chamber. This tends
to urée the valve member 42'towara'full.closed position and
the check valve 53 at the upper end of the balance fluid



i [
t hse_ein

bnd 20 SaRaTe Ba" EHeRRE, Waidbi Il £6A Corophille Aonghi Pl eROnRReY [
recipropgé?gﬁahkﬂugge

closure spring 36 exerts a strong force directly on the piston 15 29 in a
dFention to cut such a line with a reduction in pressure in the control
'uﬁﬁﬁ

33. To assist the spring iQdBLoviding a high closing force, a

X essdje done 54 is pro- vided. Thi§ done 54 has a floating piston 55

BRaRie0a ithdsle dHuefasibredOoNd Wimidicsauier

o/

cylindrical surtace 3$a o?ithe_ball support - 37. The piston 55 bears agai nst
the | owegi eNdngk DB NERé - prBgsthed WIRhiRd thalwed X BypLsdiddi shéhe

pressure done 54 75 urges the piston 55 upwardly to apply an upward force

to the coalessi gy thé hodsilie andtthe 2Préssupracwil: bal contained wierc! osed

position. It is preferable that the done 54 be charged with an inert gas
in cthe gcage poftacfairing S&l. The gas may be any desired gas,

t hr ou@$

but it ispreferably inert and as nitrogen is a ready source of inert gas it
i s preferred. InNeecogéangaswith dhisviinventinnelrisofiesigabiendhabst

O-rings and for this reason the space surroundi ng the piston 55 between the

provi de

05 0-ri e chFeeelen Provededs pthth stheFaRabit kY vafecusding FhRQUEh vi | |
rin
g

a barrier to the migratjon of nitrogep.thrqQugh t eal s. .
The acti%ﬁ=?§t“5?suﬁﬂﬁgs o Wﬁﬁe'*nqsP%nﬁaﬁEPﬁgtRﬁgﬁeﬁﬁﬁééaéyﬂ? ® seals
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sands of feet down into the well, there may not be time to
withdraw this line prior to making an emergency‘disconnect.
Thus, it is preferred that the ball valve 42 be capable of
cutting such structures on closure. For this purpose the
closure spring 36 exerts a strong force directly on the piston
29 in a direction to cut such a line with a reduction in
pressure in the control chamber 33. To assist the spring in
providing a high closing force, a pressure dome 54 is pro-
vided. This dome 54 has a floating piston 55 therein having
spaced annular internal seals, suéh as O-rings 56 and 57, and
spaced external seals, such as O-rings 58 and 59. This piston
is reéiprocal within £he bore 26a in the lower sub 26 and
about the outer cylindrical surface 37a of thé ball suppecrt
37. The piston 55 bears against the lower end of the connect-
ing rod 29a and thus pressure within'the pressure dome 54
urges the piston 55 upwardly to apply an upward force to the
connecting rod and the piston 29 to move the valve 42 to full
closed position.

It is preferable that the dome 54 be charged with an

inert gas through a charging port 61 (Fig. 3B). The gas may



"~ the space between the two sets of seals. Thereafter, the chanber
wkt-h nitrogen to the desired pressure. Thus, the pressure within
54 and the force exerted by the spring 36 are effective in an upax
di rection agai nst. the 15 piston 39. S force is overcone by pressure . -

applied in_the contrql chanber 33 to shift the pistqon downwardly gnd open :
tﬁp val ve. be| anyj PPngQQegﬁsthFtsé§ei§LPFﬁgﬁ§§E&Yp&BﬁJ§ 3ndy ASs BT be

appl ed through_th ressure _done _and _as the,spring 36 is of | ar ge

AP oneter tA8sB TRAGY! FORERR.O T ARPEE) SRRt dBnErRESHEeS o VAL THTH Ak, |
42 and for it _ . 114,00, \' | Leld ne
ext endi ng %ﬁfoucgmi&\ﬁfiﬁ/gﬂ%%gg' 4?*6@%&% %&%_gﬁe}:ﬂiﬁr%@gt gs?%t o
its closed |t | tey | Y ' hae d t Gef .

posi 1 on.  $EI8 Hebor il 4pdid pofrnEingTehl pTBEEn s Bauiadr the
0pPOSes ggoR rAngss Wakrilt KiPEhdByiseen i BRashRaIed il wates fasi @iis
pressure to overconme bal ance pressure and provide the desired force for
cutting a waterowidd Iproviide.a batfiekn tichectitwemigpaeionr @f smiesdgén om
“the pressure done 54, then additional force may be supplied to assist the
spring 36 thromghndhehd+4xing vagaks4?2 Thei actiohl isl aséd undexisicoedhy but
pressuri zing the bal ance 3 chanber 45. This provides a back up

system so tiffatis Heroperthat watenl hagvwepn dheurserlsawilhe prevents| the can

be forced tq full, closediﬁosition and cut . .
migration of nitrogen. In charging the chamber the piston is

10 positioned at the bottom of the sub 26 and water charged into
the space between the two sets of seals. Thereafter, the
chamber is charged with nitrogen to the desired pressure.
Thus, the pressure within the dome 54 and the force exerted by
the spring 36 are effective in an upward direction against the

15 piston 39. This force is overcome by pressure applied in the
control chamber 33 to shift the piston downwardly and open the
valve. It will be seen that several thousand pounds of
pressure may be applied through the pressure dome and as the
spring 36 is of a large diaﬁeter thesé two structures will

20 exertzconsidefable force on the ball 42 and force it to closed
position, even though there may be a wireline extending
through the valve member 42. As the valve member 42 rotates
to its closed pdsition, it will cut the wireline and move to
full closed positicn. | |

25 In the il_'lustrated embodiment the balance pressure
opposes dome pressure. The dome may readily be charged to a
sufficient pressure to overcome balance pressure and provide

the desired force for cutting a line or coil tubing.



a wireline or the |ike which may extend therethrough. For exanple, if dome
54 is charged to 500 psig 10 (351535 kg/n2 ), at |east 1000 psig

KN | i he pressure nmust be exerted on piston 29 to
42. The exact pressurg %gtLo depends upon the area of piston 29
) rol fluidis first injected at 15
the surface, control f|UId pressure increases to 2 between 50 (35153.5) and

100 psig (70307 kofhetnt) cpbflefbressatesis 1$Q£SfL&¥eLhég’g¢L§s§€“ ng 95 is

ressed to_open_fla contro ressure i s constant due to
pugg sur ges bﬁ?ng ﬂrnggéﬂ fddppional 59?%?a@¢¥e¢? sepplbedietdy spring 95.
Wien f1 apper Sésn.s:fuhéyspﬁeﬂ@ducmtxﬁ@h@ée@l@é”@alii $§fv§u1£ia€@ bui | ds up

dly to 10 this hj essure pi ston 29
&?P: s¥ar? togggtgﬁégbéiggi %ﬁgﬁéﬁ ?% %ﬁﬁ?sﬁilgEn%p Ralasserol 25
pressére fIuccbambsraésthlEhhsghewviéesla buMknupaéyséémlsofuhéu open,
control pressghe 6§e£9€o§ué£ﬁc§1&9§§eﬁéeéséﬁpéglQhé? e gaiinun1lln1ts of

the hydraulic punp and accumul at or | S sequence of cont pressure
bui | d- up md.%g%%s BRBpRe farcedspe full optesed . positiomeand ehoul d be

| eaki ng, thisacharelireisti Eh@rEﬁﬁéllrﬂaﬁ&%|xﬁiaj€lp?1f]§eﬂ@t?}Pé€§&N Elhgsure
operator has an ingication eakage, a e surface )
OP ball 42 and flapP Ere%impg %%ﬁtggll?I?H?F?ﬁ%£%%r%p%rﬁﬁﬁ% decr ease

in thel (351535 kg/m ), at least 1000 psig (703070 kg/m2
of control line pressure must be exerted on piston
29 to open ball 42. The exact pressure ratio
depends upon the area of piéton 29 as compared to
piston 55. When control fluid is first injected at
15 ° the surface, control fluid'pressure increases to
between 50 (35153.5) and 100 psig (70307 kg/m2
and fluctuates at this level while spring 95 is
compressed to open flapper 61. The control pressure
is not constant due to pump surges but is limited to
20 a2 relatively low value by spring 95. When flapper
61 is fully opened, control pressure at the surface
builds up rapidly to 1000+ psig (703070 kg/m2 ). At
this higher pressure, piston 29 will start to rotate
ball 42 open. While ball 42 is opening, control
25 pressure fluctuates at this higher level. When ball
42 is fully open, control pressure at the surface
increases rapidly to the maximum limits. of the
hydraulic pump and accumulator. This sequence of
control pressure build-up indicates proper valve
30 opening. If dome 54 should be leaking, this
characteristic pressure build-up is not present and
the operator has an indication of dome leakage at
the surface. ,
During closure of ball 42 and flapper 61,
35 control fluid pressure should decrease in the
opposite sequence at the well surface. Thus, this
invention allows the operator to observe



opposite sequence at the well surface. Thus, this invention allows the
operator to observe -17- control pressure while opening and cl pe
subsurface tree'to check for satisfactory perfornmance of the varifoug o6
nents within the subsurface test tre€l?A secondary or back up valN&Zwans,
is provided by a 05 flapper val ve nenber 61. The val ve nenber 61 is carried
by.the flagortrebpreasure vhile opening 3nd ¢lReing the Subsurficetree

caryi ed by a downwardly extendin ortion of the:seat. which. is not shown.
This' downk dEBeCk: CA APLIGEACEPTY BSRPaRBAnCR SF RS FRELOBA! SPRERY { he
position sho and events it 10.from noyvi downwardly within the fl apper
housi ng 399e$?§57+ 3 ai%biﬁf$ﬁﬁFt %gﬁ'ﬁg%i‘and bears agai nst the seat

and the fl apper ur fl.ap 1.t0 t sed

p0si tion 111 ustPapagondaiy ¢k b LB G, 1hCHESLAIS BY°E,
i's, thedStg L Sva PHRVREmbE e 612 T ITRRP & \ﬁhﬁih | t aEBtli eal nmove
to closed p:gs |%nvaﬁgaprow %ig giback up fag'\r‘fﬂt he ba #mé/jél Sge 'teherebel (It)% to
provide a grebEPaypéy¥CséRP! £1 NANd i5cjoEinalI&ESE6E r&LALiGH CEbOSE "@Vbin
particularly made to Figure 5 in which the stinger or upper portion of the
subsur f aceg2regrtfed | bysa ddwiwaidly ditendingcoportidondst €ie Uppet Winikyh 64
whi ch is sus- pended through the threaded connector 65 fromthe tubing

ext endi ng i® hot shotmce. ThAs alownuwaomilysGexbambitsy dportionl 9f athe séatt

- fromthe upper end of the upper body 64. A latch
positions the seat 41 in the position shown and prevents it

10 £rom moving downwardly within the flapper housing 3%9. A
spring 63 wraps'around the pin 62 and bkears against the seat
and the flapﬁer member to urge the flapper member 61 toward.
the closed position illustrated. Thus, when the bore through
the seat is clear, that is; the stinger is removed, the

15 flapper valve 61 will automatically move to closed position

and provide a baqk up for the ball valve therebelow to provide

a douvble valve containing the well pressure.

Reference is now particularly made to'Fiqure 5 in which .
the stinger or upper portion of the subsurface tree is illus-
20 trated. The stinger includes an upper body 64 which is sus-
pended through the threaded connector 65 from the ¢tubing
exﬁending to'the surface. A latch body 66 éxtends downwardly
as a skirt from the upper end of the'uppet boﬁy 64. A latch
ring 67 depends from the latch body 66 and is secured thereto
25 by shear pins &8.

Vertically reciprocal between the upper body 64 and the
latch body 66 is the latch pi;ton 3. A suitable seal such as
the O-ring 71 seals between tha upper bodj 64 and the latch

piston 69. A sleeve 72 extends downwardly from the upper body



ring 67 depends fromthe latch body 66 and is secured thereto 25 by shear
68. Vertically reciprocal between the upper body 64 and the | atch body
the latch piston 69. A suitalhhg.seal such as the Oring 71 seals 4
b en the upper body 64 and the latch piston 69. A sleeve 72 extends

downvar gy 4P hddCa U@Pféhé@ﬂar%& EXEe APS]L S Panébér Y thah Iehet d:@al
dianmeter than the diam eter of the upper body which includes the seal 71,

The pi stgePDf stheé! oy aihidle fMePyded e dsdab U7l abl Pheepiseogh as
Oring 73 is provided therebetween. This construction 05 results in a |atch

fluid cheorhis ¥eledcopedhsverreissusleeve f 32 candt he guitiabl e’ Beglasacl

agai nst the force exerted by spring 75. Below the | ower end of the piston
69 is a &Briowying W3 chsi provided rthizphetwedm. i t Thisscoastamictdom tion.
In this 10 condition the ring will cooperate with the latch groove 28 in

t he 10& creswies nin(gi dateh fduif ghamkexrTHgwhich mhen, presserized (see
Fig. 3A), The C-ringﬁjs massive as I.f mnust ;transmt very substantial forces

and it 1 5O%Ras otbhe RPiston: R YRVRFELX 2gBiRst ihes fomce.exartead®Yeb to

permt it tf 1 xpand and contract. Pressure fluid is supplied to the
chanber SBFM¥ o the latch conduit 77 to raise the piston to the position

o o S 0 PSR 448 52400 dlddh B LECK ScLlS 78 PREGLS
77 is nojg “Qﬂé‘&npiﬁsﬂ[ﬁrkh% SiH | {6 Gn¥ttésf@idcondition. In this
10 condition the ring will cooperate with the latch groove 28 in
the latch housing {Fig. 6) to latch the étinger to the valve
housing (see Fig. 3A). The C-ring is massive as it must
transmit very substantial forces and it is relieved at circum-
ferential points as shown at 76a and 76b to permit it to
15 expand and contract.
Pressure fluid is supplied to the chamber 74 through the
latch conduit 77 to raise the pistbn to the position shown in
Figure 5 and permit the C-ring 76 to contract as the stingex
is lifted out of engagement with the valve housing. When tﬁe
20 latch conduit 77 is not under pressure the spring 75 will hold
the piop-out 6%a p:ovided by the lower end of piston 69 in
lowered_position to.prop the ring 76 in its radially outermost
position and lock the stinger to the housing.
If for some reason the latch cannot be released hydrau-
25 lically a mechanical release is provided. The exterior of the
piston 62 at an intermediate section has threads 69b which are
threaded onto a nut 78. As shown in dashed lines, this naut is

splined to the spline 81 within the latch ring 67.



the prop-out 69a provided by the |l ower end of piston 69 in | owered posidion

ta-prop the ring 76 in its radially outernpst position and | ock the er "1
to the housing. If for sonme reason the | atch cannot be rel eased hy 25\ . -
lically a mechanical release is provird®td. The exterior of the pisto at -

an internedi ate section has threads 69b which are threaded onto a nut 78.
Ascshown in dadhks |pwes78t ABs neFmaldysin (e (RPsiuian shaws in Rigyre he

lé?th ring 67. - This nut 78 is normally_in the positiqn shown in_Figure
37 and| novih Sd VRETER [REIRAR KR Ve e o SR LAk, RPAY 98 r 404 Bok

L8 i Yot g o G e 4 o i 68 7
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and the |-a§ydrapody 66 will be rotated relative to the latch ring 67. A
spline 66a is provided on the inner |ower surface of the latch body 66

whi ch engages Wid Towddtlend dhecHatXdtdh iy @7 id providddivieh rotRig on
between the 15 latch body 66 and the latch ring 67 results in relative
rot ati onal 6 Tewhieh dsjagss amcupatahdpngt dagb23andn ehevbppér endeof

engagenent of the threads on the nut and piston wll
the latch sleeve 23 on the valve body. By applying rotation
10 to the upper body 24 the shear pins 68 will be sheared and the
upper body and the latch body 66 will be rotated relative to
the latch ring 67. A spline 66a is provided on the inner
lower surface of the iatch body 66 which ehgages with a slot
in thé latch piston 69. Thus, relative rotation between the
15 jatch body 66 and the latch ring 67 results in relative
rotational movement between the latch piston 69 and -the nut
78. The engagement of the threads on the nut and piston will
drive the piston upwardly against the force of spring 75 to
withdraw the prop-cut 69a from behind the C-ring 76. This
20 permits the c-ring'to.be-collapsed and the stinger to be
withdrawn from the valve housing.
Within the stinger there is provided a valve operator for
'opehing and closing the flapper valve 61 in the valve body.
This operator includes the piston 85 having a pressure chamber
25 g6 thereabove for receiving pressure fluid to force the piston
downwardly against the force exerted'by the return spring 87.

Operating fluid pressure is provided to the chamber 86 from
the control conduit 88 in the stinger (see Fig. 3a).



drive the piston upwardly against the force of spring 75 to withdraw the
p-out 69a from behind the Gring 76. This 20 permts the Gring to be
acjj“\ and the stinger to be vvit_gg_rawn fromthe val ve housing. Wthin
‘-- (stinger there is provided a val operator for opening and closing the
apper val vem@.

: I . incl :
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87. QOperatin pressure i s provided to the c om t he control
condui t &8 dyn idfeS19NAF £i8E Spdthg Husing - . TAC1owek 08tiaghEO S d
with a suitable seal such as the Oring 89 which seals between the piston
and the 93t s nahrribd By e WPYinyl IWdusdiveg S92 i errideda sgrimyer
stinger sub 93 is carried by the spring housing 92 and provides a spring 05
stop & $ebp At 84 ablx spitahlés7springd87bektendst hatpiesnortiib phsitdme
spring stop 94 to urge the piston upwardly. A seal such as the Oring 96 is
pr ovi deHaand cthe RpEing @itop Péta mxge cthes piston mpyasdly. 854 asell he
bore within the | ower stinger sub 93. 10 The pressure chanber 98

provi decBush 3% they G-Tnas sis erevidedketvesn khe piinger 97 which

bal ance fluid, conduit 101. Bal ance_pressur.e ié exerted wthin i he chanber
98. As t 39 n rg@aldifozi’:’tﬁ%e 5¢ qpd, Fhe BRFe,diqhin, t+RWF st on and

t he uppesrtiaﬁ)ngGSAfuﬁa .t.he seal 96 on the stinger

10 The pressure chamber 98 provided by the seals 96 and 89
communicates through port 99 with the kalance fluid conduit
10l. Balance pressure is exerted within the chamber 98. As
the O-ring seal 102 between the upper extension above the
piston and the upper body 64 and the seal 96 on the stinger

15 have approximately the same diameter the effective area above
the pispon 85 is substantially the same as the effective area
below the piston. Balance fluid exerted upwardly against the
piston 85 will balance the effect of the hydrostatic head of
£luid exerted on the upper'surface of the piston 85. The

20 piston 85 will reciprocate in response to the force exerted by
the séring 95 and the cont;ol pressure applied to the chamber
86.

A second O-ring 103 seals between the extension above the
piston 85 and the upper body €64. Between the seals 102 and

25 103 a branch conduit 104 communicates the area between these
seals with the balance fluid conduit 10l. A failure of any of
the dyﬁamic seals 96, 89, 102 or 103 results in bypassing
fiuid to the balance line. Thus, either the control £fluid or

the fluid flowing through the tree will, upon failure of a



15 have approxi mately the same dianeter the effective area above the piston

8% _1s substantially the sane as the effective area below the pisto _-gj
Bal ance fluid exerted upwardly against the piston 85 will bal ance
t he

effect of the hydrostatic head of flufék-=exerted on the upper surfa

piston 85. The 20 piston 85 will reciprocate-in response to the force -
exerted by dymamisr seprlos kedexertedninother dadancegdoineand rasudbadier
86.™A second C>r|ng 103 seal s between the extension above the piston 85 and
t he upper KE@Fieg t“\h@eﬁ’atlﬁ'ésseal s 102 and 25 103 a branch conduit 104
conmuni cat es the ar betmeendvﬂese seals with t bal%nce fluid,conduit

101. A failure he §5H|’%°§69r8§g deg, fgr pemmuniqation,
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seal , besexgy g Qsﬁ%is baLangeot| a1 S5 £ts8! Gkia Ol trghw;ﬂves

The Iovver en I nger provi s f'or comruni ca ween e control

and bal anC%éc}dg COMERI § ot merheuféns,ogxénﬂaﬁaﬁes'eieﬂacgﬁﬁagg agg

bal ance fl ui duits in the stinger own in Flgure 5, ance

fluid condyidrmi®htiedy HedeS 1dwer end Wenduth baieathrihe £o5. N0 TR0T.iKen

| i ke manner, the control fluid conduit is shown in Figure 3A to have its
exit beneamhrid&r Cthe@gcdfiGrolO £fluid Tonduitcadls asisewd| insrigueddisa tdee

outlets of the con-
have its exit beneath the C-ring 106.

10 Three seal assemblies straddle the outlets of the con-
duits 88 and 101 and cooperate with the latch sub 24 in the
upper end of the valve body to provide for communication
between the stinger control conduit 88 and the valve body
control conduit 34. In like manner, ¢ommunication is provided

15 petween the balance conduit 101 in the stinger and the balance
conduit 52 in the valve body.

These seals are providgd by resilient members 107 having
molded thereto supporting metallic rings 108 and 109.
The'c-rings 105 and 106 reside within grooves 1lll for the

20 upper C-ring 106 and 112 for the lower C-ring 105. By provid-
ing the C-rings within the grooves the force exerted on one
packing is transmitted directly to the spring hcusing instead
of being permitted to stack from one ring to the next ring.
This objective has been accomplished before with much more

25 complex structure and the use of C-rings to prevent the force
applied to one packer from being exerted on the next permitted
the stinger to be reduced in length several inches. |

Provision is made for injecting fiuid into +the well

through the test tree. An- inj'ection flowway 111 extends



duits 88 and 101 and cooperate with the latch sub 24 in the upper end of
val ve body to provide for comuni cati on between the stinger control ™

ui't 88 and the valve body control conduit 34. In |ike nmanner,
nication is provided 15 bet wSé#~ t he balance conduit 101 in the stlnger
ang/ t he bal ance conduit 52 in the valve ._Jhese seal s ar rovi ded
I’GZI | i edewnwardy m"m the S iRIeT RN t %??? ndt n:b?%l f‘?@eﬂ 10§/
and 109, The C r|n 10 nd ,106 Sld t hi,n oyes 1 1 for 0 upper
Cring %G%nﬂ’qEZ illr 3 d\ﬁ@F |9| ngA\flO %’ %ngs

f“ﬁtt“'hQ %%?9 H=hEa FhS\edfﬁé’{C T %féfm tﬁ%’%fsfa%éé???nﬁ%%% fing to
e nex
25 corrpﬁ'%éig%%%%re an %fihyeéu{s?#%?erl ngs to pr event ﬁﬁ ?ﬂér ce aggrllime)&eto

one gmCc ef'e IR baﬂacasﬁt i relghh eHE dn fkieidd efiddwvagyt LIYGT thage

reduce ength several inches.” Provision is nmade for 1njecting fluid

into ther odghihBe tiREs téfewell ifltids oinf thewaveld o&tands
-22- domnmardl hrough the stinger and terminates at its lower end in an

exit pafiptiure mema condiit éxtémding| £romothe osarface sdowan oo theui ds

within the well, a pair of check valves indicated generally at 112 prevent

wel | fleasits trees flowing in 05 a reverse direction through the injection

flowvay 111, thus protecting against loss of well fluids in the event of a
In Figures 3A and 4A the control line 88 and the injec-

10 ¢jon line 111 are shown at their upper ends to have shut off
valves 113 and 114 instead of the lines which extend to the
surface as shown in Figure 5 at 115 and llG,_communicating the
latch conduit 77 and the balance conduit 107 with the surface.
These are shown in Figures 3A and 4A to illustfate closihg of

15 these lines dﬁring the non-use qf.the tree. These closures
113 and 114 would also substitute for the conduits 115 and ils
shown in Figure 5 while the tree is stored between uses. When
the tree is in use conduits such as 115 and 116 would replace
the closures 113 and 114 of Figures 3A and 4A to connect the

20 flowways 111 and 88 with control equipment above.

in péeration the test tree is made up as a part of the
production string utilized to test a well. The production
string is run through the blowout preventer in the usual
manner and landed on the supporting shoulder 22 in the weli-

25 head. The operator may space the various blowout preventers
of the blowout preventer stack as desired and the peclish
string 19 below the test trge may be selected to position the

test tree at the desired level within the blowout preventer

stack. The test tree is very short in vertical dimension and



rupture in the conduit extending fromthe surface down to the tESt”’%s In.
Figures 3A and 4A the control line 88 and the injec- 10 tion Ilrma/gﬂb.re ,?
shown at theéir upper ends to have shut off valves 113 and 114 |nstrﬁh LAt Py
‘the lines which extend to the surface 43 shown in Figure 5 at 115 and 116,
comuni cating the latch conduit 77 and the bal ance conduit 107 with the
surface. Thosenyr standaxd blrwgutc Prexenter,nay; he |landed csuebsthgtonmtis
these |ines during the non-use of the tree. These closures 113 and 114

‘woul d al soleass: ithe aralyte theusdngiul{ sWild bRy belev it YRPEX Jlanking |

the t t d RQet . W he t t
115 and 118%Roka r OB HO8% HBeERpERRosha: snxtre: Ereg: haY,BAcLdaaad hela

comnect LGy 20r RBNIAL i 113 alkb 0T Bhchl O 200ve. 11
ili he b
o1 1112055t 0 (et LunfScPERING gRrShe ekt L Ghchl g0t

the well- 33sheath 706 RRINAlHitdiRY BPERC thec tidd Ok QhQWQHS:fEE:EV%HerS Of
t he bl owout preventer stack as desired and the polish string 19 bel ow t he

test tree gopneets Pt o t€hdObalande | heontxbl!,r Gatith ; heandeinjedtionel
wi thin the bl owout preventer stack. The test tree is very short in vertical
di mensi on passagewadys ito the suxfdesed bl owout preventer may be | anded such
that at |east the valve housing 17 wll be bel ow the upper bl anking

. After the string is landed the blowout preventers 1l and

10 12 may be closed about the slick joint 19 and such testing of
the system as desired may be carried out. '

When it is desired to produce the well, thg control
conduit 113 will be pressurized to a pressure sufficient to
overcome the force exerted by the upper control spring 87, the

15 lower control spring 36 and the charge within the chamber 54
8o that both operating pistons will be driven to their lower
position shown in Figures 3A and 3B to open the flapper valve
61 and the_ball-valve 42, permitting production through the
test tree. In normal operation the test tree will remain open

20 until production testing is completed and then will be removed
from the blowout preventér in the conventicnal manner as the
test string is retrieved.

In the event of abnormal conditibns, such as a sudden
severe storm, the operaﬁor may ielease'the test string and

25 shut-in the well. Under severe emefgency_conditions where the
upperx raﬁ 14 is a shear ram, this ram may be closed parting
the upper string 15 and the control lines to shut-in the
blowout-preyehter stack above the test tree. - Sevefing of the

several control lines will result in egualization of pressures



ram 14 In nost instances the entire tree may be | anded bel ow the bl anking

f as illustrated in Figure 1. 05 During running of the string, ~’
ol l'ines such as lines 115 an _116 will extend fromthe tree to the
S ce and connect each of the ba ﬁnce, control, latch, and injection

to the. f . AfLt t h trl ' | anded t
D cveniaeEo88 he PReratiay RITHORLPLINE Phe AR | Ui ProvaHbesch _
testi f th t . ' | BEY Lred t
pr oduccabeee Ene” SERERE BERae &6 (R peft£0%, FAE BHELnd 085, wipd PaBgel 20 10
ffici h oars Mowd! lapaPrd 87,
tsﬁe Hglﬁéeﬁgg%g%ﬂg?ngﬁ%l ﬁ’b’%&cgnﬁ ftac{ll'tedagharge \?\}#Eiﬁﬁg?ﬁgngﬁgmerrﬁgﬂwso t hat

both op h89 6 SEdNe Il i t if {8 pesi! meveSd i N
Fi gur ességigﬁdsgBSéto op%%léé[%ge%ﬁgp\r%? v%évégéfﬁ anﬁetéhe ball val ve 42,

per np4 t pgppepdvalvantdhEQuUUhclbgedepbsition. | nawryind sumes atime the test
tree will remain open 20 until production testing is conpleted and then

Wi |l bepigtonedsf iamuHee vl Body audikt anoven tde torfinkl iupnposhtian as
the test string is retrieved. In the event of abnormal conditions, such as
a suddeshewneirn Figure 4B cinsingrvalyersesher #Re toosthet PPRALARR. 25
shut-in the well. Under severe energency, conditigns where the upggr ram 14

i s a shshewnadn tPigurentBey BSsistdag pint the lesingkractiony and the
control lines to shut-in the bl Quwout preyenter stack_aboye the tesy tree.
Sever i ngOBES@nelsc BRI PTESANES) eé'gﬁli ¥Fsr3§ﬁf‘f’ni Ese %szﬁ%ﬁa ©
Prespg’ gis: t‘his time exerting an upward force against the connecting
rod 29a. Thus, the test tree will fail safe and will shut-in
éhe tubing below the tree. After the emergency is over,
conventional retrieval operations may be carried out to bring
the tree to the surface to connect it to a new upper produc-
i5 tion tubing and new control lines and the test operation
continued.
if circumstances will permit, the stinger is disengaged
and removed. Even in sudden storm conditions there will
normally be an opportunity to remove the stinger and this
20 operation may be guickly carried out to shut-in the well and
retriéve the stinger and upper tubing until such time as the
emergency conditions have abated.
In releasing the stinger from the valve body the pressure
within the control line 88 is removed permitting the pressure
25 across the upper pistcn 85 and the lower piston 29 to bleed
down toward or to the same hydrostatic pressure which is
exerted in the balance chambers 98 and 45 below the two

pistens. As the pressure bleeds down, the two springs 87 and

36 are urging the two pistons upwardly. Also, at the same



-24- across the operating pistons 85 and 29. Wen the pressure t he
upper piston 85 equalizes the spring 95 will- drive the piston t uppen
position shown in Figure 4A and the spring 63 associated with the flapper
valve will nove the 05 flapper val ve 428=full closed position. At the same
tinme the piston 29 in the valve body will nove to its full up position
shown in Fegmes 4hHecicharge \chamberenfioating opistopoS5t ilen being - ingédgur e
4B‘“ASS|st|ng in the closing action, of course, is the pressure done and

i ts pistonupsardiyh byr cthe Spregsuret withinmdome r 54 ngo anovpwPiston &9

agai nst the connecting rod 29a. Thus, the test tree will fail safe and wll
shut-i n t hepwasaiy.be forcer @xextiad by hshempraasure demer and the

conventional retrieyval qperation y e carried 25} to br| the tree
the surfackOVWe8EcIRRIRE 36 aFe, Wﬁﬁé
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condi tions | easing t stlnger Tomt val ve body the

pressure Wehi il LONprebehtNIndate ta®Veseds’ Bhbt bl@s&hg REepELE 25
across the upper piston 85 and the | ower piston 29 to bleed down toward or

to the sampalydr @2t adild r:seawrﬁza\/nwthelsnexast eﬂel balle el vecelobasbers
98 and 45 bel ow the two
10 The operator can be reeling in the wireline at the same time
that the control pressure is removed and the moment that it is
severed the free end of the wireline will be pulled above the
flapper valve 6l1l. Thereafter, the flapper valve 61 will close
as the piston 85 moves to its fuil upper position permitting
15 the flapper valve to be.clésed By the spring 63. In the event
.the wireline has not cleared flapper 63 the pressure differen-
tial across the flapper should not be substantial and the
operator should be able to pull the wireline through the
partially closed flapper and seat to clear the flapper and
20 permit it to move to full closed position. |
‘ The latch may be released by pressurizing the latch
conduit 77 while the control conduit is being bled@ down or
after the control conduit has been bled down. In either event
. pressure will drive the latch piston 69'npwardly to pull the
25 prop-out 69a from behind the C-ring 76. After this has been
accomplished the stinger ﬁay be lifted vertically from the
housing, as illustrated in Figure 2, to permit'the blind rams
114 to be closed abéve'the valve housing 17, thus shutting in

the well. The stinger and the upper production tubing 15 may



pistons’ 'As. the pressure bl eeds down, the two springs 87 and 36 are urging
t wo pistons upwardly. Also, at the sanme -25- time, the charge ~
c er floating piston 55 i's beingy qgged upwardly by the pressure within
d 54 to nove piston 29 upmardly he force exerted by the pressure done

and theg W e"a)r%cg i sq{%efﬁo atléga}ﬂhégrgfg q{ew%ggﬁ ﬁ‘]@%r 1&gk 05 by

t he upper spring wer piston wll be nove upper
poSi ti o gdréne %&l&h%ﬂwt%%amnﬁoﬁﬁiﬁé 0g & QSddtrdL Ctrer wag1t he
flapper valve 61. If a wireline or the Ke is present in the test tree,

t he cl owmé)ftﬂmlgtmsge i diiddngurjed. the wreline as the ball valve
cl oses. 10 The operator can be reeling in the wireline at the sane tine

t hat the contMeghamwicsllidisengagement dizl grovided fior Hat the iesvexsty cttual t he
free end of the wireline will be pulled above the flapper valve 61.

Ther 8&f afinger dannQkerbeared eased by chydrauticheoperatdonsaspvEorio its
full upper position permtting 15 the fl apper valve to be closed by the
spring G@stanceye whargs F%% ﬁPFEFP%elh&§ %@P this

pressure dlfferen- tial ross t ‘4ﬁ§Per ahould not be sub tantlal and
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control
10 be held agaznst rotation whlle the latch piston 69 will be

rotated. Downward movement of the nut 78 is prevented by the
spiral lock 82 and thus the threaded piston 69 will be forced
to rise against the force of spring'75 to move the latch
prop-ocut 69a from behind the C-ring 76 to its disengaged
15 position. Thereafter, the stinger may be lifted free of the
valve body and the blind rams 14 closed above the valve body.
When it is desired to iecommence operations the stinger
is run with'ihe latch control conduit 77 pressurized to hold
the piston 69 in its npber position where the prop-out 69a
20 will not interfere with operation of the C-ring 76. The
stingér is stabbed into the top of the valve body to engage in
the latch groove 28. Thereafter, the pressure within the
Iatch conduit 77 is removed and the spring 75 édrives the latch
piston 69 down to position the prop-ocut 69a behind the C-ring
25 76 and latch the stinger to the valve body. Thereafter, the
control conduit may be pressurized to open the two valves and
recommence testing operation.
While the stinger is disengaged the valve body and its

associated valves and assembly will be in the position shown



pressure will drive the [atch piston 69 upmardly to pull the 25 py
6Qa. from behind the Cring 76. After this has been acconpli shed
stinger may be lifted vertically fronb he housing, as illustrated
2, to permt the blind rams 114 to bé“Tosed above the val ve housi ng
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I nst ance, ere e control [ine thi's event the upper

tubing 15 aBfahie S34 N4S’ Xdds M ehah ©ehleo ﬁwsuﬁ N§i€8in Défle!l bdlihce
engagenent of the dog 67a with the correspondi ng dog 23a on the val ve body,

the at08 ebAguit! 52]0 the 'Xameni peéssatat wddlwikid cutdingathle [licten 69
wll be rotated. Downward novenent of the nut 78 is prevented by the spiral
| ock 82 angiishon (2% tdwardiedlpsedopo@ditiion. beAtf othéd ttime sxlswmakthet the
force of spring 75 to nmove the latch prop-out 69a from behind the Gring 76
to its di sprgsguel8opesbfi will becexsrting pressursgshroughbdls fRistan ce
of the valve body and the blind rans 14 cl osed above the val ve hody. Wen
it is desi P&d b PR¥SnFBAC PIFFOM2 D50 H’(Ppétzi ¥Rkve sclosedi PASLkEORat ch

control copuit T Precsurl 357 40 (9l NG S80S0 4h" cke® JHBRSTa PSS On
10 tion. 1In the event the pressure above the valve body is
greater than the pressure in the balance chamber, the ball 53
will unseat and peimit this pressure to pe exerted within the
balance chamber, thus balancing the pressure within the
control chamber. It results that under any pressure condi-
15 tions the force of the spring 36 and the pressure within dome
54‘wi11 be urging the ball valve to full closed position.
Also, the spring 63 will be urging the flapper 61 to full
closed position.
In the event of a failure of any of the dynamic seals
20 this failure will be into the balance system and well pressure
will Se exerted upwardly on the piston 29 to hold it in full
up ball closed position. .
When the stinger is engaged and a failure occurs in the
dynamic seals of either the valve assembly or the stinger
25 assembly, well pressure again will be directed into the
balance system and will be exerted in a direction to force the
two operative pistons to their upper valve closiﬁg positicn,

shutting in the well until remedial action can be taken.



20 Wil] not interfere with operation of the CGring 76. The stinger is
bbed into the top of the valve body to engage in the |atch groove 28. ~
eafter, the pressure within the latch conduit 77 is renoved and the :
ng 75 drives the latch piston 69 down to position the prop-out 69a

behind the Gring 25 76 and latch the stinger to the valve body.

Thereafter; the control conduit nay be pressurized to open the two val ve

and recommence testing operation. Wl e the stinger is disengaged the valve

body and its associ ated val ves and assenbly will be in the position shown

-27- in Figure 6. In }Hi Som@NfhdiaMddei €00 rads Lrudlid Adbw Thexpeaad as is

t he bal ance conduit 5 except for the action of the check valve 53. Thus,

i f the pressure whiBught BRe COMSE Obr §ONEBY ta Wuf Sid Perft thaytthe Hredarur
wi thin the bal ance 05 conduit 52, the bal ance pressure will be urging the

| ower piston 29 t@atr dtCisseesiprstlé oto provide forepasisnveegmtasdure done
56 will be exerting pressure through its piston 55 to nove the piston 29 to
upper val ve cl oséy posibsunfacge ssafetir walveigvisich sisireantyaldedifaom in
the same direc- 10 tion. In the event the pressure above the.valve body is
greater than the tbeesygfacente rguand Againshthe wekk hping pergpitted seat
and permt this pressure to be exerted wthi n?]%he baléanc,e cqanber, t hus

bal anci ng the pr&@sEL8WWAERER thR QTFNTLENCHADAR YR9eRRARE AYA" under

any pressure cond 18 LLoBgcLhe 10768 Slmhf SPRLIGERS LI LESUr e

w t hin done
surface control subsurface safety valve in the

production of offshore wells. In accordance with this
10 invention such control is provided for without
interfering with or losing any of the standard
functions of the test tree and without adding any
additional fluid conduits from the surface down to the
tree and through the tree to the subsurface safety
15 valve.

Referring first to Figure 9, there is shown
schematically a test tree having a lower section 121
and an upper section 122 landed in the blowout
preventer 123. The upper and lower sections would be

20 latched together by means which are not shown.

The lower section of the tree includes a valve
124 rotated between open and closed position by a
valve operator 125 which carries a piston 126. The
piston is urged upwardly by the spring 127 and

25 downwardly by fluid pressure within the control



54 will be urging the baII valver to full closed position. Also, the spring -~
63_ W ll be urging the fldpper 61 to full closed position. In the ev of a -
failure of any of the dynamic seals 20 this failure will be into tqggga

bal ance system and well pressure will be exerted upwardly on the pi 29

to hold it in full up ball closed position. Wen the stinger is engaged and
a failure occurs in the dynamc seals of €ither the valve assenbly or the
stimger 25 assenbly, well pressure again will be directed into the bal ance
systemand will be exerted in a directéén to force the two operative

pi stons to their upper valve closing”p88®tTon, shutting in the well until

renedi al action can ﬁg?%@gefz? trp d 'fb Ség.{ﬁa IR Shanhe S ge?m%qﬁteg .

flow the well throug e tes ficient l'eng

is desirable to proy *&ﬁ £Ré é’@éféé rgﬁarggrp'c&ee‘ﬁéquxﬁ% 33 gty e1@liye

which is controlled Tromb5 ace to guard agal nst the well
being permtted to ébmaiéﬁiéxhewmcum@%dﬁuamm%sImﬁbll%w@\telbbdgt the
surface. It is common practice to utilize a surface control subsurface
safety valve in thelploduction of offshore wells. In accordance with this
10 i nvention such control is provided for without interfering with or

| osi ig any 8f the standafua @sectheconfraheflinist pressuned wiithiouttheddi ng

any
conduit 131 may be



|eefto t he subsurface safety 15 val ve. Referri'ng first to Figure 9, <
pere i.s shown schematically a test tree having a | ower section 121 and an -
upper section 122 Ianded in the bI"@&ut preventer 123. The upper and -l ower

sections woul d_be | at ched .t oget her by _neans which are not shown.
The Iomﬂ?1§e%?¢oﬁ°oppﬁﬁétﬁré@q AFS F9EL 8P4 VALY cBSHERAMRN LBpen and

cl osed sitio erator 125 i ch carr es_a piston 126. The -~
- e ox, 18 awep%r ace " gBARtAr oF |
B?iggﬂrig “Fafn thgé éa 389 é& c1 nher g Uld £ tLe cgﬁ?rL:UId
chanber¥ }@1 |9F%f#§%§n?%@“s&FF get ﬁﬁﬁ?ﬁﬁwnﬁ?f 12§'wﬁ1@ﬁ|¥9|n fluid
COmUN 62kh08s M h"WHIBHC U Hhkiaddd e IRC JPVEELPRIGIZhe Rui11 b n
r ol | Ui hi n e -59-

use the con pressure w

utilggedatOrPPedais f?ﬁufggsygﬂagﬁasgéggy valve, as shomn |n Figure 9.

Pref erably, however, e subsurface safety val ve
The tree has depending therefrom a slick joint 132 which

dltlonal fluid conduits fromthe surface dewn t-o the tree and through the

is pierced to provide a flowway 133. The purpose of the slick
joint is to provide a surface against which the blowout
preventers, illustrated schematically, 134 and 135 may be

10 effective to seal the annulus between the wellhead and the
tree.

At the lower end of the slick joint is a fluted hanger
135 which rests on the shoulder 137 in the wellhead to support
the test tree.

15 Depending from the fluted hanger 136 is the well tubing
138 which has therein a subsurface safety valve, indicated
generally at 139, which may take any desired form. In the
illustrated valve the valve member 141 is rotated between open
and closed positions by the actuator tube 142 which is recip-

20 rocated in response to movement of piston 143. The piston 143
is re;iprocated upwardly by spring 144 and downwardly by
pressure within the chamber 1l45. 1In accordance with this
invention the conduit 146 which supplies pressure fluid to the
subsurface safety valve chamber 145 receives its fluid from

25 the conduit 131 in the test tree which provides control £fluid
for the test tree valve 124.

With this system the other conduits which are.commonly

found in a test tree may carrxry out their conventional



will be operated from bal ance pressure fluid in those in- stances in Lch
a_bal ance fluiid is utilized, as will be 05 described in Figures | OA
;bB.'The tree has depending therefroma slick joint 132 which is pie to
provide a flowvay 133. The purpose of the slick Joint is to provide a
surface agai nst which the bl owout preventers, illustrated schematically,
134 and 135 may be 10 effective to seal the annulus between the well head
antd—~t he tree. At the lower end of the slick joint is a fluted hanger 136
whi ch rests on the shoul der 137 in Lhegwel | head to support the test tree.
15 Depending fromthe fluted hanger 136 is the well tubing 138 which
has therei.n a substutetiomafsich \asl \the icheémiziadd iggeetdbhy£fhowd39, mafi ch
may take any desired form In theillustrated valve the valve nenber 141

i s rotated bet weenbopesedriprchesdcadsiinjecsilon.t he actuat or tube 142 which

Is recip- 20 rocated in_response to novenent of pisign 143. The piston 143
i s reci procated upwar dl p RPeERtion the pressyrswyishinpbher esnduityiefin

t he chanber 145. |In acgprdance with this invention the ¢conquit 146 which _
suppl i es pressure $¥%eRAIRS &?e%?ﬁ’r’ ACE ?é'\fig‘t %evﬁPGBtEF\ﬁﬁge?tQS recei ves

L Brom 25 LoenfOng el ', WS ARRTh, SERE AR 4B B ERRE

which are commonl yefgeiNghd tre Wadlvel 199 &Y the' bubBUL£hBET LaEORYCRRL PBA!
in open posifipn.while the well is being produced. If
it is desired to remove the upper section 122 of the
test tree, or if some accident occurs at the surface

10 which results in the automatic controls at the surfacé
reducing the pressure in control line 129, the two
springs 127 ofﬁthe test tree and 144 of the subsurface
safety valve will be effective to move both valves to
the closed position.

15 - In the event that the upper section 122 of the
tree is removed, this will automatically result in
closing of both the test tree valve member 124 and the
subsurface valve member 141.

Reference is made to Figures 10A and 10B in which

20 the preferred form of this aspect of the invention is
illustrated. The structure in Figure 10A is identical
to the structure in Figure 3B with the exception of
the flowways from the balance and control chambers to
the subsurface safety valve and will not be

25 ';edesctibed.



-3Q<, function, such as the chenmical injection flowway may be used for

chegami\cal injection. In operation the pressure within the'conduit 129 -~
exfﬁgohng to the surface will be maintained at a 5 sufficient |evel <
to Yraintain the valve 124 of the te3l=tree and the valve 141 of the :
subsurface safety valve in open position while the well is being produced.
If it is desiipedzder ctwveondiectipbalancet ifdnitl zof théesafetyt el ver i f o
sonme acci dent occurs at the surface 10 which results in the automatiC

cont r ol indlicated gemaxaXkly at niSlhcthectower chosunerdd Ofnthe2dowele two
springs 127 of the test tree and 144 of the subsurface safety valve will be
ef f ect | weatiomef fideh besty &reep hake 3| Basgagewayi A2 extending fram the
event. that the upper, section 122 of the tree is reppved, this will

aﬁtonagﬁﬂﬁISPP%%FPPdiﬁﬁ??ﬁ#nﬁleF“PGtﬁqPEP?eE?Z?r@§3v§hﬁ94ﬂ9ﬂiﬂe1%4 and
itrf\)\/ﬁlgcsﬁr e, %o AT R Al tala G- Tinas ﬁa%%?l{%%&'ﬁﬁ%@%f@oﬁﬂpslw
! T red | oA o . . .

i gur e THSHa 5o chd; idbagbl 162 [k’ entP o 198 400eBhEERD
chamber %bléxg.& BRI RC S1vhRle) affd P Whiidd 1¥¥ 88pénding there-~

redescri _
from. The tubing 156 is a slick joint for engagement by

blowout preventers as above noted. The wall of the tubing is
10 pierced at 157 to provide a flowway-through-the slick joint
conducting balanced £fluid downwardly. |
. At the lower end of the slick joint a coupling 158
provides a fluted hanger adapted to support the tree in a
wellhead. Flutes 159 provide for flow of fluid in the well-
15 head past the hanger 158. '
The coupling 158 is provided with a port 161 and a
flowway 162 extends from the port 161 to the inner bore of the
coupling 158 where it communicates with the slick joint.
O-rings 163 and 164 seal between the two conduits 162 and 1357.
20 A conduit 165 extends downwardly from the port in the
fluted hanger and conducts fluid to the safety valve 151 to
control opening and closing of the safety valve in the coaven-
tional manner.
In the event it is desired to use the control fluid
25 pressure to operate the safety valve 151, the tubular housing
25 may have a passageway therein as indicated in dashed lines
at 166 communicating the control chamber 33 with the passage-
way, 152 in the lower closure. Aan additional O-ring 167 would

be provided below O-ring 168 and below the passageway shown in



-31- Ino
general l'y
tree has
t he bore

straddl e the outlet of the passageway 152 into the bore 153 to confine

rder to conduct balance fluid to the safety valve indicated

at 151, the lower closure 26 of the |ower section of the test ..
a passageway 152 extending fromthe upper end of the closure to 23
153 through the 05 closure. =8pair of suitable Orings 154 and -

O

flui d bet viettedelihesuto atcaddie (diegeannectiondbegwery che rdattedne

t ubing 15
noted. Th
t hrough t

end of thefini@iPrepfure dsumtidd

support t

“well- 15

161 andog

coupling

6 is a slick joint for engagenent by bl owout preventers as above
elime| passagewaybiand ithel PaRsagepnitlidy (BlsPovvhere ePBERRY
he slick joint c nductin% bal anced fluid, downwardly. At, the | ower

£t &) (RANY OB | becprRyiged dmpkRe to
he tr ' | | head. Fl.ut 59, pyovi for fl f Jluid,in th
namhegaend, s Rarsees 482 R {801RER B8, PREeRaRYAT. FRRN e ot

RYREY  FRE AL | AP EPRAC IR b e {Int cEEn ol 1G

. 164 | b (o 1T} ' ' '
extends doRPiERPEaFruLe, B8 ek cHif, Go Phivdd would bpERTLRL dafory
the saf et yyy Pl Cand@ lréfo¢alt 68! tRDENhRIsdEFe ChOS1A0cPEsd NE1BFE1VeNal ve iN

t he conve

n- tional manner. In the event it Is desired to use the control

fluid 25 pressunpile ehehairetiybe oF aiontsil andplbet GeilliiBular thagsiieg 25
may have a passageway therein as indicated in dashed lines at 166
communi cat conttd: fhuidodrcbalbimce 38luidh tbe grexetee-theysaliély i valve,
| ower closure. An additional Oring 167 would '

0 it is preferred to utilized balance pressure as this will

20

25

permit the independent operation of the subsurface contrél
valve withoyt operatibn of the valves in the test tree.
Operating the system in this mannér-requi:es that in addition
to the hydrostatic head of fluid being imposed in the balance
chambexr 45, én additional preséuze would be ;mposed which
would operate the subguifaée safety valve and when this
additiogal pressure was removed the subsurface safety valve
would move to closed position. This would require that a
greate: pressure would_be used in the éontrol chamber 33 to
move ;he piston 29 dbwnwﬁrdly, bﬁﬁ this presents no serious
problem. | |

Of course, the pressures at ﬁhe desired levels must be
maintained on the balance fluid chamber and on the control
fluid chamber while at the same time not providing a fluid
lock which would prevent the pistons reciprocating against the
pressure fluid. It is cénvehﬁional inlsyétems of this sort to
provide a control sfstem'at the surface which has an accumula-
tor with a gas cushion therein and the control system main-

tains the desired pressure on the accumulator. With this



be provided below Oring 168 and bel ow the passageway shown in - 32-
-ot;ed lines to straddl e the connection between the dotted |ine passageway
,-'t he passageway 152. Also, where33ontrol fluid pressure is utilized a
RDAg- woul d be provided in the upper end of passage 152 to isolate the

pas s age\wanventicn¥l dypelohheurfadel qquipment., theplcanttrah pistonf29i ent
control fluid pressure to open the tree valves would open the safety valye
and renpaa Bd tédiproeated casoneedetlowdthiout, danger \0f 12 Buidrleghe of
control may be utilized, that is, control fluid or balance fluid, to
oper at e grevendtigtg sudh gecipracation due & the 1se 9k the| a6€ 8Ssure
as this will permt the independent operationif t he s rface control ’

bsu
val ve witdmut apebathoths eomrtral ,chamher,an s‘ih?rgéra%ﬁ%r ©Che
systemin this manner requires that in addition.,to.the hydros | d of
7T i @sheranid v held dRF ResRiFe SRARRRARS KA HYdran eI ort Heda KA
woul d be_i nposed whigch uld r t Su r v 246l when
this adoﬁ%qﬁﬂgaﬁxﬁ%@hﬁ\g@m ggﬁo%égtt %%e?u%r%:sgé%é(y' va %Zs woul d nove
to cl ose Sjtl ' ; i J\@rd dipe
used i n 3ot Ay atls RS SRATE D Nads XS M QS ECedpRd LB
this pr | AP ringse. the pressures at the desired
| evel s nust be maintalned on the bal ance fluid chanber and on the control
fluid chambergfhpbfrae,t bthexrerypes bdEt ¢omwerol ngystemsi dnight be

10 utilized, such as pressure relief valves which would retain

the desired pressure while permitting;passage of thg amount of
fluid displaced by reciprocation of the piston. Such equip-
ment is not illustrated in the drawings as it is a form of
standard equipment utilized with tést trees.

15 If the test tree u;ilizes the back check valve 53,
pressure will be trapped below this point_when the upper
section of the test tree is removed. If the upper section of
the tree is removed whiie the subsurféce safety vglve is held
in open position, the action of the béck check in geating and

20 blocking loss of fluid from the passageway will hold the
subsurface safety-valve in open position. If it is desired to
have the subsurface safety valve closed, the excess pressure
in the balance chamber should first be removed to close the
subsurface safety valve befors the upper section of the test

25 tree is removed. If this sequence of operation is followed,
both the subsurface safety valve and the test tree valve means
will be closed when the upper section cf the test tree is

removed.



25 | ock which woul d prevent-the pistons reciprocating agai nst the pressure
fluid. It is conventional in systems of this sort to provide a contrgk \
system at the surface which has an accumula- tor with a gas cushi on/fh€
and the control systemmain- tains the desired pressure on the accyipulX
“Wth this  -33- conventional type of surface equi prent, the cont

pi ston 29 can be.reciprocated as needed w t hout danger of a fluid |oC
“prewenting such reciprocation due to the use of the accumula- tor.” As both
the control chanber and the bal ance eh3ber 05 woul d be hel d under pressure

exceedi ng the hydrostatic head of fluid exLendiqg frgn1ége est tree to the
surface, the stan- dar dfaddtul AMACIENSHLiSE WHRGEEPLERESRYIRE FAPRL &FR

in both b _ I, 1i -0 h f
Bontrol “systens mURSH: SPU (TS HF <o b 43 <5, Sbe, PbTER, BpmoarbiBSL ch
trol systems mif _ A f
'lui d i spl aced by lberie oo iy aaeel <y aly, vecteRaaRaa1 80 ApRagRRCY ©

iIlustrated in thedirayd g Bsed wild aaééirﬂofﬁfaliﬁ(aBﬂaEQvSGUEpﬁﬁat utilized
with test trees. 15 If the test tree utilizés the back check val ve 53,

pressure Wil be tgresnsedalidl tHd sdpved Hiom the ¢BACEotcehamBesl ahde
test tree is renoved. |If the upper section of the tree is renoved while the
subsurface safety fmdwethe Beeldl ahcen cifamberasi tThds, willéd zesudt dh bbehback

check in seating and 20 bl ocking |loss of fluid fromthe passageway w ||
hold t he- the subsurface safety valve and the tree valve means

moving to closed position. -
Reference is made to our copending Application
10 No. 8427623 which is divided out from the present

Application.



(&4 : .
subsuy-face safety valve in open position. I|f r%-+s_desLL§Q_L9rﬁgxg t he :
subsurf ace safety val ve cl osed, the excess pressure in the bal ance chanber
shbpug first be renpved to ctose the subsurface before the
m(ﬁ‘ bection of the test 25 tree is remAred. m meE ~operation
[ owed, both the subsurface safe ve and*t e alve means
w | De cIosed when the upper sectlo e test tree is rennved -34-

:fd Ehe Tubth corhete? %%‘f%%ft?s%@d#?? o9 B he R Saied £ 4 0
vmeﬁl | Bg ﬁg?r%%?%ég %P&?%e con%ﬁ %’4%1 dS%\r/gtrnl%%t%nl%r}gg?%r‘{geh(?ﬁ%:rg%f’uri?hl S
will resul é In&& hid hea S , BT Iin A pt iRe shlige cyalivaersans

noving to ose position. Re ce i s made t O our copendi ng Appllcatlon

10 g5 N091§€&¥ 623ivkbik iin dsaide éalihdteﬁsqmémﬂaj a6 dih s ARRitiendliingn.

CLAI M5 1. A subsurface test tree adapted to be suspended in a bl owout
prevent er vétwéenothei said, sprimylsauppoatty ;caldusaid), phston and urging

said piston in one direction a flow conduit providing a
flowway extending axially through the housing and having a
portion arranged radially inward from said spring means, first
10 valve means including a valve member on the spring side of
said piston and positioned at least in part in the portion of
the flowway surrounded by said spring means and between said
spring support and piston in at least at one position of the
valve member, said valve means connected to_said piston and
15 controlling flow through said flowway in response to recipro-
cation of said piston, a control fluid conduit in said body
extending from the side of the piston opposite said spring
means, a stinger, means for releasably latching said stinger
to said valve housing, a control fluid conduit in said stinger
20 communicating with the control fluid conduit in said body when
saié stinger is latched to said valve housing, second valve
means in said housing above said first valve means, means in
said housing urging such second valve means toward closed
position, and valve operator means carried by said stinger
25 and operable to move said second valve means to open position
and movable to an out of the way position to permit said
second valve to be moved to closed position by said urging

means.



.
cy‘l I nder in said housing, a spring support in said cylinder, a 05 pi A

sljdable in said cylinder, spring neans extendi ard” S -
support and said piston and urging said piston Imllnmmm%!“ﬂmra flo -
conduit providing a flowway extendi ng axi aggy thvoughtthe housi ng and AL
having a portion arranged radially inward fromsaid spring neans, first 10
val ve neans incl udi.ng Thealtestnmtrieer odn Clladmsir whereiige anhudaird spadt singad
positioned at least in part in the portion of the flowway surrounded by

said spring rezensauriedtonesaidastingernbetveenr thengtingeyand heusingomt
one position of the valve nenber, said val ve neans connected to said piston
and 15 contorEasite f sideshofugthe aremmpphfatien hesweere the s&ipesr

cation of said piston control, fluid conduit. jn said bady_extending from
the side of tIRAtHAY oﬁ@;ﬁbo%?'t"é“staiad‘% %3‘%&‘% %P%“tﬁ"??ge"rf“’rfiaﬁ%n t,
rel easa | at ching.sai d stinger io. said valve housi o) ol _fJl ui
condui tth: saﬁrtci{]sﬁ ??1’9‘?[’“%015 'g%?ﬁﬁﬁqq chit i%ggﬁbﬁﬂet%zo%?’%é ?r%ﬁ“%le clo&nd%}ef
in said body [ ' :13S ched«LO sai d val ve housing, second

val ve means i%%%%ﬁ%%&?esggﬁdgsﬂﬁéf val ve means, neans in said
housi ng urging such, seqiyl dde/ er@RnSt LEYR{A ¢! @3} RAfEAd I a ApFeyle
operator neans carried by said stinger 25 and operable to nove said
second val ve d6mSid erpAddd SN isaidahdusingbland @ demeupistonhexpoged to

position to permt said second valve to be noved to cl osed position by said .
urgi ng neans.pressurds in said dome urges said piston slidable in said

10 cylinder toward valve closing position.

4, The tree of Claim 1, 2 or 3 wherein a balance
chamber including said slidable piston is provided for urging
said valve means toward close position; and said balance
chamber is connected to a balance fluid conduit in said

15 housing. |

5. The tree of Claim 4 wherein a check valve prevents
flow from said balance chamber when said stinger is removed
from said housing and said check valve is held unseated by
said stinger when said stinger is latched to said housing.

20 ~ 6, The tree of Claim 4 wherein all dynamic seals exposed
to;fluid flowing through the test tree are also exposed to
said balance chamber whereby failure in a'dynamic seél exposes
the balance chamber to fluid flowing through the test tree.

7. The tree of Claim 1 or 4 wherein a tubing depends

25 from the lower section of the tree, a hydraulicly controlled
safety valve is carried in said tubing, a port opening to the
exterior of said tree is in fluid communication with said
piston, and a conduit means provides fluid communication

between said port and safety valve.



2.<. The test tree of Claim1 wherein annul ar seal rihgs are carriéd on

sy, OKsti nger between the stinger and housing on ﬂ ﬂi t he
cigmfyhi cati on bet ween the sti nger contr _fluid HMHN “ﬂﬁlml Imu usi ng
¢t pol fluid conduit, and a C—rlng Js carried in a stuat e *shoul der ed
groove in the gtinggle b@EE‘geQrﬁﬁ' Gain n_ﬂswhéreln-rgﬁlae%hbﬁ.hée J.Qxf daim

1 or 2 mhereln a pressure dome Is provided in said housing and a

IOI ston exeg&&dst 2 BiEERUSBiNE PReEcE@ Mo UpBEPiddi 4 Fluwdly sin dethé ewam sa'l*d
cylinder toward valve closing position. 4. The tree of Caiml, 2 or

3 V\her ei NntRebabangepehathgr £roml uHengoward treiedakctipnsaad ias coupliiced f or

urging said val ve nmeans toward cl ose position, and said bal ance chanber is

connect edptovidbagaac<lfutedd heorghy tdepesding 186rom hsasdnglisk Biedntriee of

Claim4 wherein a check valve prevents flow from sai d bal ance chanber when

sai d0St i ngaidi sonplingd havimgs# dsererd nporhi 3nddmenask qﬁm%q@m d

unseat ed b{ said stinger when said stinger is |atched to _said hqusin 20
u

6. The tr&dudd GPEFHPlcﬁﬁé?ElheSWFeﬂyﬁéﬁﬁcs§€8P§ BRpEs 889 Fhe Filewd

th h the t d .t d I hanb h
failure | WaSayflafie esi‘i&%‘éé&%ﬁ%ﬁ o AT SR, SR mr%meaé
th h the t t

de[)gﬁgs 2§gan558ﬁ1{:?§§i?gin sec 1 (r)n&mﬂtpﬁ ‘?‘3@% tﬂ{eﬁﬂé gﬁ%ﬁéﬁ 3; d(‘)lﬁ'[ rgﬁ ed
safety vakvg §? égé th&@i@ ﬁé@ﬁgg a port opening to the exterior of
said tree 18§ 1'n ui

comuni cation wth said piston, and a conduit neans
proviges fluid comuni cati on between said port and safety val ve.

15

20

25



-37- 8. The test tree of Caim7 wherein said tubing in- cludes a slick
joLnt pierced to provide a flowway in hereof depending fromthe
l ewer tree section and a coupling providing a fluted hanger depending frog

said slick joint; 05 sai d coupli ZMH ﬂ yd:port; and neans

establ i shing fluid conmunication b mlmulﬂ"ntﬁ ﬁd port and the flo

In saird slick joint; said slick 10|nt Io twey, sse¢ond port and neans
est§ﬁ1ishing fluid conmunication there ggbmeen providing a part of said
conduit neans. 10 15 20 25 -38- 9. =A28ulbsurface test tree adapted to be
suspended in a bl owout preventer stack conprising, a_tubular valve housi ng,
a tubular cylinder in safd h6u§PH§“'§a§ﬁrFﬁﬁtsﬁbﬁ%rQGQHFgﬂm B®inder, a

| i dabl d d t ub t
Eit endi ng from sai dSHFBEBASRoRar 8’ bYPHOuB PREVERES E4RR Somelr fhan 41y
Cnverd £7om S d o iTart 0268 hiBaTHaSnR bibuEIROR ARELTG e | N S

annul ar

housing, a spring support in said cylinder, a piston

5 slidable in said cylinder, a tubular connecting rod
extending from said piston ﬁoward said spring support
and spaced radially inwafd from said cylinder to
provide an annﬁfar space, spring means in said annular
space extending between said spring support and said

10 piston, first valve means positioned radially inward
of said tubular_cbnnecting rod, said valve means
connected to said connecting rod and controlling flow
through said houéin§ in response to reciprocation of
said piston, said valve means having a valve member

15 locéﬁed between said spring sﬁppo:t and piston in at
least one §osition_of the valve member, a control
fluid conduit in said housing extending from the side
of the piston opposite said spring means, a stinger,
means for releasably latching'said stringer to said

20 valve housing, a control fiuid conduit in said stinger
communicating with the control fluid conduit in said
housing when said stinger is latched to said valve
housing, a pressure dome in said valve housing, and a
pistdn exposed to pressure in said dome urging the

25 - connecting rod toward valve closing position.



said housing in response to reC|p
havi ng a val ve nmenber 15 | oc
pi'ston in at | east one position of the val ve menber, a control

pace extendi ng between said spring support and said 10

I st on,

_ pi st on,
al ve means positioned radially inward of said tubular connecting rod,

al ve. means connected to said con I‘ mm m ﬂﬂgnt rolling flow through

first

saig/

sai d val ve neans
sSpring support and
fluid

o

conduit in said housing extending frgg;the side of the pi ston opposite sard
€

spring nmeans, a stinger, neans for

said 20 val ve houpl nthe & re@idOlciditi @ eaRdeiih 'an 3%%

comuni cating with the control fluid.conduit in said-

stinger
housi ng,

2o

asabl y latching said stringer to

89€b

en said

i s | at chetike tex teai by DV sdid i Hree, awddiesInr eldeae in said valve
and a piston exposed to pressure in said done urging the 25

connecting rod toommuhicHbioncwithhgaidsigiiston, a tubing depbnds From S *
38a- 10. The tree of Caim9 wherein a port opens to the exterior of said
tree and is in f9aidl reeud dydravldical lyaicongroddrd safebynyadepedds from

t

and safety valve, 11. Th tre%é% e sa1%0 mherelg gg%gtguggg

said tree, a hydraulically control]ed safety valve is 5
H§%HWGV d@g'HQHqﬁléoﬁﬁﬂﬁFcEFpaﬁdsétﬁééhdsald port

ubi ng, nd condih tS

communication port an

in said

de.

11. The tree of Claim 10 wherein said tubing

includes a slick joint pierced to provide a flowway in
the wall_thereof depends from the lower tree section;
10 and a coupling providing a fluted hanger depends from

said slick joint; said coupling having a second port:

and means establishing fluid communication between

said port and the flowway in said slick joint, said

slick joint flowway, second port, and means

15 establishing fluid communication there between

providing a part of said conduit means.

12. The tree of any one of Claims 9 to 11 wherein

annular seal rings are carried on said stinger between

the stinger and housing on opposite sides of the

20 communication between stinger control fluid conduit

and the housing control fluid conduit and a C-ring is

carried in a square shouldered groove in the stinger

between said seal rings.

13. The tree of any one of Claims 9 to 12 wherein

25 a balance chamber including said piston is provided



includes a slick joint pierced to providea—+Howmwy in the wall thereof
depends fromthe lower ttee sectiion;" 10- ' * and a coupling providing a

f 17Ut ed hanger depends from said ' ror iﬁﬁﬂlcoupling having a s Y
port; and nmeans establishing fl UE \‘ Wm&“ bet ween said port
flowmvay in said slick joint, sai ccktjotnts fl'ownay, second port,

means 15 establishing fluid communication there between providing a
patdte of said conduit neans- 12. The tree of any one of Clains 9 to 11

wherein annul ar seal rings are carri® D sai d stinger between the stinger
and housing on.oppps; t | des..0fa t - (ﬁﬁggﬁ? ' stinger
control fluid condﬁé{ gﬂ%iﬁesﬁgusﬁﬁgrﬁarno l'ul c%gtr?!g%:at ggtﬁg?g%&'ri ng is
carried in a squargndhpUbiRdmck ¥ 1NN ddhddi: Sid riﬁ%vibﬁavgg.ns%aud seal

rings. 13. The tree of .any one of Claims 9 to 12 wherein a bal ance
chanber includi ng reasimgston i s provided -39 - for urging said valve
means toward cl osed position, and a balance fluid conduit is provided in
sai d housing. 14. The tlée THe Grdendf3 Gladimeil3 whelredn aicheck valve
prevents flow from said bal ance chanber when said stinger is renoved from
sai d housi®g and sfevemeskflew fram saidl halanme shapbesi when #gdd when
said stinger is removed from said housing and said check
valve is held unseated by said stinger when said
stinger is seeuted.to said valve housing.
15; The tree of.any one of Claims 9 to 14 wherein
‘10 a second valve means is provided in said housing above
. said first valve means, means in said housing urges
said second valve means toward close position, and
"said stinger includes valve operator means operable to
move said second valve.means to open position and
15 movable an outfof-the-way position to permit said
second valve means to be moved to closed position by
“said urging méans;
16. The test tree of Claim 13 or Claim 14 wherein
all dynamic seals exposed to fluid flowing through the
20 test tree are also exposed to said balance chamber
whereby failure in a dynamic seal.expOSes the balance
chamber to fluid flowing through the test tree.
17. A subsurface test tree adapted to be

suspended in a blowout preventer stack comprising; a

25 tubular valve housing, a cylinder in said housing, a



stinger is secured to said valve housing. 15. The tree of any one of C ains
9 to 14 wherein 10 a second valve means 1S provided in said housing ~
above said first valve means, nmeans in said housing urges said second valve*

- ~JTeans toward cl ose position,"‘-.'i'aml“mmum!”wu ncl udes val ve operator neans

erable to nove said second val L MECERS ¢y n position and 15

)vabl e an out-of-the-way position'to pernt said second val ve neans to pe

ved to closed position by said uLgsgg geans. 16. The test tree of Caim
13 or A aim14 wherein all dynam c seals exposed to fluid flow ng through
the 20 t estspr fireg aduppd Y X Emiat ayl iydder ha gistonh@itidabliecriaby
failure in a dynam c seal exposes the balance chanmber to fluid flow ng
t hrough the testsaidecyllihdey subsinbidiar teanneaqtdngdad: ek tepddiads f&9Mded
in a blowout preventer stack conprising; a 25 t ubul ar val ve housing, a
cylinder in sai csatdispigton towardggaid SRLiNG SURRALE AR9s SPACEF i nder, a
pi ston slidable in_said cylinder, a tubular connecting rod extending from
sai d piston towaFdAkatly s%?‘ﬁfdiesﬁﬁﬂ%rﬁa%d:%% EPFONERR d from sai d
cylinder_to provide an 5 annul ar_s €. SNr. [ i d annul ar
space ex?endi ng ﬁ’é’f\'/\ﬁ%’n %%?cme‘spﬁ?:rﬁ'%%ep%ﬁ Ja“n(Jé)as]'<'§1i|1%np| {%n,s?’é%a means
confining fluid Lp &4 fhd Bl lers R fa dpring support and said piston,

seal means confining fluid in said annular space to

provide a balance chamber, first valve means having a
valve member positioned radially inward of said

10 tubular connecting rod between said spring support and
piston in at least one position of the valve member,
said first valve means connected to said connecting
rod and controlling flow through said housing in
response to reciprocation of said piston, a control

15 fluid conduit in said body extending from the side of
the piston opposite said spring means, a balance fluid
conduit in said housing extending from said balance
chamber, a stinger, means for releasably latching such
stinger to said valve housing, a control conduit in

20 said stinger communicating with the contrel fluid
conduit in said body when said stinger is latched to
said valve housing, and a balance of fluid conduit in
said stinger communicating with said balance fluid
conduit in said@ body when said stinger is latched to

25 said valve housing.



provi de a bal ance chanber, first vaL#eﬁaE§ﬂ§~b§¥Lng a val ve nenber
pQsitioned radially inward of said 10 ~tubul'ar connecting rod between~
sard spring support and piston yﬂ“ﬁ osition of the valve B
menber, said first valve neans m! mg@g&@:ponnecti ng rod and L
controlling flow through said hodsifig +n e to reciprocation of

. piston, a control 15 fluid conduit in said body extending fromthe

si dec of the piston opposite said sprinqggeans, a balance fluid conduit in
sai d housi ng extending from sai d bal ahce” chanber, a stinger, neans for

rel easably | atching suchl§§ i.ﬂgg(r:%%& sg;y Koaét “ﬁﬂ%sﬁ%ﬁqﬁ glmarg: eﬁgn?ﬁi t

in 20 sai d stinger communi I hg W- he “contr ol condu

sai d body when sai dygiy@09stedént St LI fz‘bnﬁ?éﬂd’?ﬂa‘i%d&{éu%ih%be&n@h%nba' ance
of fluid conduit in said stinger communicating with said balance fluid

conduit in said bodgaidestbngélr Sis ngMovied | fricah agh iid0 vdive housding,vslaid
‘housi ng. -40 - 18; The test tree of Claim17 wherein a check - val ve
prevents fl ow from eheck haalwe chelthnirsreattesh bynisaist istjegeirs whemosaddf r om
sai d val ve housing, -said check val ve hel d unseated by said stinger when
said 5 5 stingestingent tmclatchedite \aaidk vados housing.The test tree of

Claiml1l7 or Claim18 mheiein a port opening to the exterior of said tree is
in : _ 9. The test tree of Claim 17 or Claim 18 wherein

a port opening to the extérior of said tree is in
fluid communication with one of said control fluid
conduit and balance fluid conduit in said housing, a
10 - tubing depends from the lower section of the tree, a
hydraulically controlled saféty bélve is proviaeé in
said tubing and'cbnduit means provides fluid
communication between said port and safety valve.
20. The test tree of Claim 19 wherein said tubing
15 - includes a slick joint pierced to provide a flowway in
the wall thereof depending from the housing; a
coupling providgs a fluted'hahger depending from said
slick joint; said coupling having a second port; and
means eétablishing fluid communicafion between said
20 second port and flowway.in Said slick joint; said
slick joint flowway second port, and means
establishing fluid communications there between
" providing a part of said conduit means.
21. The test tree of any one of Claims 16 to 20

25 wherein annular seal rings are carried on said stinger



fluid communication with one of—sai-d—contraol fluid conduit and bal ance
f] ek conduit in said housing, .a 10 t ubi ng depends fromthe | ower '~

sigct of the tree, a hydraul il N safety valve is provided in ¢«
sii bi ng and condui t maanspﬁmnﬂm('m,t‘m'ﬂ@hmm cation between said

nd safety valve. 20. The t'estt tkeenofs m 19 wherein said tubing 15
fdes a slick joint pierced to provide a floway in the wall thereof . .
depending fromthe housing; a coupriﬂgaprovides a fluted hanger dependi ng”
fromsaid slick joint; said coupling having a second port; and neans
est abl i shing fl ubeltweennithe adt ingdrtamtrhaw ih®n opposddend iiderst ofnd
floway in said slick joint; said slick joint fl omay second port, and
means est abl i shithe feemmurigation hetween he stdngesn gendriadi fduddart of
said conduit neans._21; The test tree of any qne _of Cains 16 to 20 25

wherei n annul ar eRduit RRI he haysing gentrd HLuigeconduityyand Bt ween
t he stinger and fousi ng, on opppsite sides of the j cation hetween the
stinger control ?Tﬁf%g c’o%o‘fﬁ'fptp’aeréj 1‘[e"hea- HARALR sgxgﬁﬁ%g}ueﬁ FEPYE IR }tl&eand a
Cring ig carrieg, j e _ inthe 5 stinger

bet ween gai d seagtir%%swgﬁ'ﬁggﬁe%;é%eg{%&%ny one of Clainms 16 to 21
wherein a pressure dogg ifn@rauddetkdd ofighy Ut ¥E claims 16 to 21

wherein a pressure dome is provided in said housing,

and a dome piston exposed to pressure in said dome
urges said piston slidable in said cylinder toward

10 valve closing position.

23. The test tree of any one of Claims 16 to 22
wherein a second valve is provided in the housing
above said first valve mean, means in said housing
.urges said second valve means toward closed position,

15 and said stinger includes valve operator means
operable to move said second valve means to open
position and movable to an out of the way position to
permit said second valve means to be moved to closed
position by said uréing means.

20 24. The test tree of any one of Claims 16 to 23
wherein all dynamic seals exposed to fluid flowing
through the test tree are also exposed to said balance
chamber whereby failure of a dynamic seal exposes the
balance chamber to fluid flowing through the test

25 tree.



and a dorre pi ston exposed to pressure*rn—sal—d~dene urges said piston
slidable in said cylindet toward 10 - val ve. ¢l osing position. 23. The
‘test tree of any one of Cains ,mm,\cm'ﬂm a second val ve is provi de
in the housing above said first mmﬁLs i n said housing urges/~ ,.
sai d second val ve nmeans toward cl osed “poSitiort, 15 and said sting 2
i ncT udes val ve operator nmeans operable to nove .said second val ve neans
opda’ position and novable to an out of ,the way position to pernmt said
second val ve neans to be noved to cl O‘Sé’d posi ti on by sai d urgl ng neans. 20
24. The test tree of any one o iF gto 23 whe e| n g)énam'c seal s
exposed to fluid flow ffy% @ctee st gegrgu Ej d®fo said

bal ance chanber . S I

Dalance chamber Wi Seilord it 54 &i“éﬂ*rﬁﬁég @3 ‘%99 gliskn
subsurface test trge 4Hd drAnpaef ore described with reference
to and as shown in the acconpanying draw ng :




