2247707 1 DEVICE FOR INSERTING TUBULAR NENBERS TOGETHER ThIS |nvent|on
relates in general to oilfield tools for use in subsea wells, and in
particular to a device for assisting in inserting an upper tubul ar nember
into a lower tubular member 5 within a well. There#dfe occasions in oi
wel | operations when an upper tubul ar nember needs to be L[DVEere® iAfd T he
wel | and stabbed into engagenent with a jfower tubul ar nenber. For exanpl e,

in one type of subsea 10 well tieback application, a casi ng will be
| ocat ed bel ow t he ﬂﬁf&ssﬁéﬁafﬁsﬁﬂgﬂ%t tf'u’%u?. ing. This (
smal | er dianeter ca frs—o : | head at '

the sea floor. The operator Iovvers an upper stri ng fromthe surface of 15

the sea down into engagemegs i th u%g“% r fg?ﬁ% st g fasidferdfi S eback
a e

operation requires sone type of se twe upper stTing and t
| oner casing. ¥ktEleld. Eealssc Py auselediny aBubS9R s W8LhSwel PREad in

zl\a/@tol : catlfms hFertECuDart ko Ia.oneewtae %anagaﬂeﬁﬂﬂgt axelﬂsémihg {sﬁaltsth
al seals require a ver | mal |y, reqU|re a e
upper tubul ar ‘?&%’é gﬁalm% yﬁ“@rf@rlﬁ Femg‘e{b e BEOPSIc (he
| ower tubul&r witiytn anwahanterference fit. Pushing the two rrenbers
together can 25 cause damage to the seals because of the interference fit.

Also, even i 2 9o0d metalmigegehsl sealaditng it SEfl walil! Berkidord ot

ti eback operatjon, testing procedures may require per string 30
be di sconnecWRRP apr yppex; jubulax pembar, ppgds tohdhe loweked into

the well and stabbed into engagement with a lower
tubular member. For example, in one type of subsea
10 well <tieback application, a casing will be 1located
below the water surface and within a larger diameter
casing. This smaller diameter casing has an open upper
end located at the wellhead at the sea floor. The
operator lowers an upper string from the surface of
15 the sea down into engageinent with the upper end of the
casing.' This tieback operation requires some type of
seals between the upper string and the lower casing.

Metal-to-metal seals are desirable in

. subsea wellhead applications because of the long life
20 as opposed to elastomeric seals. Metal seals require a
very tight fit. Normally, this would require that the

upper tubular member have seals which interferingly (

engage the seals of the lower tubular member in an
interference fit. Pushing the two members together can

25 cause damage to the seals because of the interference
fit.

Also, even if a good metal-to-metal seal
is obtained . during the first tieback operation,
testing procedures may require that the upper string

30 be disconnected from the ' lower string, then
reconnected again. The metal sealing surfaces might be




reconnected again. The netal sealing surfaces mght be 2 damaged by the
sliding interference fit, detracting fromtheir ability to seal on '
reconnection. In this invention, a running tool is enployed when engagi ng
t he upper tubular menber with 5 the | ower tubul ar nenber. The running tool

has a tubul ar "sidewal |. Seals are |located,on this sidewall. The running
tool will be positioned opposite the seal ?ng section of the upper tubul ar
menber at the surface. The sealing section of the upper string will 10 be

| ocat'ed on a side opposite the side engaged by the seals of the running
tool-. The seals of the running tool will result in a trapped or |ow
pressure area belamaged hbyscthe . shddinguninterferencec fidi,| , debvagtingng 15

section of the URRSH €HENF AbIBIREtdVddald o ditssithddduiflr ostatic fluid in

the well. This hydrostatic fluidwill exert a large pressure force. The |ow
pressure area between the r seals will be isol ated t he

nni nq .t ool fro
hydrostatic  pressure. T#é‘ %P&smi‘m'f f éerﬁ‘?’éﬁf‘éﬁzro§%°f1heiﬁpper
t ubul ar nenber smplwmtdd rwheht engagingetthencuppes ortabulalri menbsbml withce

tends to pus thﬁ1 %e | i S ' tomﬁg he R : | engt h
and thi cknesrs\5 of ea'sc,’ea ingﬁ%giggec ron %f t lggvu%é’ér H ulqzrg(riﬁrreirgggr igs
sel ected so thattuhulqy |sideyabl. jSealst are Jocatede aii fthkensidewalhe
deflection is enmgh iy’ Wi1SeH#1110Ube0f pbBiR16REANCEpEEBLEE! - the
Preferably, a sl |eght cl earance . . _ .
sealing section of the upper tubular member at the
surface. The sealing section of the upper string will
10 be located on a side opposite the side engaged by the
seals of the rt_mning tool. The seals of the running
tool will result in a trapped or 1_ow pressure area

between the seals.

When running into the well, the sealing

15 section of the upper tubular member will be exposed to

hydrostatic fluid in the well. This hydrostatic fluid

will exert a large pressure force. The low pressure

area between the running tool seals will be :l.soi_ated

£from the hydrostatic pressure. The pressure

20 differential across the upper tubular member sidewall

results in a net radial force. This radial force tends

_ to push the sealing section toward the low pressure
~ area.

_ - The :L_engi:h_ and i:h:lckness of the sealing-
25 section of the" upper"' tubular member is selected so
that it will defiéct under this pressure differential.
The deflection is enough to draw the seals out of
" | _ interference cd_hta_ct. : Preferably, a slight ‘clearance
exists as the upper tubular member 'enQages the lower
30 tubular member. Once in place, the running tool will
" be pulled upward. Pulling the running tool upward



exists as the upper tubul ar nenber engages the | ower 30 tubul ar nenber.

Once in place, the running tool will be pulled upward. Pulling the running

t ool upward

sealing 5 engagenent with the sealing surface of the | ower tubular
Figure 1 is a quarter sectional

3 equalizes the pressure across the sealing section. Wth
the force renoved, the resiliency of the upper tubular nenber in the
sealing section will cause the sealing g section to spring into t

accordance with this invention and shown in an initial insertion 10
position. Figure 2 : S qa arter sectional view of the device of Figur
o

showi ng the ufise

nBRBEsUre | fGTo8s - the fHealing.  epctind..

I ght

menber .
view illustrating a device constructed in

QN

e 1

Figure 3 is awWdthv thet Iforba/ i remoted| Jthe lPedilténdy Nnof heha PRppeand

| ower nenbers

omoved. Ret orfiinttad "BEAREE i Nafb TaGA1 b mcRilnl Vi1 Bhid. She.

within a well

sankingide®egtioni n§o35 spring ordnyton Riighte 3pealdngr

tubul ar 20 grerdigjagematit | widte! Yokl dimidniy’ ﬂi‘kd&hao‘?r% Oh oGa%!

havi ng an outer dianeter of fromseven to twelve 1nches. The |lower tu

menber 11 has

LmembRr 43 and a bore 15. The bore 15 and the out

side 13 are imersed in well fluid and thus exposed to 25 hydrostatic

pressure. The upper end ofFigume 151 i sig ssvofharyérndsbetionadl i Raewur f ace.

Lower tubul ar
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illustrating a device constructed in accordance with
this invention and shown in an initial insertion
position.

Figure 2 is a quarter sectional view of
the device of Figure 1, showing the upper and lower
members fully inserted within each other.

Figure 3 is a view of the device of Figure
1, showing the upper and lower members fully inserted
within each other, and the running tool being removed.

Referring to Figure 1, a lower tubular
member 11 will be located within a well surrounded by
casing 35 (shown only in Figure 3). Lower tubular
member 11 will likely be the upper end of a string of
casing having an outer diameter of from seven to
twelve inches. The lower +tubular member 11 has an
outer side 13 and a bore 15. The bore 15 and the outer
side 13 are immersed in well fluid and thus exposed to
hydrostatic pressure. The upper end of bore 15 is a
smooth cylindrical sealing surface. Lower tubular
member 11 has an open upper end 17. The upper end 17
will be located in the subsea wellhead (not shown)
generally at the sea floor. Riser (not shown) extends
from the wellhead to a drilling vessel or platform at
the surface.

bei ng
at ed

ng
bul ar
er
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menber 11 has an open upper end 17. The upper end 17 will be located in the
subsea wel | head (not shown) generally at the sea floor. Riser (not shown)
extends 30 fromthe'wellhead to a drilling vessel or platformat the
surface. 4 An upper tubul ar nenber 19 is shown being lowered into
engagement wi'th the |ower tubular nenber,11. The upper tubular menber 19 is
the lower end of a string of casing used to forma-tieback with the lower 5
tubul ar menber 11. The casing sections of the upper tubular menber 19 will
ex&eﬂd toadrilling platformat the sea surface. The upper tubul ar nenber
19 has a snooth cylindrical bore 21. A sealin SECtlﬁg | ocat es on ihe 10

outer side. The sealing sedf JPREFpFIRRLAF R g shqwm, ke
preferably inowdfed iftSPa@ngagéméntCuwithr ahe alowean deulifl arSanémber bands

23 have snooth ¢ I| drlcal ou e laneters_a rotrud ter side

of the upper t g i’%gaﬂ ﬂﬁ"&gtbzﬁdg' hLaé 2’ %e%qws(g%cgd

aloar Lt}‘rom ea;:l‘stt:htg oﬂ'hﬂasﬁnﬁmmtba:bﬂlsfmmmgbwlamidn that lower

slightly gr e te an
S E:%uﬁ 'S F'%Pgra?er ence %a@c:ln?g I n t ﬂé of %éouﬁESﬁ

interference fi 't may range fro out ten

-t housandt hs t o tabulax ymembesadd: Hé”dn extend ta, %I%‘t cplatfors qy
al so be used i nggOopheNséa OsurEdde he metal sealing bands 23. The axi al

length fromthe upper seal ing band 23 to the | ower sealing band 23 is at
| east equal _ The upper tubular member 19 has a smooth
cylindrical bore 21. A sealing section locates on the
10 outer side. The sealing sect:l'.'ox'i comprises metal-to-
metal seals, preferably in the shape of
circumferential barids 23. Sealing bands 23 have smooth
cylindrical outer diameters and protrude from the
outer side of the upper tubular member 19. Sealing
15 bands 23 are axially spaced apart from each other. The
sealing bands 23 have a diameter that is slightly
greater than the inner diameter of the bore 15 so as
to create an interference fit. This interference fit
may be in the range from about ten thousandths to
20 fifty thousandths on a side. An elastomeric seal 25
‘may also be used in conjunction with the metal sealing

bands 23.

e _ The 'ax:l.al length from the upper sealing
| band 23 to the lower sealing band 23 is at least equal
25 to the outer diameter of the upper tubular member 19.
The wall thickness of the upper tubular member 19 from
the bore 21 to the spaces between the sealing bands 23
is preferably from about three-eights to one-half inch
_ for outer diameter sizes from seven to twelve inches,
30 - reSpectively.



E e i o I - - —

25 to the outer dianeter of the upper tubular menber 19. The wall thickness
of the upper tubular nenber 19 fromthe bore 21 to the spaces between the
seal ing bands 23 is preferably from about three-eights to one-half inch for
outer dianmeter sizes fromseven to twelve inches, 30 respectively. 5A
running tool 27 is enployed to assist |rb| nserting the upper tubul ar nenber
19 into the | ower tubular nmenber 11. Running tool 27 is a tubular nenber.

It has an annular recess 29 on its outer side, 5 which locates in the up
per tubul ar menber bore 21 opposite the sealing bands 23. Upper and | owesr—
annul ar seals 31 | ocate above and bel ow the recess 29. The seals 31 are

axi al |y spaced apart a di St aFuRning teeli RZnishenployedetoe sadist Ha net al

seal i ng bands PrisedOinyethen ugper U&ﬂbﬁﬂai'nnﬁﬂbbki QY S{R¥s itﬂeFiJQWé%r 1, the

upper seal seal i 23 and the | ower seal
BEpwi Il be spa%&e%’kﬁgfow%egﬁ/ % %per‘“dnc? | feulan, s 31

are 15 el astormheandl‘hahcasahf annumarc:pebabl 29 on dta cagermsEide,several

means for i S0l o i) e Hooe Fﬁgeﬁ'iﬁk‘éel b PR C rubi i alaBle " pond 2T 1o

surface, the pPRRQ%E heepiingsbapdso2di.n Upperaemds Jiomex: annulawan be
evacuated to aamduslcondeiten dﬁ‘ov%eceﬁaaluudm thé Teddgid 29.P i on,

the | ower end of he unnln tpol. 27 can abut alnst an i nt er nal oulder
33 fornmed on tH i 31" 'are ‘axia ly s °°3 istance greater

than the axial extent of the metal sealing bands 23.

10 When in the running in position shown in Figure 1, the
upper seal 31 will be spaced above the sealing bands
23 and the lower seal 31 will be spaced below the
sealing bands 23.

The upper and 1lower seals 31 are
15 elastomeric and have sufficient capability to seal
against several thousand pounds of pressure
difference. The seals 31 will serve as means for
isolating the pressure in the recess 29. When
installed at the surface, the pressure in the recess
20 29 will be atmospheric or it can be evacuated to a
vacuum condition i1f necessary. In the running in
position, the lower end of the running tool 27 can
abut against an internal shoulder 33 formed on the
upper tubular member 19. A recess 34 in the interior
25 of the running tool 27 serves as means to move the
running tool 27 upward relative to the upper tubular
member 19.

In operation, the operator will install

the running tool 27 within the bore 21 of the upper

30 tubular member 19,.as shown in Figure 1. Pressure in
the recess 29 will be at atmospheric. The lower end of
the running tool 27 will abut the shoulder 33. The



upper tubul ar nenber 19.. A recess 34 in the interior 25 of the running tool
27 serves as neans to nove the running tool 27 upward relative to the upper
tubul ar nmenber 19. I'n operation, the operator wil| install the running tool
27 within the bore 21 of the upper 30 tubular nmenber 19, as shown in Figure
1. Pressure i'n the recess 29 will be at gatnospheric. The |lower end of the
running tool 27 will abut the shoul der g The 6 upper end (not shown)
of the running tool 27 will be located a short distance above the sealing
bands 23. The recess 29 will be opposite the sealing bands 23. The operat or

will then | ower the sections 5 of the upper tubul ar r 19 i he
riser (not showpperemdg(nekniown)o Q £ %bmglﬁé iﬁ] ﬁ’gi’

| owered in the Jhodtedt e shiorti ELstice7abbvé thERisealing amder 280si ti on

| ocated within the bore 2 per_tubul ar, nme upper 10
tubul ar nenmber izé)n‘f%{]fh%grqg%? ?Eﬁt%ﬁiﬁebsﬁqéeh% P

I ncrease. The bore 21 of the upper tubular menber 19 is exposed to mell
fluid. This hydrostatic fl Ufhe vepérater owilhe thenl |1my€t¥anm3 2g8ecthensgeal s

31, ho t
-‘Conseq\tlj\g\r/\telr % 5' S6f Althe h& egﬁpﬁgap © 10 £l oghal 'ﬂseﬁ)r Q‘ﬁ&%r e.

and the at nosprﬁhwgréggéiégl ﬁ°7"§£?ggt§| %‘9 e mibren \"%ii%ﬁ;t essure
__rTﬁSU' ts : n| a raﬁé%YlShéQéaedrﬂ relE Origees ehet liﬁn‘M.hlg roots 2'3 w2m1
e axia enat anfnwin :I:[trg nesl§ %si@fon located within the bore
21 of the upper tubular member 19. As the upper
10 tubular member 19 descends into the riser, hydrostatic
pressure will increase. The bore 21 of the upper
tubular member 19 is exposed to well £fluid. This
hydrostatic fluid will act on the sealing bands 23.
The seals 31, however, isolate the recess 29 from this
15 hydrostatic pressure. Consequently, a pressure
" differential between the hydrostatic pressure and the
. atmospheric pressure in recess 29 will gradually build
up. This results in a radially directed inward force

on the seal bands 23.

20 The axial length and wall thickness of the
sealing section at seal bands 23 is selected,
considering the expected hydrostatic pressure, so that

~ it will begin to deflect at least by the time the
' upper tubular member 19 reaches the lower tubular

25 member 11. The deflection 37, shown exaggerated in
'Figure 2, is preferably enough to allow a clearance of
the sealing bands 23 as the upper tubular member 19

-glides into +the lower tubular member 11. The
deflection 37 in the upper tubular member -19 draws the

30 sealing bands 23 radially inward. The recess 29
accommodates this inward movement. The deflection is
within the elastic range of the steel material of the



seal ing section at seal bands 23 is selected, considering the expected
hydrostatic pressure, so that it will begin to deflect at |east by the tine
t he upper tubul ar nmenber 19 reaches the | ower tubular 25 nenber 11. The
defl ection 37, shown exaggerated in Figure 2, is preferably enough to all ow
a clearance of the sealing bands 23 as the upper tubul ar nenber 19 slides
into the | ower tubular nmenber 11. The deflection 37 in the upper tubul ar
menber 19 draws the 30 sealing bands 23 radially inward. The recess 29
accommodates this inward novenent. The deflection is within the elastic ~

f th t | 19 t
avor d Bermﬁeﬁ'ﬁﬁ*f oruBlAZ: ChekBer, 19 (RECad ¥ VPR PermaRgrt b

19 wi || appeaBeformadi®n.n Figure 2. The 5 pressure differential across the
seal ing bands 23 will keep the sealing bands 23 out of contact with the

bore 15. The operator theuﬁadl fgngggllgsbggeaealtgg ngaggg t BEbh YRR NY
t ool 27 upmargEH%gFShgpn g Elgure . This can be I N varlous ways.
In one way, a eviidli cBPPRAG: 2RO #OWR ddhy EAGUERal 2nat The wil |
be | ower edSt hpregisuriee diffardntiial scrogethe sesling bendst 23ng112. The
retrieving to I I 0 nner. The
operator w || S}Lﬁyn ép‘ﬁﬂe%e %%\%f@)l@#%vﬁﬁtﬁé Yﬁ@% Fﬁﬁ sﬂﬁﬁl ng
tool 27 noveslBsodhe eperatomthemeills ensxgixe ctharsesltby mppingt ubul ar
merber 19 at iche TtmniMg RHEES B uvdre U [difodl DPR1GUAES3. TRR1s
can be handled in various ways. In one way, a
10 retrieving tool (not shown) of conventional nature
will be 1lowered through the bore 21 of the upper b
tubular member string 19. The retrieving tool will
engage the recess 34 in a conventional manner. The
operator will then pull the running tool 27 upward.
15 Once the running tool 27 moves above the sealing bands
23, pressure across the upper tubular member 19 at the
sealing bands 23 will equalize on both sides. The
resiliency of the upper tubular member 19 at the
sealing bands 23 causes the sealing bands 23 to spring
20 back outward to its natural position. The cylindrical
outer diameters of the sealing bands 23 will contact
the bore 15 in tight sealing engagement.

If testing requires that the upper tubular ~
member 19 be subsequently disconnected and
25 reconnected, then the running tool 27 may remain
within the bore 21 a short distance above the sealing
bands 23. The process of deflecting the sealing bands
23 radially inward can be repeated by lowering the
running tool 27 again against the shoulder 33. Once
30 testing has been completed, the operator will pull the
retrieving tool to the surface, bringing along with it
the running tool 27.



resiliency of the upper tubular nmenber 19 at the sealing bands 23 causes
the sealing bands 23 to spring 20 back outward to its natural position. The
cylindrical outer dianeters of the sealing bands 23 will contact the bore
15 in tight sealing engagenent. If testing requires that the upper tubular
menber 19 “be subsequently -di sconngcted and 25 reconnected, then
the running tool 27 may remain within the bore 21 a short distance above

t he sealing bands 23. The process of deflecting the sealing bands 23
radigl |y inward can be repeated by | owering the running tool 27 again

agai nst the shoul der 33. On 3 testl as | e ed th er at or
will pull the retrieving to@ﬁetg' Q@@s i?ﬁg?ﬂg Wﬂﬁ%?d%?‘the
runni ng tool 27The abvibavepreserhas stlgal fmetal eahalraa@nd Eeraldmg ce

reserves the I “aﬂﬁ r
genbers are |ng§??53&§%t§n§ggh ot dé @?ﬁfa#h ee?ge ?é&b t he seallng
5 section backipteneesk ether, °§@PP&@@ devieee Arawso e seadiaiad

damage during i geetiLban badk | Qrbhe tna/eaéammn agurRitad 04N guE fAdientne of
to th se skilled in the art that it is not

ts f t should,b
gosliﬁ{ggd,lbufagg g gﬁgggﬂéﬁb ampge, PF&H? LRERGELON; t hout departing from

the scope of the invention. For exanple, rather than the upper tubul ar
menber inserting into a | owdhilebther invehtiont hasupgen shbwhadnmemler

~could slide OVepnbheof PR { ¥ond, "FfP%hould be apparent to those
' skilled in the art that it is not so limited, but is
10 susceptible to various changes without departing from
s ' the scope of the invention. For example, rather than
the upper tubuiar member inserting into a lower
tubular member, the upper tubular member could slide

over the upper tubular member.

N



CLAIMS: 1. In a well, a lower tubular nenber with a.sealing surface | ocated
in the well, an upper tubul ar nenber which inserts into engagenent with the
5 |l ower tubul arr nmenber- during running in, the upper and | ower tubular

menbers bei ng exposed to well fluid pressure, an inproved neans for. sliding

the upper tubul lwmlm"m;agerrenb with the |ower tubular menber,
conprising in c t he upper tubul ar menber haV|ng
a first side and a second"si%le,* the second side havi ng a sealing section
which mates with the sealing surface of the | ower tubular nenber; a runing
tool having a tubular sidewall; 15 axi ally spaced apart seal
means | ocated on _the running tool sidewall for sealingly engaging the first
side of the ugMSibul ar nenber above and bel ow the sealing section during
running in, for defining a | ow pressure area between the running tool and

the 20 first side whi ch iq.i 3ol ad ewellpmat lowesl [tubuliar Wewithe
seal i ng secti n p ul er ex well| fluid
pressure duri % ihi E‘f %%rfé'ﬂ% ?‘ﬁ&%?a 5‘?‘ g&? ﬁgi‘iére e 3PPHEs 25
t he upper tubmmmmnaerss dnto engagemesit|withetbher and
the sealing s g‘,%&n ,hPﬁ rifi ar. e en the
first side ang't e sealing section ggl ngssel ect(lé‘hulllllJ betrgf cfgnth y thin
so as to al | oAOWar stubulars -eembars, being; axpgsed to well fluid
pressure, an improved means for sl:l.ding the upper
tubular member into engagement with the lower tubular
member, comprising in combination:

10 the upper tubular member having a first
side and a second side, the second side having a
sealing section which mates with the sealing surface
of the lower tubular member;

a running tool having a tubular sidewall:;

15 axislly spaced apart seal means located on
the running tool sidewall for sealingly engaging the
first side of the upper tubular member above and below
the sealing section during running in, for defining a
low pressure area between the running tool and the
20 first side which 1is isolated from the well fluid
pressure; ~

the sealing section of the upper tubular

member being exposed to well fluid pressure during
running in, resulting in a pressure difference across

25 the upper tubular member between the first side of the
tubular member and the sealing section, the thickness

of the upper tubular member between the first side and
the sealing section being selected to be sufficiently
thin so as to allow the sealing section to resiliently

"



deflect radially toward the | ow pressure area due to the pressure
difference, to reduce sliding contact of the sealing section with the
seal ing surface as the 'upper nenber slides into engagement_vah—t he— ower 5

t ubul ar nenber; and neans  for el i mnating t i fference
across the upper tubul ar nenber between t fi rst mgm&@,% I ng
section after the upper tubular nmenber ha reached 1t e ti on
with 10 the | ower tubular nmenber, allow ng the sealing section to nove
radisal I'y i nto engagenent with the sealing surface. 2. In a well, a |lower

t ubul ar nenber having a sealing surface |located in the well, an upper 15
tubul ar menber @Rfipctnyadialln cteward cthat 1amw lpRersungcereabdugr trenber

the upper and | gx@r p&‘dﬁﬂu&b AR, 0es ¥ PodEEe t 81¥81hg' bdntaitetire in
the well, an i ve ans for I|d| t he upper tubul ar rrerrber i nto
te 8 H‘J&h

engagenent. with g uBeFLto JEheiuBrASINgn URFICR B8nPh%i ng
i n conbination: upberummbévbldmwntﬁtohammmémr swithdethed Ioweacond

side, the segco a_sgal ing section which mates with the
seal i ng surf§ceggpaélgg P’%?gt’ugﬁﬁ menber: 25 a running tool

Having a tubular sidewall; a pair of axially spaced apart annul ar seals
|l ocated on the running w®eans siforal | elisinagsingngl Fhengagnepsure fir st

si de of the uppgyfifakehte ER¥D85 he'eppad Rebular'mehdel HetWdidn Fheluring
30 running |n . first side and the sealing section after the upper
" tubular member has reached its engaged position with
10 the lower tubular member, allowing the sealing section
to move radially into engagement with the sealing'
gsurface.

2. In a well, a lower tubular member
having a sealing surface located in the well, an upper
15 tubular member which inserts into engagement with the
- lower : tubular member, the upper and lower tubular
members being exposed to well fluid pressure in the
well, an improved means for sliding the upper tubular
member into engagement with the lower tubular member

- 20. during running in, comprising in combination:

_ the upper tubular member having a first

N side and a second side, the second side having a

| sealing section which mates with the sealing surface
of the lower tubular member:

25 _ a rut_ming_:too]_. h_aving_ a tubular sidewall;

a pair of 'axi'-ally' spaced apart annular
'seals " located on the running tool sidewall for
sealingly engaging the first side of the upper tubular
member above and below the 'sealing section during

30 running in;



the running tool sidewall and the first side of the upper tubular nenber
havi ng an annul ar recess between them during running in, the seals of the
runni ng tool being | ocated above and bel ow the 5 recess during running in;
the seals of the r ' ﬂ“!m“‘mm' ing a low pressure area in the recess
bet ween the runni r{ﬂ““ﬂ rst ﬂ'de of the upper tubul ar nenber
which is isolated frorfitthe Mydfostatic pressure of the 10 well; the sealing
section of the upper tubul ar nmenber being exposed to well fluid pressure
during running in, resulting in a pressure difference across the upper .~
t ubul ar nenber between the | ow pressure area 15 and the well fluid

pressure, the thickess ofth@e runndng y5eedr sidMallbeaRdenthfe §ir8% side
and the seal i gfaée@f othBeiiipée tubilarO Mémbet | iHaviltg Vahhidhfilass to
all ow the sealing section to resiligently deflect ridiall towaﬁd the | ow
pressure aregﬁg’?OW%‘ é s QUFLNG: rEpRning 4B, SR - 88R irfb‘econt act
of the seal i ntheeatiroring t toble being ndosatied: cabove handpbelowbutlee nenber
slides intQ e | h::Ilaﬂi .LLubular nmenber; and the running tool
seal s bei nﬁ rmi £véag gegér%war réﬁ\gﬁi\'/e to the upper tubul ar nenber after
t he upper tubul ar nmenber has reached its engaged position with the | ower
tubul ar menber, to equal i taet M@} Scafr Ehge NG ctophbeAefindng: Brenber
fi g_st | lSI de anﬂoﬁeaiﬂmw_taﬂaahald owlu_eg:ws?eeﬁéﬁeaaecmn Fhthgove
radially into,ggaqeiP ind! \lret® S8 ' BY e AGper tubuler memver

which is isolated from the hydrostatic pressure of the

10 well;

the sealing section of the upper tubular

member being exposed to well £fluid pressure during

running in, resulting in a pressure difference across

the upper tubular member between the low pressure area

15 and the well fluid pressure, the thickess of the upper

tubular member between the first side and the sealing

section being selected to be sufficiently thin so as

to allow the sealing section to resiliently deflect

radially toward the low pressure area due to the

20 pressure difference, to reduce sliding contact of the

sealing section with the sealing surface as the upper

tubular member slides into engagement with the lower
tubular member; and ' ~

the running tool seals being movable

25 upward relative to the upper tubular member after the

upper tubular member has reached its engaged position

with the 1lower tubular member, to equalize the

pressure between the upper tubular member first side

and sealing section, allowing the sealing section to

30 move radially into engagement with the sealing
surface.



12 * c LL M. S * 3. In a well, alowertubular menber
| ocated in the well with an upper open end and a sealing surface, an upper.
t ubul ar nenber which inserts into engagenent with the | ower tubular nmenber,

the 5 1ower tubular nenber and the upper tubul ar Ii ed to
wel |l fluid pressure, an inproved neans fﬁ; sli d| m immnlg Ij”“nﬁbul ar
menber into engagement with the [ower ™ tubular mefrbel Y'nd runni ng
i n,...conprising in combination: 10 t he upper tubul ar nember
havisng a first side and an second side, the second side having a sealing

section with axially spaced _apart netal seal [ ng bands which mate with
the sealing surface of the BowelPt BdulW¥8lheniter lawedh AubHarseMmemberhands

15 having a di anBtatedriiM &the NGELLI Giitlhaknhagp ?@rl ra;ﬁxieéaacearidt awi th
ar

th | f . h b d f
annul o soa) o | BRRLBEGRUERBCS, (BN HPDes! LY mRmRR Mo, 1ReRise. O

apart a 20 sel énted engagement omiﬂ:halthgl ﬂmq;agtnpuihe fmembes; deehef t he

?Egerrhlrjlﬁlulng to§PS s?ﬁ‘%&}?{'dhaw ng an ann*+ %&%SW Pg e vvee% Itﬂe

seal s; 25 being expesed;| tp oﬂetlﬂe f&ﬁﬁﬂngpt%“ﬁ%h Mg mnr@wed
pressure area i pebfi8 ' €62SS s12a4RgN the r\iﬁ?bﬂg tadulard membelr Siintiole

wh
ichis |soI at ed faomthe fl %‘d press g 0 '@ubt\i\far r during
running in, compr:l.s:l.ng in combination:

10 the upper tubular member having a first

~ side and an second side, the second side having a

sealing section with axially spaced apart metal

sealing bands which mate with the sealing surface of

the lower tubular member, each of the sealing bands

15 having a diameter prior to insertion that has an
interference £fit with the sealing surface:

a running tool having a tubular sidewall;

a pair of annular seals located on the
sidewall of the running tool and spaced apart a
20 selected distance for sealingly engaging the first
side of the upper tubular member above and below the
I\ sealing section during running in;

the running tool sidewall having an
annular recess located between ‘the seals:;

25 o the seals of the running tool defining a

low pressure area in the recess between the running

) . tool and the first side which is isolated from the
fluid pressure of the well;



the sealing section of the upper tubular nenber being exposed to well fluid
pressure during—Tunning in, resulting in a pressure difference across the

upper tubul a the | ow pressure area 5 and the well fluid
pressure, umwa upper tubul ar nenber between the first side
and the seall I'on einNg sel ected be sufficiently thin so as to
allow the sealing section to resilientl defI ect radially into the recess
due to the pressure 10 difference enough to renove the interference fit of
the sealing section with the sealing surface as the upper tubular nenbewn~
slides into engagenent with the |ower tubular nenber; and neans for noving
the running tool seals 15 thewasealingt isection hof uther upper atubvdiear after

the upper tubiygihd®MBRing Sekpa888Y td Swali120Etu@S drdiibutid Ndukq
tubul ar nenber, to equaliZe thg ressure between the upper tubular nber
first side andWnninggine FREM tgmoﬁ‘n¢ (PReagure g1 §E€FPBﬁ°t 8CSF@8Fove

radially int olmawttmtarmfl bB@tweshathe lowApi‘thbﬁd-ef ?re%: I di ng
an upper t ul ar enent _wit sur, e of a | ower
t ubul ar er% iﬂa&‘ﬁgg 'ﬂ‘ﬁ?d g‘%’piﬁ@éﬁ?g' n%f’?sf"ﬁ &
conbi nati on. ;tuhulhmglehbenppetmbum et sidé and| the seadimgd a :
second side angbgg h m gh;tg SA%n °8of Qg Mati ng
with the seali ng sur ace n# %hgi ovvers‘lf(ﬁb ar me%q' 8 1 %80’ ¥ .
provi di ng a rJéhi Adloyo| the : Bealingy| section, 4o resiliently deflect
radially into the zrecess due to the pressure

10 difference enough to remove the interference fit of
the sealing section with the sealing surface as the
upper tubular member slides into engagement with the
lower tubular member; and

means for moving the running tool seals

15 upward relative to the upper tubular member after the

upper tubular member has reached its engaged position

with the lower tubular member, ¢to equalize the

pressure between the upper tubular member first side

and sealing section, allowing the sealing section to

20 move radially into engagement with <the sealing
surface.

4. A method for sliding an upper tubular
member into engagement with a sealing surface of a
lower tubular member in a well having well £luid

25 pressure, comprising in combination:

providing the upper tubular member with a
first side and a second side and providing the second
side with a sealing section for mating with the
sealing surface of the lower tubular member:

30 providing a running tool with a tubular
sidewvall; '



sealingly engaging the first side of the upper tubular nenber above and
below the sealing section with the running tool to define a | ow pressure
area; 5 ‘lowering the running tool and upper tubular
menber into the well; exposing the sealing sectlon “to well fluid pressure
and isol ating ‘the | ow pressure area from flui vide a
pressure differential 10 between the | ow essure aﬂm@ﬁmmm fluid
pressure; resiliently deflecting the sealing sectior radital % toward the
| ow~pressure area due to the pressure differential, to reduce sliding
contact of 15 the sealing section with the sealing surface as the upper
tubul ar nmenber slides into segddogdyt engaging: theefimstu| sideroiferthe hen
equalizing the Rghesil GubthIMECn relidedPPBhobEOULAA BEDSH the! SdalpyAgd
a

seal ing section, and 20 allowi ng the sealing section to nove radi y into
engagement wi t h S8EFQm i khe Funning Lok ey defing iq)i IRy RFefpLre
tubul ar nenber iddemzengagenent with a sealing surface of a | ower tubular
menber in a well having well fluid 25 pressure conprising in

combi nati on: Hroviding the buI th rs i d a
second side aérold provi di ng t#g’ageco d sTde WI N a geal‘@m;i se%f’laone?éé@?mti ng
wi th the seal i nduhular megbear dntovdhe wellar nenber :

exposing the sealing section to well fluid

pressure and isolating the low pressure area from well

fluid pressure to provide a pressure differential

N 10 between the 1low pressure area and the well fluid
pressure; | ' '

resiliently deflecting the sealing section

radially toward the low pressure area due to the

pressure differential, to reduce sliding contact of

15 the sealing section with the sealing surface as the

| upper tubular member slides into engagement with the
lower tubular member; then '

equalizing the pressure between the upper

tubular member first side and sealing section, and

20 allowing the sealing section to move radially into
engagement with the seal:l.ng surface.

' 5. A method for sliding an upper tubular
member into engagement with a sealing surface of a
lower tubular member in a well having well £fluid

25 pressure, comprising in combination: -

providing the upper tubular member with a
first side and a second side and providing the second
side with a sealing section for mating with the
sealing surface of the lower tubular member: '



providing a running tool with a tubular sidewall; sealingly engaging the
first side of the upper tubul ar nenber above and below the sealing 5
section with the running tool to define a | ow pressure area; |owering the

runni ng tool n menber into the well; exposing the sealing
section to wem mmmummﬂmﬂure and iufil ating the |l ow pressure area from
well fluid predsufe to Mrovide a press differential between the | ow
pressure area and the well fluid pressure; resiliently deflecting the
sealing section 15 radially toward the |ow pressure area due to the .=~
pressure differential, to reduce sliding contact of the sealing section
with the sealing surf ace providingp® rupning reenkr withdes itulmlagagenent
with the | onegiaepaias nenber; and 20 moving the running
tool seals upward relative to the upper tubul ar nenber after the upper

tubul ar nenber has reached i e ed sition with the | ower _tulul ar
menber, equalizing the pr¥ %%i]i gg %5'&? uiher f1Eeh SidRnps the st side
and 25 seal i gppert i tubular ahémbeng abovecaandg bebdw ortlie reselirmgli al |y

into engaggmegicPibll (EenSthk' Binhihh?tBol to define a low pressure

area;

lowering the zrunning tool and upper
tubular member into the well;

exposing the sealing section to well fluid

10 pressure and isolating the low pressure area from well

fluid pressure to provide a pressure differential

between the low pressure a2rea and the well fluid
pressure;

resiliently deflecting the sealing section

15 radially toward the low pressure area due to the

pressure differentiasl, to reduce sliding contact of

the sealing section with the sealing surface as the

upper tubular member slides into engagement with the
lower tubular member; and

20 moving the running tool seals upward
relative to the upper tubular member after the upper ~
tubular member has reached its engaged position with
the lower tubular member, equalizing the pressure
between the upper tubular member first side and

25 sealing section, and allowing the sealing section to
move radially into engagement with the sealing
surface.




