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countered to prevent the iree cap from being pushed off the tree. In the
aforementioned patent, these reaction forces are countered by providing the tree
cap with a pair of inwardly biased latch pins which engage corresponding
grooves formed on the outer diameter of the free. However, requiring the tree
cap to be latched to the outer diameter of the tree increases the size, weight and
complexity of the free cap. Such a requirement also necessitates the additional
step of disengaging the latch pins prior to retrieving the tree cap.




30 cap to be latched to the outer dianmeter of the tree
i ncreases the size, weight and conplexity of the tree
cap. Such a requirenment al so necessitates the
additional step of disengaging the latch pins prior
to retrieving the tree cap. 1 Summary of the Invention
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fluid .fromthe bore; \Alnﬁreln V\t/ﬁ{ he dependi
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communication with the fluid conduit for removing at least a portion of the fluid
from the bore; wherein when the depending portion is inserted partially into the.
bore, the fluid removing means will create a bore pressure within the bore which is
less than the ambient pressure; and wherein a pressure difference between the
ambient pressure and the bore pressure will move the depending portion into the
bore to thereby attach the first component to the second component.
Thus, the present invention may offer several advantages over the prior art.
First, since ambient pressure is employed to force the depending portion into the

bore, the first component may not needed to be provided with a setting piston and
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si de plan view of, the ROV suction tool of the ﬁresent
Figure 6 is a side plan view of the ROV suction tool of the present

invention;
Figure 7-is a partial cross sectional view of the ROV suction tool taken
along line 7-7 of Figure 6;

25 Figure 8 is a front plan view of the ROV suction tool: and

30

Figure 9 is a perspective view of the ROV suction tool.
Detailed Description of the Preferred Embodiments

The present invention comprises an apparatus and method for facilitating
the installation of a first component into a bore or cavity of a second component.
The invention is particularly useful when the second component is located
remotely, such as in the case of a subsea completion system. Accordingly, the
present invention may be used to effect the installation of a first component into a
corresponding second component in a subsea completion system using, for
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invention: Fi gure 7 is ‘a partial cross sectional view
of the ROV.suction tool taken “along line 7-7 of
Figure 6; 25 Figure 8 Is a front plan view of the ROV

Wof’lﬁ@i tool; and Figure 9 is a perspecti vq,g;/ri,[&ﬁﬁeogfﬂ“s“

suction tool. Detailed Description
Preferred Enbodi nents The present invention conprises
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ROV handle 34 which is pivotally mounted to the release rods such as with bolts
36 and nuts 38. An internally projecting flange 40 on the lockdown piston 30
cooperates with an upwardly facing shoulder 42 on the seal plate 12 to define a
lockdown piston chamber 44 which is sealed by, for example, upper and lower O-
ring seals 46 and 48 which are positioned between the lockdown piston and the
seal plate. In addition, upward movement of the lockdown piston 30 is ideally -
limited by a stop ring 50 which is secured such as by threads to the seal plate 12 '
below the hold down ring 24. Alternatively, upper movement of the lockdown

piston 30 may be limited by the bottom of the upper body 22, the bottom of the

hold down ring 24, or both.
Referring specifically to Figure 1, the seal plate 12 comprises a hot stab

- bore 52 which is adapted to receive a conventional dual port hot stab (nhot
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surll%%%l of the seal plate, through the needie valve bore 60 and to the lower
gallery 56 of the hot stab bore. The end of the third fluid port 76 adjacent the
outer diameter surface of the seal plate 12 is sealed with a plug 78 and an
associated seal 80. Thus, when the needle valve 64 is open, the centrai bore 18
of the stab nose 16 is fluidly connected with the lower gallery 56 of the hot stab
bore 52.

Referring also to Figures 3 and 4, an exemplary christmas tree 82 on
which the tree cap 10 of the present invention may be installed is shown to
comprise a production bore 84, an annulus bore 86, a cylindrical sealing surface

88 which is formed at an upper end of th_e production bore, and a lockdown

profile 80 which is formed at the upper end of the production bore above the
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tree cap 10 to the tree 82. Durlnfg{
TQthbt@egb tlee firsi duiseart 62 thravghdhe icentral bore 18 of the stab nose 16,

:Ei ~ and to the production bore 84 of the tree 82. As the pressure in the production

bore 84 decreases, a pressure diiferential is created across seals 14 since the
25 hydrostatic pressure above tree cap 10 remains unchanged. Thus, a downward
* force is exerted on the tree cap 10 which is equal to this pressure differential
multiplied by the seal area. When this downward force is sufficient to overcdmé
the frictional forces between the seals 14 and sealing surface 88, the ree cap 10
will stide downward into the production bore 84.
30 Once the tree cap 10 is fully seated in the tree 82, the needle valve 64 can

be closed. In this position, an annular seal 92 which is mounted on the bottom of

the upper body 22 seals against the fop of the tree 82. The seal 92 is not
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and applies hydraulic pressure to the portion of the production bore 84 below the
25 tree cap 10. Once the pressure in the production bore 84 exceeds the ambient
- hydrostatic pressure by a sufficient amount, the tree cap 10 will be driven out of
the production bore 84. The ROV then closes the needle valve 64 and replaces
the hot stab with the dummy stab 58. The ROV can then grasp the tree cap 10
via the handle 34 and move the tree cap to another tree or retrieve it to the

30 surface. if desired, or when necessary due to a mechanical failure, the lockdown

piston 30 can be actuated mechanically by manipulating the handle 34 with the
ROV. In any event, it should be apparent from the foregoing discussion that the
- ROV suction tool is not required to remove the tree cap 10 from the tree 82,
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. The ROV suction tool is now used to apply at |east a

partial -vacuumto the. upper port ‘of the dual port hot
stab. This partial vacuumis comuni cated 5 through
the second fluid port 74 to the | ockdown pi st

WO 2004MA&3S 44, As the pressure decreases in ﬁ?ﬁ‘?%%ﬂ%@?fwﬁﬁ
pi ston chanber 44, a pressure differential is created

o Rebaringrnovo Bouress Brwabd e i Saiiioo] gehiy o4
coh\ﬁﬁéé@ h@drbforblg TRstE L &HE %dmlérh md@s@mﬂmm@v panel 98,

ConseQuently, a down force is exerted on

antupper parelol#o. rsxaona@@ 198, and arﬁld%b@@eéﬂ%fbat Ptgnas
bR PN s S FER M 1l srdft Bhi PedrGirtdls. | fife 3ektrAboP9PERo

area o pl st on amber
inciticis firki andlsecovat dulklieaddypé bydualfic ﬁttmgsﬁy)al andgws whléh are

mauffied BPeaS Flsacnd be oifE oSt MREl £ whiehs

atthBifed RFRGQMpdripaaelfo0 \ﬂaibv@dkéts/*! 1z1taafoammemmam 114
the | ockdown profile 90 to thereb secur @ﬁd%@Stree

whickpis Becuted iectherfiant ganel B8avifi,sorengp! 10an ehiodfed
oA S8y 8 AR 4505118 Ui b
thaNrent panel swtﬂlemkr)'ewsl 120. Asmmvenmcml tuakparhpotigap r‘igﬁwfﬂﬂéa"
RO, S50 b ipSaTad 1o e ARk BRRIHRNTT hifah 4 BdfEaSHing
opgfigmg i@ e froAtipandl @8t Thethai isadb mmmaermdcl?gﬁm upper aret

oty £24 and 120, SRKHGAPt S 147 ExtaRB oS 10 BPDIY hygrauli
prégé%re gd)gmqé’r"lﬁtﬁé@é 9(5“330 and thereby allow the | ockdown

to contract out of i engagenent with | ockdown
pr oﬂ'hbesu@tion Tond SRdUrtherdnclogess vapeumdutmie 198 mjuchsaomprises

T

hopsipg withea Innn’il:im of studisendatutH o84, Meﬁﬁd@éa\dmclt are aisbiised to
i,ent ,amoun t he

coBi B3 S o LS R o B B AT AL e

is é(ﬁ@t;o?@ﬁ Bm%ew tﬁé%?hﬁdé? hBesHY %n‘eﬁhé‘ @y%aﬁt@ﬁdr@w atessuction
hot stab with dummy Stab 58.  The RQV can then

togyP4 preferably pise enipprises apdan REVihandle 138 which ismpanesigd to,
o GBI OARE S  EERTE A BB Il uros
nmec Refercial t6 ﬁlgureé',, thehmduurrkpmm 128 aisaa mcB@lesamfi rlsépressure

cnBFbPARE, TR A SRR e AR Btinnaer
holisRE 1306w kie bedftiab: $iab ¢4 Hnda V41aé stdr 146 which comprises a
first end that is attached such as by threads to the piston and a second end that
'is sealed to the first pressure chamber by, e.g., an O-ring seal 148. Thus, the
piston 142 defines a second pressure chamber 150 between the piston 142 and
the seal 148 and a third pressure chamber 152 between the cylinder end cap
132 and the piston. Referring also to Figure 6, the first pressure chamber 140 is
accessible through a first port 154 in the cylinder housing 130, the second
pressure chamber 150 is accessible through a second port 156 in the cylinder

housing, and the third pressure chamber 152 is accessible through a third port
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. ROV suction tool is not required to renove the tree
-cap 10 fromthe tree 82, 7 WD 2004/041455 . ...
PCT/ US2003/ 034866 Referring now to Figures 6 through
9, the ROV suction tool, generally 94, conprises a

WO pn4&04a45abl y netal frane 96 whi ch incl udes a FQTAR203/034566
ROV panel 98, an upper panel 100, a rear panel 102,
and a side brace 104 that extends between and is

158 ctheenylindert ressingo ritheagidindenhoysing 1 80 afieinsludes arvend eprt

(nob S vichTs EPATRS I s R E PSR ARG L K85 o,

t heRsieftndnéwao Fitfure 8, thdaﬂbweﬂ porthay isthab stabninbinifeld 110 is
BRI ERG T ST IR PR e
16@b N8iphilL trf@ttﬁkgﬁdergj%w Jdin3RE o sthbfmanibli Sll‘I@qé‘%ﬁl"?edt@d to

mani-pu ROV, an optional pressure
thedhige potts! Sfhindhe |csdln®n housging d 3Dona RévErasiic lipgrid2. vilse, the

aclheitELye (SR VRIS TRl POl 17 4 (6o
fo tgg rse_?%lga a m/drfttﬂlsﬂmedlﬁﬁgngapﬁgeflﬁ\éalne tlg& fr g:}t aggnel

" owEhe Bal Vaves 34 brisgs aaiippen Bore/ v hER TS sSliShetastto the
secoh8hdrP1 56 RPING AYRISHdUBIngPI S dilIEchdtkaid\Re 72bnd Bese

rts. 15 The suction tool 94 further includes a

hycgaulmjmqw% valzieh iealen fhﬁ)fﬁﬂfﬂ@l&lln%to(jyhlph@@ pmgr%@age 118
is c?)ﬁﬁec%dcylL fva?vrléj.'l fﬂﬁls@;%ﬂq‘lbﬂ}ls%@. fei ?Fé fflidQst he
ng w er o

ous a nu and nuts 134,
commmfchio the finbii balikeeae fitip 106 ed the SIds:dnrace 1Dheiag Ihlydrmldlc

. h [ I .1

ind B Aot Fed G 1355kt 00, AR bR Tng 16

via @ yde3lioVeey 1wtérﬂaaobw5h SoRUBHY WHICR (s Vaitte@40 et abl y
al so conprises and ROV handl e 138 which is

corlduges 7.dhe bph wa@ﬁéﬂﬂ ia shewa i gifirsicRasitigguiniwiychhe,
f
upiibs BUFDRT0 B oorEcclidine Ik MUy} 170 3o nERGRE poRaBDI

" cormeemmoethehmeemomlat}. Zhpibsi! valve4t! Aarc he ingoveddb edseasnd

ooy A e 500 3 el LRG3 O s 0o o
(noﬁ@W > Bve appé’:’i:)dr’c 180 isaRshnbbiid totharight ped 180d'md6thelbaft

hreads to pi ston and second end that is seal ed
POF{ b7¢ F%Wﬂﬂeéi*e(fﬂ%@%?‘@ée'bﬂ’%ﬁ‘i%‘i by, e.g., an Oring seal

. h?f‘ ng;avq%% hgf;et;tag gﬁbgﬁu&ﬁgss g;@‘n ér&@%sgﬁm\@{ﬁ%ﬁhmon
with the tree cap 10, is connected to the ROV suction tool 94 via the first and
second bulkhead fittings 106, 108. The first bulkhead fitting 106 is connected to
an upper port 188 on the hot stab 186 via a hydraulic line 190. Similarly, the
second buikhead fitting 108 is connected fo a lower port 192 on the hot stab 186
via a hydraulic line 124. The hot stab 186 may be connected to the frame 96 of

the suction tool 94. Alternatively, the hot stab 186 may be a separate component

which is manipulated by the ROV independent of the suction tool 94. In the latter

case, the first and second bulkhead fittings 106, 108 may be connected to the

upper and lower ports on the hot stab 186 by hand prior to deployment, or by the

ROV after the hot stab has been inserted into the hot stab bore 52 in the tree cap
-10.




the seal 148 -and a third pressure chanber 152 between
. the-cylinder end cap 132 and the piston. Referrlng

also to Figure 6, the first pressure chanber 140 is 30
accessi ble through a first port 154 in the cylinder

woO 200mRii43g 130, the second pressure chanber PEB/US2003/034866
accessi bl e through a second port 156 in the cylinder
housi ng, and the third pressure chanber 152 is
accHus, Iprevidéd thedtotstathi $®|spnsertec8mt07thmr%gap dQ.thedree

PCT/. US2003/.0 486

car 3t et PR Hopaled R g vbH T A S el f Iopen.

whéﬂ %bamﬁgél 1% 8 fumnmesmedd msth:a the ptmﬂlcpgmb'sw 84 wsu be in
chanper ererri ow t

Ruid gamminigatcs wilh fe-9<nd Platsire SRemRREB0d ihs YaruuRblme

5 12{?1556% fbrck dwt pEs'?oﬂ a?arﬁuéﬂMﬁ,m Hi‘e%@ﬁtéﬁ td 8k ¥éa Also, when
rau |ne . Simlarly, the uppermgort 126

thetti&ll \rame wam iteniist msitmcbhe lockdenia pisten chambped4 Milt Be in
ort 158 th
T
b013?4 MIwme@%OWﬁance_ _nurr?gr6 164, is veEt ed to
e sea vjia a r ic lin
| oanhend! s aiairod i Bty shat s el 10l o ek i i pai
10 valyh '1‘?11‘ zé ﬁatﬁt‘éﬂﬂ&%%@cbm bbsitiod ang W@mdlh@fpréssh%:s apglied by

cylinder housing 130 via a check valve 172

theHy@Wdolthe Uppﬁlépqu?ﬂf therhat stals 128 whichHe PH?'&PH%@' ﬂzﬁﬁ het stab
maé'/\g?lw 1‘?; jlﬂg r%%gur‘?zeglﬂg%l?&?reésﬁréé’t%ﬁﬁére%z ihfeR§linder

orrpr Ses a 176 which is
homﬁm 480 enddttbertebg foicedhe pwmmmw ihtetleﬁi gnasd position {as viewed

in Rgwaitn G tinieer aly fd Wibfubond Predule PhoemBaf o0
15 wullwv%r&?tg e éewdaiihzag 0 h?ie\»lamt po éGamdathb@theck gailve 1684
Alspathrcherk Vb Rl ot Anyroupuat 1 Tow gk the gecond
porf RBB! (ﬂﬂcre thé&@sﬂié 8‘32 RORChe Jert %dsh?oéaﬁéﬁ Bsdurd i réidved

the ri connect ed | ower port
froﬂ:ﬂhe uﬁper bartlofﬂm het stak 122 @nd@pplied ip the IQW§é§@Hd0 thereby

prdiivieq (e FP S8k d bl 148 96 R SR SR P EEn 142
20 moRend tHe Aghts a whkesurh Qvill be créagbd irpthet setﬂﬂd qmelssme
charohpr 1901 Siogh l SoSIRE a1k b e i et o e
| se@MSrebSure UMaRMEraB0 through the vent port 164, this partial vacuum will
} _ " be communicated through the hydraulic line 174, the ball valve 114, the hot stab
186, and ultimately to the production bore 84 of the tree 82. Consequenﬂy, any
25 fluid in the production bore 84 will be sucked into the second pressure chamber
150. This fluid is subsequently purged to the sea through the vent port 164 by

depressurizing the first pressure chamber 140 and pressurizing the third pressure

N

chamber 152. By repeating this cycle, the pressuré in the production bore 84
can be pumped down until sufficient vacuum is created to draw the tree cap 10
30 down onto the tree 82,
Once the tree cap 10 is firmly seated on the free 82, the needle valve is
closed to retain the partial vacuum below the tree cap, the ball valve 114 is
rotated to its first position, and the vacuum pump 128 is cycled as previously

10
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W th the tree cap 10, is..connected to the ROV suction:

- tool 94 via the first.and 'second bul khead.fjttings

106, 108. The first bul khead fitting 106 is connected
to 25 an upper port 188 on the hot stab 186 via a
wo 2004t i c 1ine 190. Simlarly, the secondP@IUEINH@B4866
fitting 108 is connected to a | ower port 192 on the
hot stab 186 via a hydraulic line 194. The hot stab
disd;%aday\lthm thopardet wutim whishfis areatesbinghe sepand pEaSsYFe

ond i S AR 8 o a0 Bl PP A
186,stepeitichatsly tf theheckesloan mistonhmblanther 44n Ashe résatt, re 30

lochggir plsiomafkactiate e ToskgRin et ohaieirnLddsorbR
|octa<%ﬁe &béfe;aﬂ»% tBYh& 886 82! IMHe kGt StstP i 86 Wyl thebeeridved from

ter the hot stab has been inserted into the hot
thestr%mcmﬂ@ apd replaced with élée éammm@tab@i\/\o 2004/ 041455

i n S(é%%i‘!gp C{é%[]féﬁ % {emb‘v% th%rt%é gfpﬂ'lﬁ fen e t?éé"i’?é%ﬁe' s

ree ca e tree cap
duimeasstab Htis abmyvedwamdal'emadwitfhﬁlet hacd@tab; 22&ﬁ@m t’ﬂsﬁ ROV.

e opeepddel i seiat B2 s Bhenrifeaidpidsded g ofigomn

pistdh cRdnibét LPamaNeraty mmmhoélttﬁm&qﬁgm 30 @@ISchfr@gagement
chanber 150 in the vacuum punp 128 and the eségls%en

wwb itke nekdpmbag Zﬁ@wrpmoyély\ﬂ@sp%eq olbppesds. VaA\f
op%é\q&{z%n& t}% Bt p¥ ﬁl'ngpo Adt éiéb Hfz? id bFe%Eun%?f fo Jﬁ@ssdlﬁ% the

I st o cha be in
pradmntmm bowt 84) andvthdielomén\@ﬂ’@dmmmis $Qout @ﬁ@ﬁtﬁé@e 830 and

e T Hes s s GRRA ifin a
treb %@ptfdile@ stgsed daistabs treépth‘eqierﬁ)rilﬁﬂondmamshtl drel teoauit wgll
ssure is a

d t d h
recefis CRGRISEAN o (o BoRly of buye eREhRGE 1S ply coBpangntRTict

- thdt ?%Pédncﬁb‘é?reﬁ o BREcH RS aSdtREr campbietd Prddded Mefirgt | |

essurize the third pressure chanber 152 in the

compbnmtenclumms |dﬁgei1daog pediarandihy sespad corpopiest isluges a

oy | ke TR PERY b RS A 8 BB B AAEE b prson

* invehtiavbirachs® tHd tvadel cdm)mmmtsamaycba dttached uWnaelghgtth@

depsgind Sitiod 3 15 iRy R3S e Bons ot Rererer Sredts oiative

vaddli® H'gihettﬂﬁes TREREIatiROVhcukf willBsifselthe aphisibANpredauresof a
inthe left nost position, pressure is renoved

surrounding fluid to force the depending portion into the bore and thereby attach

the first component to the second component. For purposes of this application,

the word bore should be construed to include any hole, orifice or other such

cavity within which the depending portion may be inserted. In addition, the word

fluid should be construed to include water, gas, air or any other medium to which

the components or any portion of the components may be exposed.

it should be recognized that, while the present invention has been

described in relation to the preferred embodiments thereof, those skilled in the

~art may develop a wide variation of structural and operational details without

departing frorﬁ the principles of.th_e invention. Therefore, the appended claims

11




fromthe upper port of the hot stab 122 and applled to
the. l'ower -port to thereby pressurize the first:
pressure chamber 140. As the stem 146 and the plston'
142 20 nove to the right, a partial vacuumw I | be
wo foeaied in the second pressure chanber 15G@CTAIS2603/084866

check valve 168 prevents fluid fromflowng into the
second pressure chanber 150 through the vent port 164,

aré tu be pandtiuEd toamvemaivetlivaleatscfatig withirt #hd trine ecogre ambspirit
Q%%raullc line 174, the ball valve 114, the hot stab

of VEMPNul ti mately to the pr oduct i on bore 84 of the
tree 82. Consequently, any 25 fluid in the production
bore 84 wi Il be sucked into the second pressure
chanber- 150. This fluid is subsequently purged to the
sea through the vent port 164 by depressurizing the
first pressure chanmber 140 and pressurizing the third
pressure chanber 152. By repeating this cycle, the
pressure in the production bore 84 can be punped down
until sufficient vacuumis created to draw the tree
cap 10 so down onto the tree 82. Once the tree cap 10
is firmy seated on the tree 82, the needle valve is
closed to retain the partial vacuum bel ow the tree
cap, the ball valve 114 is rotated to its first
position, and the vacuum punp 128 is cycled as
previously 10 WD 2004/ 041455 PCT/ US2003/ 034866
di scussed. Now the partial vacuumwhich is created in
t he second pressure chanber 150 is conmmuni cated
through the ball valve 114, through the hot stab 186,
and ultimately to the | ockdown piston chanber 44. As a
result, the I ockdown piston 30 will actuate the
Iockdomn ring 28 as previously described to 5 | ock the
tree cap 10 to the tree 82. The hot stab 186 nmay then
be renoved from the tree cap 10 and replaced with the
dummy stab 58. When it is desired to renove the tree
cap 10 fromthe tree 170, the dummy stab 58 is
renoved and replaced with the hot stab 122 fromthe
ROV. The upper port of the hot stab 122 is then
pressurized to pressurize the | ockdown 10 piston
chanber 44 and thereby force the | ockdown piston 30

~out of engagenent with the | ockdown ring 28 as

- previously described. The needle valve 64 is then
opened and the | ower port of the hot stab 122 is

i pressurized to pressurize the

C
(N
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producti on bore 84 and thereby drive the tree cap 10
out of the tree 82. Although the present invention has
been described in connection with a 15 tree cap for a
subsea christmas tree, the person of ordinary skill in
the art will readily understand how to apply the
above teachings to any conponent which that person
desired to attach to another conponent. Provided the
GLAIMIS conmponent includes a depending portion and the
second conponent includes a bore which is sized and
configured to receive the depending portion, the

1pr esAmieth@d far mitaghing a frsavmenehbwhicheseprisep atiepesding

eBBibo S 5 3eb B BOmPocy i fubitgs SRER R e B0 o8,

cenfrg{ﬂra:l tmcei;aﬁwd@pemdid@qadmusre thel ?3t ead atcorel %c_ammnmts
t . . ent 1 _
oPirgieBRi 4 i RENR R AltiS Bremurditee MRl e and

~ cbmprisihy trat $tepdiof:t he first conponent to the second

component. For purposes.of this application, 25 the
wor dE S tedpreest eateoRRhbedRie R ol .

or i f¢regtiey a 8bREHressHd wikitvihbboré Wvhioch ividsshhamehe ambient
dependi ng portion .may be inserted. In addition, the
PlfSPWe: f | uid shoul d be construed to include water, gas,

ai I Rhierdia pdislird lferdAtd BetWdehline BRMIGR PRARAM dndPthe
any portion of the conmponents may be exposed. |t

p A I ay P
bereRipssuse Wilkmaye thecdenarding rarlioneintBediase imtherelyeaattachn
H’éﬁﬁ%@ﬁb [ | fon to the preferred '
terrb'?)dl mﬁ%n?ﬁfég@%%%bsrgﬁdsﬁnr.l ed in the art may
devel op a w de variation of structural and operational

det & ' {ai P ' [WpTed :

2o ol o6 Rirkih SoibASh i lep Lt bRy okaF
op @blpasiamss thetepsrippotageed the Boreo be construed to
cover all equivalents falling within the true scope
and spirit of the invention. 12 CLAIMS 1. A nethod

3f or Ehe mettiodgf @l wheosip treeinsenting stepcanmpprisee shastep

o R B adtRpbiShoforfur RGBS RRRERE et gkl b the

dememelingepdriien degéedrorg. portion, the first and second
conponents being exposed to a fluid which is at "an

anbi ent pressure, the nethod

4.  The method of any of claim | - 3, wherein the pressure creating step
‘comprises the step of removing at least a portion of the fluid from the bore.

5. . The method of claim 4, wherein the fluid removal step comprises the

steps of:
‘providing a fluid conduit which extends through at least one of the first
and second components and communicates with the bore; and |
- removing the fluid through the fluid conduit.

6. The method of claim 5, wherein the fluid removal step further

~ comprises the steps of:

providing a vacuum means; and
fluidly connecting the vacuum means fo the fluid conduit.

13
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conprising the steps of: inserting the dependi ng
portion partially into the bore; and creating a bore

‘pressure within the bore which is less than the

anmbi ent 10 pressure; wherein a pressure difference
bet ween the anbi ent pressure and the bore pressure
wi Il nove the depending portion into the bore to
thereby attach the first conponent to the second
conmponent. 15 2. The nmethod of claim1, further

7 ONPHingIAEhbd8f ShFP6 %h&bﬁ%@'v@nﬁu@miﬁ ndm@ @te%tco'nﬁfi‘%tas

one of the depending portion and th
the stepdf providiag mself-opn@inadvadyen means whg:hsez éqdffmently light
f inserting the dependi ng portion
@t{)%@%&@%@?ﬁ%e seal engages both the 20
dependl ng portion and the bore. 4. The nethod of any
f c ' r
B ormpr T dictiod St el eEidng Sk CREf bR (8 FoFH
mduhahicallyllotkiogtivdrrsbeoreponedt td theTdasond chagonénicl ai m 4,
wherein the fluid renoval step conprises the steps
of: providing a fluid conduit which extends through at
9. easThemeetbdd bhaaifn 8,svhereintthe danking) steprpomprises thadteps
0f_ormuni cates with the bore; and renoving the fluid
‘hrough the fluid conduit. 30 6. The nethod of claim
5, wprivitling & hezkfrigyirdfife enat dast bap of thiet firetrandcssepnd ses
the steps of: providing a vacuum neans; and fluidly
CEOWABET®ng t he vacuum neans to the fluid conduit. 13

7. Tb@:vim@@%cﬂﬂowh @ihgafd atbekRivh Hib®n\eROHY BtHYr oV ihéi ng

stgﬁ ses the step of providing a self-contained

figt and serheompenatts: &nduf ficiently 1ight weight to be
carr haflaing B8 [FRdownpiston 8 eﬁgéé’@ﬁerﬁfw@m‘ie RSckasdth il
cl ai further conprising the step o

ito force the lockdown ring into engagement with the {ockmg proflle

10.. . The method of claim 9, wherein the actuating step comprises the step
of:
. creating a pressure within a volume adjacent the lockdown piston
which is less than the ambient pressure; ' '
wherein the ambient pressure will force the lockdown piston into

engagement with the lockdown ring.

11, The method of claim 10, wherein the pressure creating step comprises

the steps of:
- providing-a fluid conduit which extends through at least one of the first

-and second components and communicates with the volume adjacent the

lockdown piston; and
removing the fluid within the volume through the fluid conduit.

12, The method of claim 11, wherein the fluid removal step further

compnses the steps of:
- providing a vacuum means; and
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- nechanically locking the fi-rst conponent to the second

conponent. 9. The nethod of claim8, wherein the

locking step conprises the steps 10 of: providing a

| ocking profile on at |east one of the first and
second conponents; providing a | ockdown ring and a

| ockdown piston on the other of the first and second
conmponents; and ,15 actuating the | ockdown piston into
engagiudiytconnediingtiee vaokdomeans hgthetflvid coreleitt he

| ockdown ring into engagenent with the | ocking
profile. .10 The nethod of claim9, wherein the

481 Tiad hreg]osicﬁmia:mmm wheeeit tre wtoapm mbviddg stepeedrnpiises

t dj t the l.ogkd
Wi S0 PLoioicic s St Bt STl VoS et e LBy B
m@mmb@bm@d@mmoworce the | ockdown piston into

engagenment with the | ockdown ring. 25 11. The met hod
of claim 10; wherein the pressure creating step

QNI AR @Pparaf fBF @Mcmfg a RFsPebiipoiera whidk shrgstReyiat

whi ch_extends throu at |least one of the first anpd
deRNiing BeRYeR e §e°a‘%lﬁ’ H’B@E‘ cRMPRseha bt ks

aﬁea@ﬂabohmﬁ;redi REICHENE tid SESENdiRYbrikeh, TRt B8 8&nd
d within the vol une throu %h the fluid conduit.

E‘Qmp‘?'f'ﬁ“t?@?'ﬁg @xppsed] Bianiluid w § 81 an eRbiant gragsHEieal

Sitalud’do rISmgorrprl ses the steps of: providing a
vacuum nea 14 fluidly connecting the vacuum

rre ansa flgidicasdsit whigh extends through atleestanerdhefirst pad m

W’Wdﬂeﬁ%%nﬂ%%@@&&& WiRnS b&#d, GRAPY | ses the
roviding a se cont al ned va¢uum neans whi ch
| S s uneaes erfluid/,comghnicatiormeitiy e fluid bendsdirfoi andyngaat

@m%%p&ﬂ'cnﬁ?tr%%ﬁcﬁ%ﬁth&%reattaCh' ng a first conponent

whereln when the depending portion is inserted partially into the bore,

‘the fluid removingmeans will create a bore pressure within the bore which is

less than the ambient pressure; and wherein a pressure difference between
the ambient pressure and the bore pressure will move the depending poriion

-into the boreto ‘théreby‘_attach the first component to the second component.

15. - The apparatus of claim 14, further comprising a seal which is mounted
. on-at least one of the first and second components and is a"dapted 1o seal
between the depending portion and the bore.

16. The -app.aratu's of claim 14 or 15, wherein the fluid removing _meeins
comprises a vacuum pump. |

17.  The apparatus of claim 16, wheregin the vacuum pump is mounted on a

“suction toot which is sufficiently lightweight to be carried by an ROV.

18.  The apparatus of claim 16 or 17, further comprising. means for

actuating the vacuum pump.
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dependi ng portion to a second conponent which
conprises a bore that is sized and configured to-
recei ve the dependi ng portion, the first and second 10
conmponents bei ng exposed to a fluid which is at an
anbi ent pressure, the apparatus conprising: a fluid
conduit which extends through at | east one of the
first and second conmponents and comruni cates with the
Hor e; Thardpparans of eldirm Uisd wherainutheGRiuating Whédnhstdoendrises €
30@9 }t for renoving at 15 least a portion of the

VEiRY"s PERYITRSCHSPe; wherein when the depending
portion is inserted partially into the bore, the
f|UId enDV|n will create a _bore pressure
RDC i T Repasails SL AR TosurinaS aopREg MeaRiifont
I@b@tﬁﬁ}ﬂﬁc%hn?ﬂié Wilﬂicrbrésd%@%&f&@ t&tﬁef@baaﬁ%m ween
the anbi ent pressure and t bore pressure will nove
t he dependi ng portion 20 |nto the bore to thereby

- a4t achind Aspdrhiuslor erasm QGeﬂheFeﬂ] ﬁqe%oﬁﬁﬁm@atm

15. Teag paratus of claim1 further co r|S|nga
SAPTSHH & hof tavanifeld whieh latflure&)agan@ﬁaeddﬂ therwaquunspump.
and second conmponents and is. adapted to seal between
t he dependi ng portion and the bore. 25 16. The

8Bpar Besappstralys anynef glaiss 19 2hiwherein the dydiavlicpressure
56urRY MOWR?E %f\ qﬂ@g'vﬁﬁ@ ﬁlcmg%" %rno?% th:}t7|s aggﬁted to be

apparat us o e vacuum p

rasetveddn the hot sw manifaldto mecdby\nmcﬂw:ormacumfel hydemﬂuby
by an ROV. 18. The
#g@?gfgggm&t&%@%&%@%&% further conprising neans
for act uat| ng the vacuum punp. 15 19. The apparatus

ein the ac neans conpri ses a
R e 2o G Bl Haind i A e PR g8 o1 o m
19, faJhdxthMb barewhich isdn ﬂaﬂrt&rﬁmmnséatmmﬁﬂmh@aﬁﬁd@ﬁdhﬁ
h%graul icC pressure source to the vacuum punp. 21. The
aratus of claim 20, wherein the communi cati ng neans
conpra Retstdb Which 34 MlidyRBhhGdIed Whiheabeurhlpuint;y

connected to vacuu
whergin the }mt stab ?s a ap?ec{% be received in the hot stab bore to

‘therebyﬂuldly connect the vacuum pump to the fluid conduit. -

24.  The apparatus of any of claims 14 - 23, further comprising means for
selectively opening. and closing the fluid conduit.

25. The apparatus of claim 24, wherein the opening and closing means
comprises a needle valve.

. 26. The -apparatus of claim 25, wherein me needle valve may be actuated

- byan ROV.

30

27.  The apparatus of any of claims 14 - 26, further comprising means for

~ locking the first component to the second component.

28.  The apparatus of claim 27, wherein the locking means comprises:
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10 22. The apparatus any of clainms 19 - 21, wherein
the hydraulic pressure source is nounted on an ROV
whi ch includes a hot stab that is adapted to be
received in the hot stab manifold to thereby fluidly
connect the hydraulic pressure source to the vacuum
punp. 15 23. The apparatus of any of clains 16 - 22,
further conprising: a hot stab bore which is in fluid
COMUAideingProfite iwhidH e Iddatdcdtort 6Mslbi the firstRdd ebstid st ab
which is fluidly connected to the vacuum punp; wherein
camppaBentsiang i s adapted to be received in the hot stab

bore 4 RyckdOwh KRG whcH b lgbbﬁh&nébp&'ﬂﬂ'@ oth&Sof RS ird Mt datohd
the fluid conduit. 24. The apparatus of an cl ai ms

1 of
¢amponents and isedapieshiorengiagg thplesking profile s té@&ebv {qdk the
i i ,d conduit. 25 25. The.
g%gg?@?ﬁ'z&g#& tﬁ%éﬁgﬂeﬁwﬁgﬁrﬁn t he openi ng and cl osi ng
means conprises a needle valve. 26. The apparatus of

ghai [ : & be actuated by
B N syl of offn D8 R el F Ol e e 14 -
26, falockdown pistort whioly isngasitionedon the oltien gf thidirstiandt

. . . The appar at us
g? cag:l% %@%nﬁ@@%ﬁ?ﬂ%&&%%ﬁ@b&ﬁ%s conprises: 16
a | ockeans for atiuatingtiiedbckdewinqiistoe thio engagenodnt e the r st

cond, . nent.s; a.laock in hch.is
BRaE Ao R BRI Rp B o frro BREEGH Mty BB HReRing
pwfilponent s and i s adapted to engage the | ocking
profile to thereby lock the 5 first conponent to the
second conponent. 29. The apparatus of claim 28,
sour t HEre qsppatus ionglaing 20 ORhslteinthpiastuatingvhieahs tomprises the
osi tioned on the other of the first and second
KERP@N%dj acent the | ockdown ring; and 10 neans

for actuating the | ockdown piston into engagenent with

. the
231, The apparatus-oflaim 30, further comprising:

a second fluid-conduitwhich extends through at least one of the first

-and second compaonents-and-communicates with a volume adjacent the

lockdown piston;
wherein the removing means is selectively fluidly connectable to the
second fluid conduit to thereby create a pressure within the volume adjacent

the lockdown piston which is less than the ambi_ent pressure; and

wherein the::ambient@pr«essur‘e-wili force the lockdown piston into

engagement with the lockdown ting.

32. - The apparatus-efsany-ofsclaims 14 - 31 in which the first component

comprises a tree cap.

33. The apparatus of claim 32 in which the tree cap comprises a
depending seal plate which:comprises the depending portion.

- 34.  The apparatus of claim 32 or 33 in which the second component

comprises a subsea Christmas tree.

17
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| ockdown ring to force the | ockdown ring into
engagenent with the locking profile. 30. The
apparatus of claim 29, wherein the actuating neans
conprises the 15 renoving neans.. 31. The apparatus
of claim 30, further conprising: a second fluid
conduit which extends through at | east one of the
first and second conponents and conmmuni cates with a
vol ume adj acent the 20 | ockdown pi ston; wherein the
removing neans i s selectively fluidly connectable to

Fne T§8@@ﬁaraﬁwwfﬁf%Mﬁntwm@hM@%9 depaadiag gostioa s e
biehihdbriel8nty the! H&eaﬂieatﬁggéurem%réﬂfé@%%mﬁﬁ’ kil é’rﬂb‘\é’ﬂi ch

is less than the anbient pressure erein
PEGYSUER ﬂn%tf@stsqw eregishre wiirhold theetrea:@amamtaph@eatrwmhm

ChrisEh gent with the | ockdown ring. 32. The
apbarg€g§ of any of clains 14 - 31 in which the first
conmponent conprises a tree cap. 30 33. The apparatus
of claim32 in which the tree cap conprises a

. dependi ng seal plate which=conprises the dependi ng

portion. 34. The apparatus of claim 32 or 33 in which
t he second conponent conprises a subsea Chri stnas
tree. 17 35. The apparatus of claim 34 in which, when
t he dependi ng portion has been inserted into the
bore, the pressure difference between the ambi ent
pressure and the bore pressure will hold the tree cap
in attachnment with the 5 Christmas tree. 18
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