-1- DUAL FLAPPER VALVE ASSEMBLY This invention relates generally to well
servi ce equi prent, :and in particular to a formation protection valve
assenbFy for limting the l'oss of conpletion fluid after a gravel packing
or otNer service operation has been 5 conpleted. In a gravel g;iggs
operation, a service seal unit nmounted on a work string is ngé%ﬁ%ﬁb t
relative to certain flow ports and sealing surfaces within a cker bore to
route service fluid along various passages. The service 10 seal unit
carries vertical and | ateral circulation passages which, when aligned with
ports fornmed in a packer, permt service fluid such as acids, polyners,
cenents, sand or gravel laden liquids to be injected into a formation

t hrough the bore of the work string and into the outer annulus 15 between a

sand screen and a perforated well casing. The annul ar gravel pack
prevents plugging and reduces damage to the screen caused by penetration of
formati on sand. -2- In one position of the service seal unit, the

annul us bel ow t he packer is sealed and the |ateral flow passages of the
service seal unit are positioned for dis- charge directly into the annul us
bet ween the work string and 5 the well casing, thereby permtting reverse
fl ow and out circulation of clean-out fluids upwardly through the bore of
the work string. After the gravel packing or other treat-
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&;, DUAL FLAPPER VALVE ASSEMBLY

This invention relates generally to well service
equipment, and in particular to a formation protection valve
assembly for limiting the loss of completion fluid after a
gravel packing or other service operation has been

5 completed.

In a gravel pack operation, a service seal unit
mounted.on a work string is reciprbcated relative to certain
flow ports and sealing surfaces within a packer bore to
route service fluid along various passages. The service

10 seal unit carries vertical and lateral circulation passages
which, when aligned with porﬁs formed in a packer, permit
service fluid such as acids, polymers, cements, sand or
gravél laden liquids to be injected into a.formation through
the bore of the work string and into the outer annulus

15 between a sand screen and a perforated well casing. The
annular gravel pack prevents plugging and reduces damage to

the screen caused by penetration of formation sand.
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nment is finished, conpletion fluids are introduced into the annulus to
.displace the service fluids used during well 10 treatnent.: The ,service

seal unit and the associated wash tube are then renoved fromthe welli;y
Because of its high value, it is desirable to recover the conpleti*on
fluid. for use during subsequent operations. Additionally, it is
desirable to control the 15 effect of “Conpletion fluid pressure on the

producing forma- tion. one nmethod for controlling the effect of. conpletion

fluid pressure onyiphe odygi r | Oppalurd r p pe jon is
TheoReOdBE5RE16A [“Efoﬁ‘é*#\é’zoéé{‘%’ef?@ 261 tOPeL

to spot a gel material 1n the bore i ner as the wash pipe is

wi t hdr ananh@16k0SKe1b@ !ﬁu@th_ekfek.—u!ﬂsf lswalsdl Bhat eghe! NRAd&F AL il r OM
the pressure of conpletion fluid while the handling string is being pulled

from thpassages anfl thée sgpvddect seal siniitngarespositienlder fopasaised. 25
Anot her nethod for protecting the gravel pack and adj oi ni ng producti on.

f or mat i oghérge gddrectdy dantlyy the@Emulusrbétwees the woekl skeing wndh an
automatically operating -3- flapper valve. Conventional flapper valves

are nmolinthg orell seasdRgsuppberebyb pramhing e ravesrse afiowheapdciowt f or
pi votal npvenent from an _upright, open_bore position, to a horizontal

cl osed bEiECHddtdogn of cheanout Slukds apwardly cbhEaughekhen boxe @f i ght

open Dor EnBOUdC S EELIES" WP Yhe' §RaR0E HASKINY 0P %bEngl HiSatY oo
ment is finished, completion fluids are introduced into the
annulus to displace the service fluids used during well W,

10 treatment. The service seal unit and the associated wash

tube are then removed from the well.

| Beéause of its 'high value;: it 1is éesirable to

recover the completion fluid for use ‘during subsequent
operations. Additionally, it is desirable to control the

15 effect of completion fluid pressure on the producing forma-

tion.

‘One method for controlling the effect of completion
fluid pressure on the producing. férmatio_n during a gravel \J
pack operation is to spot a gel_matériél in the bore through
20 the liner as the Qash pipe is-wiﬁhdrawn to close the liner
to fluid flow and.pfotect_the formation from the pressure of
completion fluid.ﬁhile the handling_string_is being pulled
'frdm. the well and the prdductioh string is :thereafter

inserted.

25 Another method for protecting the gravel pack and
adjoining production formation from penetration by comple-

tion fluids and the like is with an automatically operating



during run-in and gravel packing operations. Sone fl apper valves are
bi.ased by a spring :so that upon renoval of the gravel packing apparatus
fromtjre well, the flapper valve is 10 noved into sealing engagenent

agai nswa val ve seat. Wth the producing formation being protected by the
closed flapper valve, the desired conpletionjand clean-out operations may

be carried out with the wash pi pe di sengaged "and retracted. The handli ng
string is then retrieved from 15 the well and a production tubing string is
run into the weflappetteapbace. convBAtdBRRBICEIMPEI v 1RALY LREHLE %on a
may take several days, during which tinme the formation and the grave pac‘l‘%
are protected bycréenclsuppbrt appbr betiween | thes sof@én Manddesnd apaekle? for
performan electric 20 line | ogging operation prior to productionto

det er mi ne downt®ieotel | movetientorfram ameupedight ,ofopdre borsepopationAn to a
electric line tool run is typically acconplished in a few hours, and the

| oggi ng oper at iRRrHEgntake wlomed poreenpositiohve hcthe. fllapperecvalee is

| i ne | oggi ng é)peratio is per- 25 formed after the gravel pack has been
deposi ted, ant BFQRPS ABEBt 18n theyiuRrighte RReen| Reredpesd tileno hetween the
annul us to dis% tt}%servicefluids useg durin || treatnment, so

that accurate, f%gs 1P PBE ohhe dnner: o Rare; of SGEeeEc oFUEROERJ Sub

eval uated. The fEL | ce 0 t. b i thdrawn .from t he cker before

electric line | oggl?'%l% 5%@?3??‘? 4 r%%é nPEF&teE ?%&%T hdr SQ0e Otfafquer

service tool anrghivgsd RiREb flapger, lvE W 0 t cal l

thus preventing the 1dd6a Th@PResprAng ¥b! bnGleoSSp it RORELSE! 108 the
gravel packing apparatus from the well, the flapper valve is

10 moved into sealing engagement against a valve seat.

wWith the producing.formation being protected by the

closed flapper valve,-the desired completion and clean-out

crerations may be carried out with the wash pipe disengaged

and retracted. The handling string is then retrieved from

15 the well and a production tubing string is run into the well

in its place. The completion and clean-up operations may

take several days, during which time the formation and the
gravel pack are protected by the closed flapper valve.

It is sometimes desirable to perform an electric

20 line logging operation .prior to production to determine
downhole well conditions in the region of the gravel pack.
An electric line tool run is typically accomplished in a few
hours, and the logging operation may take as many as ten to
twelve hours. The electric line logging operation is'per-
25 formed after the gravel pack has been deposited, and after
completion fluids have been introduced into the annulus to

displace the service fluids used during well treatment, so



%

escape of the conpletion fluid into the formation. "However, .the flapper

val ve cl osure nenmber nust be forcibly opened before an el ectrie line

| oggi ng operation can be performed. 10 Conventional fl|apper valves haﬁg a
frangi bl e cl osure nenber which can b§4£uptured, for exanple by the "
application of hydraulic pressure of in response to an inpact force
delivered by a drop bar. The loss of conpletion fluid during the limted 15

time regygaed J&.‘x.%?é‘t@l?C%B'éﬁ-ébﬂ?lb‘ﬂ%hng WA atdORd BYoRE ! ladl g,

dependi ng upon ormati oh conditions.- . Post- conpletion-well condition
measur e paordd® Wné rdamisteand dat a eval uated before the decision to. begin
production is nade. I n those instances, conpletion fluid may be sacri- 20
ficed to obtain such post-conpletion well condition neasurenents. It

w || be appreci atTire tsextvicactobbeminsindieb|vel thduwaen  fabme thleo packerenber
has been ruptured, the gravel pack in the formation is exposed to the
hi gh pr defore Zn delecoptd binehdoggingh aperrtign coapl bei dmifdidated.
Accord- ingly, it is desirable to conplete the |ogging operation and

retratt UpeR e?’é@i‘ﬂFé‘WFiln@fod'g‘Mg s&rfinentoalonfffe YRFR PiR@: cidhe
0ot AR PGl b1 T AT BB A1
o1 g o Ao oA L OLE SR KT KRBT, Do
CoﬁplEtwﬂéffﬂ%ﬂpé?ﬁ%&lJéﬁﬁﬁbEﬁQe member must be forcibly opened
N | before_an electric line logging operatidhican-be performed.
16. Conveptionaluflappe:fValves-have a'frahgiblé closure  member
which can be ruptured, for example by the application of
'hydraulié' pteésﬁreq df in .fesponéé to .én .1mpact force.

- delivered by a d:op'bér.

. The loss of completion fluid during the limited

15 time_réquized.fOr aﬁ-electric.lineulogging'OperatIOn may be
tolerated, depending upon formation conditions. Post-
:Eompletion well condition measurements should be made and
data évaluatgd before the decision to begin production is
made. In those.instancés, completion fluid may be sacri-.

20 ficed to Obtaih such ﬁoét—éomplétion well condition

' measurements.

| It will .be ;appreciated=-that,"once the frangible
.f;appe: valve closuremmember has been fuptﬁred,'thefgravel
pack in the formation is expoéed to the high pressure
25  developed by the column of heavy completion fluid. Accord-
ingly, it is desiﬁable to complete the logging'opération and
retract the electric :line logging equipmént-from'the'well



during successive well service operations. A related object of the present
invention is to 'provide an inproved formation protection valve assenbly 10
which will permit a well service operation such as an elec- trical log to
be pertwerned after a gravel pack has been deposited without |osing a | arge
amount of conpletion fluid into the formati on. Another object of the
present invention is to 15 provide an inprowss formation protection val ve
assenbly having dual flapper valves which can be selectively closed and
ruptured or fractured i ndependently of each other to accommbdate separate
cl osed bor e/ opefubekiyvwerecoReyi as mpshagisoef the heavy complrttion ofietd as
of this invention is io provide a dual fl apper valve assenbly which is
sel ectivel y opeP@BFebLs - cp5de therehye minimize phesst 9fpitiec domplatint fhnid
formation fron1tq$ gffects of Lluid gres§gre\¥ttﬂr1the wel | bore while

& ng

acconmodat i ng WY S83PIPRtBpLRS: FHRTOUS ormatAQher object of this
I nvention is to provide a nethod and apparatus for protecting a well during

a gravel pack operatign j [«ch fLLSh ond_fl apper, val ves ar
utilized for controlli nng Idoév}\}%q{)g h‘e’%\%ﬁ“ :é:fez:%% V\P’fﬁsﬁg h ifqvfﬁbte‘rsorbaﬁ%st"
being held o ' av 3N ' n Y, | €
upongvm' t hdra\%lrbg?w%ﬂg ﬁgshggpgiagéa ??#?Egas?Fég%%ﬁgnd?raﬁglgg%r&iy fior

operations, andlimitingorthel Womened Weompiletaonccetdibl appes VAl Wormation
remai ns propped open to accommobdate an additional well service

during successive well service operations.

A related object of the present invention 1is to

provide an improved formation protection valve assembly

10 which will permit a well service operation such as an elec-
trical log to be performed after a gravél pack has been
deposited without losing a large amount of completion fluid

into the formation.

Another object of the present invention is to

15 provide an improved formation protection valve assembly
having dual flapper valves which can be selectively closed

, and ruptured or fractured independently of each other to
accommodate separate closed bore/open bore well service

operations.

20 Another object of this invention is to provide a
dual flapper valve assembly which is selectively operable to
close and open a well bore to protect a production formation
from the effects of fluid pressure within the well bore

while accommodating well service operations.

25 - Another object of this invention is to provide a

method and apparatus for protecting a well during a gravel



operation such as an electrical log, with the second flapper val ve being
sel ectively closed upon conpletion of the sub- 10 sequent :service qperation
to isolate conpletion fluids in the well bore from the screen andy« _
production formation during round-tripping of the work string and the’
production string. The foregoing objecgs are achi eved according to the 15
present invention by a dual flapper valve assenbly which is nounted on a
screen support sub which depends from a packer and- | ocated above the .
product i packompefationl in whillchufiarstanand oseconfafieppeal waslyas nare
connected in series flowrelation between the screen and the packer. Each
fl apper 2E1ldized ofaengeptradildags flowmi ke theat wadili sgreen.owifds shefh bor e
and a frangible valve closure pl te-pivotg%iy mounted on the val ve seat for

prevent i F¢-3RRKF t KALVER DSdNg ARLAsOREE KRt Bravel c PASkiagy Hiths
Y B RLATATISHN SR O e
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upper 1 3pRped Valpkh Ches Udtddnicidtte Nedl QREI1 PhoRdAE RiQPL S!S bt h
t he bore~of tthe prop sleeve defining a fl ow passage for accommo-
operation such as an electrical log, with the second_flapper
valve being selectively closed upon completion of the sub-
10 sequent serviée.bperatioh to isolate completion fluids in
the well bbré* from the scréen- and production formation
during tound-tripping of the work string.and the production
string. - |

The foregoing objects are achieved according to the

15 present invention by a dual flapper valve assembly which is
' mouhted on a screén support sﬁb which depends from a packer
and located above the prddﬁction zéﬁe of a well, with upper.
and lower flapper valves being conneéted- in series flow
 relation bétwéen the screen and the packer. Each flapper
ZOIValve assembly includes a valve seat having a.flow passage
bore and a frangible valve closure plate pivotally mounted
on the valve seat for preventing flow through the flow-

| - passage. bore when the closure plate is engaged against the

~valve seat.

25 " The lower flapper 'valve has a frangible closure.
plate which is engagable by a gravéi.pack'wash pipe and is
propped open during the gravel pack operation when the wash



dating a gravel pack or other well service operation. According to this
ar,rangenent, the |awer flapper valve is closed upon partial retraction of
the washh pipe 10 after a gravel pack has been deposited. The closure plate
of theslower flapper valve remains closed while the service fluids are

di spl aced by heavy conpletion fluid. After the reverse-flow
circul ati on-out operation has been perforned;7-and the wel |l annul us has been
filled with conpletion fluid, 15 the service tool and wash pipe are

wi t hdrawn fromthe well and a‘froduction seal unit is run into the well and

instal led in thBiBSckE?. eptendesgtirouglysthe ppackess t hdn okBe fpugferred
o electric 1 nERPEHEmeRt o Hhe GIRRP T EL ABRPE cHaLiTE, Nt S reants PLe, Figrure
the |'oggi ng opePPESn VRIEH Mk SPR¥PReB SPeR dit 4. ERbRIBH EROR.etiostnvbhen
Dl ate of the uppar TPEEed bntd EAG°EEIREN SRV Sibh Hhel Ubrer " bl gt
sl eeve is congeghgget elbéaracw«ar&eswqgehlbas;b%éw e Pibp et with the

forcibly separated fromthe support response to retraction 0O

wash pi pe and ebgegcofmehe Prop BLeeviodefniGRf fd AW p¥saGE MRt PEccbiimo-
an alternative enbodi nent, the prop sleeve is connectedto a “collet l[atch

whi ch i s novabl éabéhgeangzavelepaekdet dtheakiwellpawrvide idpavationbhe
upper flapper valve is engaged and propped open by the prop sleeve,
to @ According to this arrangement, the lower flapper
. valve is closed upon partial retraction of the wash pipe
10 after a gravel pack has been deposiﬁed. The closure plate
of the lower flapper vaive remains closed while the service
fluids are displaced by heavy completion fluid. After the
reverse-flow circulation-out operation has been performed,
and the well annulus has been filled with completion fluid,
15 the service tool and wash pipe are withdrawn from the well
and a production seal unit 1is run into the well and
installed in the packer. The frangible closure plate of the
lower flapper valve is then ruptured by mechanical impact or
hydraulic pressure to permit an electric line logging tool

20 to be inserted into the screen flow region for measuring

post-completion gravel pack conditions.

Upon completion of the 1logging operation, the
logging tool is retraéted from the well, and the prop sleeve
is retracted out of engagement, thereby allowing the closure

25 plate of the upper flapper valve to close. In one embodi-
ment, the prop sleeve is connected to the screen support sub

by shear pins, and is forcibly separated from the support



retracted, unblocked position in which the upper flapper valve closure
menber is rel eased. In this alternative enbodinent, #the :collet

latch is initially set in the 10 extended, valve open position and
is retracted to the unblocked position by a wire line shifting too™ In
yet anot her alternative enbodi egmt , the frangible closure plate
of the Ilower flapper valve is propped open by a tubular prop sleeve
which is mounted on a 15 collet latch which is novabl e between an extended,
bl ocki ngupodint i responséi tb tietrdamtdror | afpthevatash i pipegandd emghge-opped
open by the prop sleeve, to a retracted, unbl ocked position in which the
f | apper mendl oy acbosurshoylidar carried cometihe washt piipeal t er nati ve

enbodi nent, the frangible 20 closure plate of the upper flapper valve is
propped open by a tubul ar. prop sl eeve which is connected to {he screen

support -sub by sH®araRj fdternptive (emppAimenty ;the MXOR t FdeSUBpd® sub
In response tq retraction ~the sh pi and engagepent by, a box shoul der
carri ed ORREFESHks °piébe.c°;g'e 12888 Kﬁtgﬁ?}ai ﬁgq -(CAS aPrE ?%F‘@ﬁ%?hgm_ o
arr ange the.completion fluid is ryed, -t e nroducj.r
for mattg [ gg(%%?dﬁddt Cltoec?i"f# cﬁ#%#ef#egzu lgfégf ¥ﬁ%eu§§gﬁm|ﬁ8% p%é:a\)’frlq’e -9-
conpl eti;@n ' ur i r ' I g rpgt rid a | al lati of
t he pro&%tt%hﬁhgggrihgg_ ﬁ£ég§§a aa%?%ifg%oah%%htbo cgﬂ% %f%bn _ p?ﬂ-is
perm tt et cReeRPCutbl bBeliNopboEi oA ONET JHi¥h Hhkeru ﬁ@rr @Ied;?ékg
conpletion fluid has 5 been punped to the surface, the closure plate of the
upper valve closure member is released. ‘In this alternative
embodiment, the collet latch is initially set in the
10 extended, valve open Lposition and is retracted to the

unbiocked'position_by.a wiré line shifting tool.

_ In yet another alternative embodiment, the
ffahgibig 'cibsuré "plate of the lower flaﬁper valve is
propped open by a tubular prop sleeve which is mounted on a

15 collet latch which is movable between an extended, blécking '
position in which the lower flapper valve is engégéd'and -
propped open by the prop-sléeve, to a retracted, unblocked |
-position in which the flapper valve closure plate. is g;
released. = In this alternative embodiment, the frangible

20 closure plate of the upper flapper valve is propped open by
a tubular prop sleeve which is connected to the screen
support sub by shear pins, and is forcibly separated from
the support sub in response to retraction of the.wash pipe

and engagement by é box shoulder carried on the wash pipe.

25 According to the - foregoing- arrangement,  the.
completion flﬁid'issconserVed, and the producing formation

is protected from the pressure of ‘the column of heavy



flapper vatve is fractured to clear the fl ow passage to t he screen so that
product i on operatlons can begin. Qher objects and advantages of the
present=inven- tion will bé appreciated by those skilled in the art upon 10
readi ng= the detailed “description which follows wth reference to the
attached drawi ngs, wherein: Figure 1 is a view, partly in section and
partly in elevation, showing a typical well =Omstall ation using a dual

fl apper val ve assenbly constructed according to the present 15 invention;

h 1,
b N LA oo Siint OB ten Y g LHED et @aein&%'alv%,eéo%f‘gg?,g& 58 b3nd
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tion; - 10- Fléwfnﬁ bpefats ng' on ftéke‘é’h S%@nlafi iy o om;;fe&%}n VH@&%

| ower fl apper valve closure ne elng he I'n va positlon

wash pi pe; Fisyuieed pﬁm@édek@/aihé)ﬂst‘x’tﬁé\&:ega'thhy dIbARE | Plate BF Lﬂ?‘l’ﬁ
fl apper valve assenbly held open by a novable prop sleeve and colle
conbi nati on; flapper valve is fractured to clear the flow passage to the

screen so that production operations can begin.

Other objects and advantages of the present inven-
-/ tion will be appreciated by those skilled in the art upon
10 reading the detailed description which follows with

reference to the attached'drawings, wherein:

 Figure 1 is a view, partly in section and partly in
elevation, showing a typical well installation using a dual
flapper valve assembly constructed according to the present

15 invention:;

Figure 2A is a sectional view of the upper flapper
valve shown in Figure 1, with its flapper valve closure
member being held in valve open position by a prop sleeve

and shear pin combination;

20 - Figure 2B is a view similar to Figure 2A with the
wash pipe retracted and the lower flapper valve in valve

closed position;

Figure 3 is a top plan view, partly in section, of
a flapper valve closure disk and elastomeric hinge combina-

25 tion;
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Figure 6 is a |ongitudinal sectional view of the upper.flapper valve
assenbly shown in Figure 5; Figure 7 is a sectional view, parti:al]y, broken -
10 away, and simlar to Figure 5 which illustrates the valve closed _ ,
position of the upper flapper valve and the retracted position of the‘ﬁ}op
-sleeve, with the |lower flapper val ve_ghasure nenber ruptured; Figure 8 is
an enl arged el evational view, partially 15 broken away, of the upper

fl apper valve and retracted prop sleeve shown in Figure 7; Figure 9 is a

| ongi tudi nal sectPymnate V4 els 04 sectlonalaview,dsdmiflaappny Riduee ezppdi nent
showi ng the run-in position of the flapper valves; 20 Figure 10 is
a vi ew @iitil atheo lewgur e£Xappeni valyieoscieswriet membexerbéingpdeldalie after
retraction of the wash pipe; and, Figure 11 is a viewsimlar to Figure 10
iIIustraﬁhMQKPRﬁnnﬂﬂﬁiﬁ#QQthl%mﬁasglRépéw val ve upon concl usion of 25 an
el ectrical |og operation. In-the description that follows, |ike parts

are mar ked throughout the specification and drawings wth the sane

ref erence numer alfstIYRR pRc ﬁ/afy.eﬁﬁga&#aw ﬁ’g‘f"ﬁ'r eg%&ﬁeé-é'ss%ﬁ‘f iPno scale
and the ortions_of.,certain rts_5_haye been £x erated to better

T usr ot Y pPRSE! E1ABRsR. WAVe hosnpRbRy” HELS HEE BB HevibisT

upper agg dpuodJe it oG 1e: 2paeahl LaniRgea b constructed according to
e .

Figurels is a longitudinal sectional view of the

upper. flapper valve assembly shown in Figure §; o
Figure'-7 is a séctional view, partially broken |

10 away, énd similar to Figure §, which illustrates the valve
closed positidh of the uppér flapper valve and the retracted
position of the'prop sleevé, with the lower flapper valve

closure member ruptured;

Figute 8 is an enlarged elevational view, partially
15 broken away, of the upper flapper valve and retracted prop

- sleeve shown in Figure 7;

Figure 9 is a 1longitudinal sectional view of an
“alternativé dual flapper valve embodiment showing the run-in

position of the flapper valves:; - |

20 'Figufe 10 is a view similar to Figure 9 showing
/ closure of the.upper flapper valve after retraction of the

‘wash pipe; and,

Figure 11 is a view similar to Figure 10 illustra-
ting closure of the lower flapper valve upon conclusion of

25 an electrical log operation.



t eachi ngs Of the present invention are shown in valve open 10 position for
acconmodating a’gravel pack service operation. In this arrangenent, a
cross-ever tool (service seal unit) 12 is landed within the bore 30 of
packery14. The packer 14 has hydraulically-actuated slips 16 which set the
packer mandrel 14A against the bore 18 of a tyybular well casing 20. 15 The
"cross-over tool 12 is coupled to the packer ﬁhlle gravel slurry 22 is
punped t hrough a work string 24 into the cross- over housing bore 26 of the

cross-over tool. The crogg- Ofﬂg%r' ga?%ocrg_gpﬂ%% a%h%'tonﬂéifoﬁé‘bu'135fké’0§§|r%%l Jare

which is telescoped into the the packer and 20 has Tate W
ports 32 near imarkedertirshghogt), thBerspdel £108816N Clandodrdwings ! andad the
t he packer bore, are approxinmately on the sanme level with lateral flow

ports 34 * forneamacsefekencevaumerdlsl, respertdarelld. Ahmidratings| aréngst
36 nounted on the cross-over tool body 28 seal the 25 annul us between the
cross-over toolnecessheipgciy sbale ami bthewpriopdrttieans of oceprdain Barts

34. A third seal 36 carried by the cross-over tool seals the packer bore
30 near -12-havie hesn exaggecated te pretter tddushnatergdetatdsgd afndthe
debris between the service seal unit and the packer. The upper end of

cross-over tool PE®8§nSsip¥entiAnsffset, |ongi- tudinal flow passage 38
whi ch provi des conmuni cati on between 5 the cross-over housing bore 26 and

(he ateral, 1 om por S2n b e Bl e By 108512 ipblipst Yo "BRapper
valve assemblies 10A, 10B constructed according to the

. : teachings of the present invention are shown in valve open

10 position for accommodating a gravel pack service operation.

In this arrangement, a cross-over tool (service seal unit)

12 is landed within the bore 30 of packer 14. The packer 14

has hydraulicalljy-actuated slips 16 which set the packer

mandrel 14A against the bore 18 of a tubular well casing 20.

15 The cross-over tool 12 is coupled to the packer while gravel

slurry 22 is pumped through a work string 24 into the cross-

over housing bore 26 of the cross-over tool.

The cross-over tool 12 has an elongate tubular body

28 which is telescoped into the bore 30 of the packer and
20 has lateral flow ports 32 near its lower end which, when the
cross-over tool 12 15 landed in the packer bore, are
approximately on the same level with lateral flow ports 34

- formed near the lower end of the packer 14. A pair of seal
rings 36 mounted on the cross-over tool body 28 seal the
25 annulus between the cross-over tool and the packer above and
below the lateral flow ports 32, 34. A third seal 36

carried by the cross-over tool seals the packer bore 30 near



*

provi de fl ow communi cati on between the well bore annulus 42 and the bore 44
of wash pipe 46. 10 The gravel slurry 22 is introduced into the
wel |l at the surface and is punped down the work strlng 24 into the ¢«
cross-over housing bore 26 where it enters the offset vertical ™ ow
passage 38 within the body of the cregg~over tool 12 and is-discharged
laterally outwardly through the 15 flow port 32 through the |ateral _
openi ngs 34 of the packer into the well annulus 42 bel ow t he packer. The
annul us tte buppeen end: theregf2tcarprevenbather skttlsingabéd samd ecand
producwg%fornatlon 48 by expanded seal elenents 50 carried on packer 14,
and bel slebnis f bekweeon the aseswiae Faad smiboapd dtherpackesl.y bThe
correspondi ng seal el enents carried on_a | ower - acker (not shown) set
bel ow t HPBYF n@RdoRL CrRasS-gwRK ukoad Bedyy ithehascRrBr Oﬁﬁ%tar i 1PRgiwnith

he wel TEdaRe “Blow DEaShaLY 3b°yRYE e%wwiﬁe%“é’e”‘”at#" 3 Chetunml us 42
a0 S8 A Se TSP BninduBES: 24, Spd B RAedn 05 ALY, the
tpglslsage&?Oﬁ?iﬁgl%%bg?ﬁem?;?g%ﬁgvé?og?yé’vyr’&?\go %\é r}es ‘#}‘s c#ﬁ%rggged
cat od b Hese Boks A0 A ¥ S?Es%‘?‘??i%ﬁiiﬂ%“éﬁt ??%?f?ﬁ” 4 wREch Tl
sett| es provide WElbwaabmnuh 1ead ide0ibstdden the well bore annulus 42

and the bore 44 of wash pipe 46. _
o o : o _ \_}
10 | The'gravel:slurrynzz is introduced into the well at
| the surface.and is pumped down the work string 24 into the
- cross-over housing bore 26 where it enters the offset
.vertical flow-péssoge 38 within the body of the cross-over
:tool 12 and is discharged laterally outwardly through the
_15'flow port 32 through the lateral openings 34 of the packer
into the well_annulu5,42 below the packer. The annulus 42 '
between thé casing 20 and.the_packer 12 is sealed above a
producing formation 48 by expanded seal elements S0 carried
on packer 14, and below the fOrmation.by a cement plug 52,
20 or alternatively by'correSponding seal elements carried on a
lower packér (not' shown) set below the formation. The
annulus 42 below the packer 14 is filled with the slurry 22,
and the slurry'is pumped through perforations 54 formed in
| the well casing 20. B : s

25 | The slurry moves downward 1n the annulus 42 and
surrounds a screen 56. As pressure is applied to the

slurry, the slurry gel 22G flows through'thé'screen-where it



collect in the bottomof the well and gradually accunul ates around the
screen 56. The vash pipe 46 is threaded into the |ower end 28A 10 of the
cross-over® tool body - 28 and extends downwardly through the tandem

fl appekwsval ves 10A, 10B-and through a screen connector nipple 60. The
screen connector nipple 60 supports the screen 56 adj acent the casing
perforations 54 with a tail pipe portion 46F%13- wash pi pe 46 bei ng
suspended 15 at a |l ocation just above the screen 56. A collet 58 carries a
pair of axially sgaced-seals 36 into sealing engagenent agai nst the packer
mandrel bore 30entersshbenloweri haid pipecend| 16T ©F ithef Mash pdpeded, and
t hereby opening_lateral flow port 34 so that slurry 22 can 20 be punped

t hrough the | onEHe¥Si HRWarddy J&sstle Dsshepede Rassage 49 2bolthes uppenuend

the lateral flo t 32 and into the | ower || annul us 42.. However, when
it is desired tW g?@?e%‘ﬁéﬁﬁ?ﬁr ftme;zv# &%sdaﬁahersgé Hater dthe |wpper

t 34t f. ' { e- gut ' - 25 ti . th
oross-over 1 ool okt | SPPUIMRC 44 GO RBYRS; HERATHLY 260 ChPaBusafie aiadi-
36 i t | It ' t 4
30 8 St e OBy LB Mkl 8550 0 ECKIVIION P Ydpcied Sa PEKE e
formation 48. gde efkl era‘i?efaﬁeﬁtﬂesb'ﬁr Stx?édw@ﬁs ittt ife Cln St{@@fﬂé’ego
on its radially inside portion wthin an annular [ ocator groove Tor on

f) he cr 9ss- over dobledt 1h the batittn YoPUEHET HEY1PbAGE GriadhdlAy | ffdtiuldes
0SS I'S

around the screen 56.
— '_ The wash pipe 46 is thréaded into the lower end 28A
10 of the cross-over tool body 28 and extends downwardly
through the tandem fiapper valves 10A, 10B and through a
screen connector nipple 60. The screen connector nipple 60
supports the screen 56 adjacent the #asing perforations 54
with a tail pipe portion 46T of wash pipe 46 being suspended

15 at a location just above the screen 56.

A collet 58 carries a pair of axially spaced seals

36 into sealing engagement against the packer mandrel bore

— 30. As shown in Figure 1,.the collet 58 is fully extended,
| thereby opening lateral flow port 34 so that slurry 22 can
20 be pumped through the longitudinal flow passage 38 of the
cross-over tool 28, through the.lateral flow port 32 and
into the lower well annulus 42. However, when it is desired

to close the lower fiapper valve 10B and close lateral flow
port 34 to perform a reverse ci:culate-cut service opera-

'25 tion, the cross-over tool 28 is retracted as shown in Figure
2B, placing .the seals 36 in a straddling position with
respect to packer flow port 34 to prevent flow into the



receivable in detented engagenment with an upper annular |ocator groove
30A which is formed within the packer mandrel 30 upon retractioen of the
cross-over tool. The upper flapper valve assenbly 10Ais suspended 10sfrom
the packer 14 by a support spacer sub 64. The upper and | ower flappe™

val ves 10A, 10B are assenbl ed toget heitd4by threaded pin and box connecti ons
I n tandem series relation between the screen 56 and the packer 14. The

| ower fl apper valve assenbly = 10B is nechanically attached to the screen 56
15 by tH@vwrmeanmltnsppn sandAf therehy gPredieqidag hdhecproduping ed,

t he mork strln IS retracted redetermi ned distance which withdraws the

Tg:/vler :‘I al ve at hemser 1 il §§r has Phéﬂq’iw\ir{%i%t?gfomo??fgﬁ as
e T WIRPSE Y8 RRciia d 1 OPs L BN FoRi S BOEKE ﬁapérat AR 40 is
g'ﬁzfgdr:wg{f% B Rt %réo?ssﬁedreﬁee?h% hBb! sk e | %afglf’“r %88'@
e BRding Wadlally B9£i8Ea1)OpkBlbcERE poRk i do WAL idfs D6ad P81V
the | at efé&ewsmagsi&Z dRAntd® et ‘g%’gbéﬁﬂéih@f with caaSSuggésf: t Shu1 2R

upwar d t hrough the cross-over to ody. and through-t wor k strlng 24

to the sSls¢£ESr Gro6veCIbA! Which! eanformed within rthéipadidP ahan@¥EESS
slurry is removed fromthe well, and the producing formation 48 is

pr ot ectemfupmmthetpaetmneoﬁf tﬁef burods-metrhetaqdper annul us 4__2
The upper flapper valve assembly 10A 1is suspended \;)
10 from the packer 14 by a support spacer sub 64.J The upper. -
‘and lower flapper valves 10A, 10B are assembled together by
threaded pin and box connections in tandem series relation_
3'between the screen 56 and the packer 14._ The lower flapper
' valve assembly 108 is mechanically attached to the screen 56

15 by the connector nipple 60.

After the gravel pack has been completed the work"
‘string is retracted a predetermined distance which withdraws

| the tail pipe 46T out-of the screen and permits the closure. U
‘plate 70B of the lower flapper valve assembly 10B to move to
20 the valve closed position as shown in Figure 28.' In this

retracted position, the L-shaped passage 40 is closed at the

upper end of the service seal unit, and the cross-over tool
;" .12 is retracted sufficiently to place the 1ower end of its
"~ body just above the upper end of the packer, so that clean-
25 out fluids can be freely circulated from the surface down—
'ward through the well annulus, through the lateral openings

32 near the lower.endwof the cross-over tool,_and upward



Aftér. the gravel packing or other treatment is finished, conpletion fluids
are introduced intpo the upper annulus 42 to displace the service fluids
used during-well treatent: It is desirable to circulate the particul ates
10 ang_t he conpletion fluid to the surface to prevent damage to the screen
.56 and to avoi d squeezing or otherw se di sThPbi ng the established position
.of the gravel pack. A comonly used conpletion fluid is aqueous cal ci um

chl oride, havi Lght of approxi y 3 | & ound
per gallon). It?&fg‘q\%n{el‘%penec%%sgsse%f a'% e@‘?%a?&%épgﬁnggéphghc%%%#p%el{)i on fng
casing annul ue 43 Sbove Thor aacker L4 ey e ear crean ar, By iRl Xhis
great as the wRngar of ekbashr Oeﬂwéffn iisbirBRoved t hRbma €19@SiW@anabl ananomd
of valuable conpletion 20 fluid will be lost if permtted to penetrate into
the surroundi pyddudiaig offiormadibhe 48 egsurprotetbedcoftom roye hpressdver Sef
effects upon the formation. After the conpletion fluid has been introduced
and rever sescifilailds ijon tdepipdead, artdielws 062: over tool 12 and 25 the wash

pi pe 46 are renoved fromthe well, |eaving the packer 14, flapper valves
10A, 1 0B and screen 56 in the well, with the |ower flapper valve 10B cl osed
and the upper -16- Afhsrer thel veragalpr ppekdngpenr RetBeri ngreatment is

Fi gures 2A and 2B, .the upper_and |lower flapper valve assenblies.  10A
10B in conbifd®dishedrer FrBPACEAOR IliHAS fzP clnksedurpd 1R%R &hen upper

flapper annulus 42 to displace the service fluids used during well

treatment. It is desirable to circulate the particulates
— 10 and the completion fluid f:o the surface to prevent damage to
the screen 56 and to avoid squeezing or otherwise disturbing
the es‘tabiished position of the gravel pack. A commonly
 used 'completién fluid is aqueous calcium chloride, having a

weight of approximately.1.43 kg per litre (11.5 pounds per gallon). It

15 will be appreciated that a éolumn of such completion fluid if
unrestrained may penetrate the formation 48. The volume of
the casing annulus 42 above the packer 14 may be as much as
8 to 10 times as gfeat as the volume of the production
L tubing, so that a considerable amount of valuable completion
20 fluid will be 1lost if permitted to penetrate into the
surrounding formation, and the pressure of the column may

have adverse effects upon the formation.

After the completion fluid has been introduced and

reverse circulation completed, the cross-over tool 12 and
25 the wash ?ipe 46 are removed from the well, leaving the
packer 14, flapper valves 10A, 10B and screen 56 in the

well, with the lower flapper valve 10B closed and the upper



5 val ve being selectively closed and capabl e of being frac- tured

i ndependently of the other to accommpdate separate well|l serviee, | ;
operations. - Each flapper valve assenbly includes a valve bodyr .66A,
66B which is nmounted on a connector sub 68A, 68B, respectively.

Frangi ble valve 10 closure plates 70A, 70B are pivotally nmounted. onto
the respective val ve bodi es for searTh@'engagenent agai nst an annul ar,

el astoneric val ve seat T72A, 728 - respectively. Each annular valve seat
is for ﬂ of a co re e el as neric material and is concentric with

t he cyI 5PP5§IVS ?@Awggop ?Re?he val ve body. - - Each closure plate
has .an annul'ar, beveled surface' 75A, 75B for producing close sealing

engagerent a0l ngladdi (HAYAPELC GRS 188 2EB LHESREGRE SN

Referring nowto gures ve cl osure ZO

pi vot al j yweRUNEedppRio Agveal sgseﬁmi‘é%B hyvaan qloest%erbemblm%ﬁﬁ
The val ve cl osure" plate 70A is |ikew se plvotally nmount ed onto .t he vaIve

seat 72delfynen & ahialreflappercvalie Fassemblye woth fch fAGRpe
nounted onto the 25connector subs by screw fasteners 78A, 78B. Each
val ve Shudivies beingdsejectdved ycocbesedr and E8pabbéBafy beingnfirac-

el astoneric seal 80A, 80B, respectively. The el astoneric -17- hinges
76A, 76Buzed abofiependentdyt fef vihe bther72re PrRapynadatay Sepesades 78A,
78B, respectively. ‘Each el astoneric hinge includes a tubular netal insert

82A, 82weldr sg@gtﬁeugoperations. Each flapper valve assembly
includes a valve body 66A, GGB which 1s mounted on a

connector sub 68A, .GBB, respectively. ~Frangible valve \J
10 closure plates 70A, 70B are pivotally mounted onto the .
respective valve bodies for sealing engagement_against an'
annular, elastomeric valve seat 72A 728, respectively.
Each annular valve seat 1s formed of a compressible elasto-
meric material and is concentric_with_the cylindrical bore
15 74A, 74B of the valve body. ﬁacn closure plate has an
‘annular, beveled surface 7SA, 75B  for producing .close
sealing engagement against the elastomeric valve seat 72A,

72B, respectively. | o L U

. Referring now to Figures 3 and ¢, the valve closure
20 plate 70B is pivotally mounted onto the valve body 72B by an
elastomeric hinge 76B. = The valve closure plate 70A is
likewise pivotally mounted onto the valve seat 72A by an
- elastomeric hinge 76A.

Each valve body 66A, 66B 1s mounted onto the
25 connector subs by screw fasteners 78K, 78B. Each valve body
is sealed against a connector sub 68A, 68B by an annular

elastomeric seal 80A, 80B, respectively. The elastomeric



the threaded fasteners 78A, 78B, respectively. 5 The frangible
cl,osure plate, '72B of the |ower flapper valve 10B has an el astoneric
bunper 84 Wwhi ch engages the wash pipe 46 and is propped open, as shown in
Fi gurexs&, during the gravel pack operation when the wash pipe is extended
t hrough the packer. According to this arrangﬁgent, 10 the |l ower fl apper
valve 10B is closed automatically upon w thdrdwal of the wash pi pe 46 as
shown in Figure 2B. The closure plate 70B of the |ower flapper valve 10B

remai ns cl osed m@éé§t7$ﬁe_ V@ﬁvﬁréeﬁcﬁéﬁﬁéhbh ot tgﬁeﬁg,ra}ig%e ddday dﬁﬁﬂé\i’zs by

di spl aced by heavy conpletion flurds. after t reverse-

ci rcul ati on- outses alfagt ehadtsPepdh Periayy,me dtiveryel | gaayl at?ém@é%ﬂh
filled with heavy conpl etion quid,pthe servi%gatool and masE pi%@'can e

Wit hdrawn wit htuind@stneludés &otpbelap métuldinBeritn@2hle s2efer Heddiying
gravel pack operation, the 20 | ower flapper valve 10B is held in open val ve
position as shdbre ithféarded flastendr$y76he "8BhH pespeétivelynon wit h-

drawal of the wash pipe, the valve closure elenent 70B noves autonmatically
to the closed and seal ed position as shown in Figure 2B, thereby containing
the conpletidh fluid andi?® pfrangible | closvreasplateo 28 f efhattihem dxwer
Wth the flapper, valve | @B thus protecting the formation 48, clean-up

oper ati ons, fortI]v%&Rﬁ)‘T alye B has apcelastopsrdc bumpes 84 which gsngages

o oo ST B SRR, KB aRE, 5 st Sed"*a¥ Shobh L Bugure 4.
during the gravel pack operation when the wash pipe 1is

U extended through the packer. According to this arrangement,

10 the lower flapper valve 10B is closed automatically upon

withdrawal of the wash pipe 46 as shown in Figure 2B. The

Closure plate 70B of the lower flapper valve 10B remains

closed against-ﬁhe Qalve seat 72B while the service fluids

are displaced by heavy completion fluids. Thus, after the

15 reverse-flow circulation-out operation has been performed,

and the well annulus has been filled with heavy completion

fluid, the service tool and wash pipe can be withdrawn

without loss of the completion fluid.

During the course of the gravel pack operation, the

20 lower flepper valve 10B 1s:held in open valve position as
shown in Figure 1 and 4 by the wash pipe 46. Upon with-
drewal of the wash pipe, the valve closure element 70B moves

, . automatically to the closed.and sealed position as shown in
Figure 2B, thereby containing the completion fluid and

25 preventing its release ihto the formation 48. - With the
flapper valve 10B thus protecting the formation 48, clean-up

operations,.for example, cleaning up the well bore, can be



been recovered, the work string 24 may then be retrieved fromthe well and
a production tubing string may be run into 5 the well in its place., Such -
operations may take several days, during which tine the formation 48 t5
protected by closure of the lower flggper valve 10B. Upon conpl eti on “bf
the clean-up operations and recovery of the conpletion fluid, a '
production string is 10 inserted into the well and 1is seal ed against the

upper paskfieds dud Y €Bef eompledudn ofldi@Nthhe vedFdddvdreéd Lethhe
surface. Bef ore the onset of production operations, however, the [ower

fl.appertnel wasﬂ;OEigmsusbe'ifsvea@wem t aftean the domplebsoadellngt Rasscreen
support sub so that 15 formation fluids can be lifted to the surface. Each
val ve' cbeenr eeoovmred0AthéORork cetstingct 24 sayt hthent beanréeriepedred or
ot herwi se destroyed in response to a nechani cal- or hydraulic opening force.
Each f|fippmr thel weldl esdr @ peroductiomriafbdng|stringtmaytbd vhnaifdo

frangi ble material such as.tenpered glass which will rupture under an
openihgtheomad X oinr dtisdeplace | | Supneperaddonsrpagh take pseveselon

FcSponsdaY S  KETART GWBACH HHUA abiec RERSEHan0A S LT o SEOHAEER aPHownuar d
br of er 251 99aE8RE £, aPuEE JEBPREE, MEIHAIIR1 s constr uct ed of {enper ed
glass rather than ceramc or netal, which will  -19- reliably shatter
into relatively gaghl Bbfigest¥BhChogaNtLhE clean-up 'operations and
' recovery of the'Completion fluid, aﬁﬁrbducﬁibn'étring is
10 inserted into the well and. is séaied'.againsﬁ the upper
packer 14 to prb&idé for'production'from the formation 36 to
the surface. Before the onset; of prdduétio_n operations,
however, the lower flapéef valve 10B must be fractured to
open the £low passage in the screen 'su'p:port sub so that

15 formation fluids can be lifted to the surface.

| Each valve closure member 70A, 70B. is constructed
sé that it can :be: ruptu:ed or otherwise- destrdyed in
response to a mechanical or hydraulic.openihg,force.' Each o
flapper valve closure member is preferably constructed of a N~

20 frangible material such as tempered glass which will rupture
under an opening:'force to provide a fuily opeheé_ bore
through the'producfion sfring; The frangiblg vaiQefciosure

, member is designed to rupture in response to the buiid;@p of

hydraulic pressuré or in iespohée to a downward éenéﬁrating

25 impact force applied by a wire liné- too_i or a .dr.:o'p_ bar.
Preferably, each flapper Vaive cloSﬁre member 1$ ¢dnstrﬁcted

of tempEredIQIéSs rétﬁef than ceramic or metai, which will



renoved fromthe tubing by reverse flow of conpletion fluid. Additionally,
each frangi bl e val ye closure nenber is supported by an el astoneric hinge
76A, 76B whirch is severed 5 or otherw se cleanly separated fromthe val ve

cl osursg.: el ement to provide clear passage through the valve in response to a
rupturing force inparted by hydraulic or mechgni cal nmeans directed onto the
frangi bl e sealing nmenber. 10 Each val ve body 66A, 66B is provided
with a fluid passage bore 74A, 74B, respectively, and each val ve housing
88A, 88B is pradrrshiyt Bnattap! anded AT Lt HPELy98Ratll idladd NgR1ahY ¥lake be
chanber 92A, 92B, respectively, to accommp- date novenent of the flapper

val ve cl osure nmstisved OfrondOEhd Stdbingtbg reveesepElopodifl icompletIomvElutd.
Figure 2A to the valve closed position as shown in Figure 2B. The val ve

cl osure nenber AdiX idi&Elynd heaghs Tangiifl er evadvebl \clompteed membee is
val ve bodi es 66A, 66B which are nounted onto the connector subs 68A, 68B,
respectivel y. Zupported byRsheelasgomexiico IHinge ¢26A, an6Bawhinb [iswsevered
fl apper valve assenbly 10B is provided with a fluid passage bore 74B and a
bevel ed coun? el@or CtEBrwisen ckeamby aSQEFVétBQCkgfmeh§g§i d¥alye @lasure
bore transitions al ong an annul ar_sl opi ng face mhichéaﬂgggrts t he

resilient, ann® I B,PEAyide RATIIR g, thestvakye c in
mat eri al . The val ve cl,osure nen?er 70B Eas an nnulﬁé evel.,ed, si ivvaII
75B which is dinfFRIATRd ¥r &uFPRENIEBTIS (FPREE ofIRGEREA: bY hygfiraulic™ or

mechanical means directed onto the frangible sealing

member.

10 Each valve body 66A, 66B 1s provided with a fluid
passage bore 74A, 74B, respectively, and each valve housing
88A, 88B is provided with an enlarged borg\90A._903 which
definéé'alvalve chambeé.;;h,J;iﬁ,.LESﬁectively, to accommo-
date movement of the flapper valve closure member 70A, 70B

15 from the valve open position as shown in Figure 2A to the
valve closed position as shown in Figure 2B. The valve
closure members 70A, 70B and hinges 76A, 76B are movably
coupled to the valve bodies 66A, 66B which are mounted onto

— the connector subs 68A, 68B, réspectively.

20 : - Referring now to Figures 4 and 8, the lower flapper
valve assembly 10B is provided with a fluid passage bore 74B
and a beveled counterbore 94B which defines a valve pocket.

’ . The side wall of the bore transitions along an annular
sloping face which supports the resilient, annular seal 72B,

25 preferably constructed of an elastomeric material. The
valve closure member 70B has an annular, beveled side wall

75B which is dimensioned for surface-to-surface engagement



wi t'h the bevel ed face of the annular seal 72B. Construction of the upper

fl apper val ve assenbly 10A is substantially identical to assenbly 10B. Each
val ve cl osure nenber 70A, 70B is preferably a 5 frangible disk or plate of
tenpered glass, for exanple, a borosilicate glass having strength | hd
sufficient to withstand the expected_g@pgerating pressures, and which wll
shatter into small pieces when inpacted. Each el astoneric hinge 76A, 76B
is joined directly to the cylindrical side wall of 10 the glass disk in a
process withhtké béeelelefater offottiel anmuldirrerbal 13B. | N"Censbeacbebpeen
the el astoneric hinge and the glass during nolding. Additionally, the
bunper pefi &heofupper| flapmer c vadver i assembbyndA t dst heubstiantidklpf t he
gl ass closure disk 70B. The purpose of the bunper pad 84 is 15 to engage
and rideldepthcaltbe agsamplpel®B.as shown in Figure 4. It will be

appreci ated that each gl ass cl osure nenber 70A, 70B when inpacted by a drop

bar will shatter thorou%hly into.relativel snall7p eces. Addltlonally a
20 fracturing i npRREhs ¥pd¥EH9 °§qﬁﬁiwﬁmbﬁ_seoﬁhe &%ﬂ%?(ﬁ%ﬁ e5aklyadl v

o1 het Skt RRSHpAR 2135, i CbTafe" ¥ ctepherPlc ST Ena o mAGPLe. '3

?22?383{‘?# ngggaegt e et e SRzt LR ERERE b, FE R ERna™

el ast ormgy tid | PB%r%%Tnﬁy g&&&&&:&&ay &R WHicHOW1hA! e&ﬁEEEeW th
subsequent ope tron o ownlfol ® operation.
into small pieces when impacted. Each elastqme_rj.c hinge

76A, 76B is joined directly to the cylindrical side wall of \JJ
i0 the glass disk in a process in which'the'moleculér bond is |
produced at the interface between the'elastomeric hinge and
‘the glass. during molding. Additionally, the bumper pad 84
ef an elastome:ie-materlal is bonded to the underside of the |
glass closure disk 70B. The purpose of the bumper pad 84 is
15.£o engage and.ride against the wash pipe 46 as shown in-
__figure 4.

‘It will be appreciated that each.ﬂgiasé closure |

" member 704, 708'when impacted by a drop bar will shatter kj
thoroughly into réiativély small pieces. Additionaily, a
20 fractur;ng.impact_fcrce will tend .to cause the glass disk to
cleanly separate from its elastomeric hinge. ' It will be
~observed that the elastomeric hinge, because of its
- .constructiohjandemounting arrangement, does not projeEt into
the fluid flow passage. Moroever, any residual fragments of
.25 the glass diskfwhiqh :emain'joined tO'the elastomeric hinge
wili be easily broken away and will not ‘interfere with

subsequent operation of a downhole operafion.



-21- Referring again to Figure 2A and Figure 2B, the upper and | ower
fl.apper val ve assenblies 10A, | OB are joined together by a threaded union
in tandem el ation, thereby defining a controllable flow passage 96 which
extend&from5 the packer 14 to the screen 56. |In the enbodi nrent shown in
Figure 2A, the upper and | ower flapper Valvgz ssenblies 10A, 10B, the
packer 14, cross-over tool 12, wash pipe 46, tail pipe 46T and screen 56
are run in assenbled as shown in Figure 1, with the tail pipe 46T extendi ng

in seal ed engage- 10 nenjef@aiifg 'diail PEbe Blnirk 02hhcasdr eadnke ¥BLh the
the |l ower flapper valve closure nenber 70B bei ng propped open by engagenent

agai nst the wasippepeard, lowert ftappeer valeppassenbldes Qow,e 108 1xe Ained
bei ng held open by a prop sleeve 100. 15 Referring now to

Figure 2A theogéthgpeby val threaded cudieh 7\ tandeimd relatior, ofthereby
position by the prop sleeve 100. The prop sleeve 100 has a thin cylindrical
side wall 102 Wefining cancontrcddiable cEbowepassagen Shewhich extendsufrom
fl apper valvg housi ng sub 104A. In this enbodi- 20 nent (Figure 2A), the
prop sl eeve 200the Rackeedlhytonthe Horeems fini cﬁnaﬁbﬁoﬁmpﬁgiﬁ\e@ﬁ Fhawre in

100 onto a coll ring 108 which is fitted inside the threaded box .of the
valve houai ng SASUERRA, THIE PPSF Apf.Loner; £1apper yalye Assemhlies L0A,

ket f d wt.hi t d b by the th 5 pi ' t 4P
pocket Tored W dBL nihaSsRUERIS POt Blo L hIeL " HERICYLY i BEBECY., ¥
10A is held op ;]Pé/ % IR SEReh 15’?.‘%%! Nguhhad “é&é@nh@&&"é& shown in

installation a Tnitial service operations to permt unresiricted novenen
Figure 1, with the tail pipe 46T extending in sealed engage-

~ 10 ment against the nipple 60 into the screen 56, with the
lower flapper valve closure member 70B being propped open by
engagement against the wash pipe 46, and the upper flapper
valve closure member 70A being held open by a prop sleeve

100.

15 Referring now to Figure 2A, the flapper valve
closure disk 70A is held in valve open position by the prop
sleeve 100. The prop sleeve 100 has a thin cylindrical side
wall 102 which is concentrically received within the bore of
the upper flapper valve housing sub 104A. In this embodi-

20 ment (Figure 2A), the prop sleeve 100 is secured by shear
pins 106 which anchor the prop sleeve 100 onto a collar ring
108 which is fitted inside the threaded box of the valve
housing sub 104A. The collar ring 108 is axially confined

'in a pocket formed within the threaded box by the threaded

25 pin connector 64P of screen support sub 64. According to
this arrangement, the flapper valve 10A is held open by the
prop sleeve 100 during the initial run-in installation and

initial service operations to permit unrestricted movement



-22- of the wash pipe 46 and ot her downhole tools through the flow passage
96. The val ve connector sub 68A is secured by threaded connection o the
barrel 88A of upper valve housing sub 5 104A. Li kewi se, the | ower yalve
" connector sub 68B is secured by threaded pin and box ‘connection to t

barrel 88B of |ower valve housing sulf“f04B. Each val ve connector sub 68A,
68B has a bore 98A, 98B, respectively, which 1is concentric with the
[ ow PagpaghelSyash GHYL! 18 'shd ofndf Ad "toollde LARRIgRNEnEoNer

fl apper “val ve assenbl®i€s are selectively operable to close and open the
flow paggggepd8shgeegn the packer 14 and the screen 56 to protect the _
pr oduci ng fSrnatlon 48 fromthe effects of fluid pressure within the upper
wel | bore annulus 42 while accommobdating 15 separate well service
operations. The rheevalvapesnyédyer C50bUBBAD!iH esefdreéd bybshreadedt | y

rel eased by applying a shearing force against the |ower annular face 110 of
t he proporheetdonOCto = the t bareefiodé 8&ntofhuppem walvee AUIsingy shkdari ng
force is applied 20 against the |ower annular face 110 of the prop sleeve
100 15y k04Aeari nbikewisenotthe| ukowex edjalye cironnecker ntsh hé8Rel Hsunti |

It engages the | ower annul ar face 110 of the prop sleeve 100. - The force of

r et r act FBRUFEYr byctdraadesL pin ARG RF §rRReqabEoRHO: kBechrrxel: 888 108
til th h 25 ti f th [ 6 i ' . Upo t ti

and cl cafaddRan YWD BuStan SURO0 Ry LBRBR (YAt CORRRELRFoStR pl at e

70A rotapgs | BRR SRALCUaC"BEPE™EEA29% 8, { PEspectively, which is

concentric with the: flow passage 96. According to this

1o_arrangement;-thé uppér-and lower flapper valve assemblies
are selectively opérable to close and open the flow passage
96 between the packer 14 and the screen 56 to protec£ the
producing formation 48 from the effects of'fluid'prgssure
within the upper well bore annulus 42 while accommddating

15 separate well service operations.

‘The upper flapper valve closure plate 70A is subse-
quently released by applying a shearing force against the
lower annular face 110 of the prop sleeve 100. In the
embodiment shown in Figure 2A, the shearing force is applied

20 against the lower annular face 110 of the prop sleeve 100 by
a shearing tool (not illustrated) which is run into the‘'well
until it engages the lower annular face 110 of the prop

_Sleeve 100. The force of retraction is reacted through fhe
shear pins 106 and the collar ring 108 until the shear

25 rating of the pins 106 1is overcome. Upon retraction and
clearance -of the prop sleeve 100, the upper flapper valve

closure plate 70A rotates into seated engagement against the



-23- valve seat 72A, thereby closing flow passage 96 and iso- lating the
screen 56 with'respect to the packer bore 30. Thus the conpletion fluid
remaiang i'n the upper annulus 42 is conserved and can be recovered by
punpidqg it to the 5 surface. By the foregoing arrangenent, only a limted
anount of heavy conpletion fluid is permtted to escape into the formation
during an intervening well service operatit@ﬁ%ubh as an electrical |og
which is perforned after rup- 10 turing of the |lower flapper valve closure

?éi‘& ®pftor ?R%aﬁ?ﬁz{%%%gﬂo i %ﬁ%ﬁéﬁfu%3%%@%2228%“%%%%E’%lér e adso-
the upper clogutq dﬁt&%?g@eﬁa& regt Ges Wéa'tw He ggegae C@&L§h§%.

previ ously discuss reby openi ng oW passage et ween

packer and t hened agie SCompPét PERIFLLLAN eI AN rf ¥hduppéti dhAdius 42
Referring now to Figures 5 6, 7 and 8, an alter- native prop sl eeve

assenbly 116 is itonséeaedd.and | ¢anhi Becntechbv@réd tHie pumpingeeyt assewley
116 includes a prop 20 sleeve 118 and a collet latch 120. The prop sl eeve

118 i s conngcsusfiacet.andemwith the collet latch 120, with the prop

sl eeve/collet |atch assenbly 116 bei ng novabl e bet ween an extended,

bl ocki ng position as shown in Figures 5 and 6 in which the upper flapper
val ve closure plate 70ABY% dfgngdpregaing prapphargenent by 9&8Ypr§p diimd red

118, to the retracted, Qpblocked osi tion_as ghomn in Figures 7 and 8 in
whi ch t he amount of heavy completion fluid is permitted to escape into

the formation during an intervening well service operation

U such as an electrical log which is performed after rup-
10 turing of the lower flapper valve closure plate 70B, and

prior to closure of the upper flapper valve closure plate

70A. After the remaining completion f;u;q‘hggwpqqnfpumped

to the.sQrface, the upper closure plate 70A is fractured
mechanically or hydraulically as previously discussed,

15 thereby opening the flow passage 96 between the packer and

the screen so that production operations can be initiated.

'Referring now to Figures 5, 6, 7 and 8, an alter-

U native prop sleeve assembly 116 is illustrated. In this
.embodiment, the prop sleeve assembly 116 includes a prop

20 Sleeve 118 and a collet latch 120. The prop sleeve 118 is
connected in tandem with the collet latch 120, with the prop
sleeve/collet latch assemblf 116 being movable between an

. extended, blocking position as shown in Figures 5 and 6 in

which the upper flapper valve closure plate 70A is engaged

25 and propped open by the prop sleeve 118, to the retracted,
unblocked position as shown ianigures 7 and 8 in which the

upper flapper valve closure member 70A is released and



uppér fl apper valve closure nmenber 70A is rel eased and -24- seated in
val ve cl osed engagenent against the valve body 66A, thereby: cl osing.flow
passage 96. In this enbodiment, the collet latch assenbly 116 is init{ally
set in the extended, valve open position and is subsequently retracted¥ to
the unbl ocked position by a wire line_ghifting tool (not illustrated). A
suitable wire line shifting tool is dIS- closed in U S. Patent 3,051, 243
which is assigned to the assignee of the present application, and i's

hereby | peaied aifd vaLve! enesed éangement ageinot | ¢ihd abalvé2thd
received within a screen support sub 1 The screen support sub 127 has a

cylindri 66eg! tierehy ldtobangnflow epassagd 96.c 1A thish embbddtsnt he
upper val ve chanmber 92A. ° The screen support sub 122 al so has a reduced.

di anet er ther ecb28eitn Match t heseoblyt 126 15si sisitiiably rseti vinl. thene
collet sleeve 120 has longitudi- nal slots 130 which separate |ongitudinal
fingers extendmds cwalve obagepositiom eand obs| subsequentdyr nsfpmcted
| ower end portlons by annul ar connector rings 134, 136, respec- tively

'Each fn&er the qx@%@ﬁ@leﬂ"#tﬁo& oYU B WL 5 %#BEZGhF-GFHngoF—O% (QQ& er nal
b wh di b
rgzzkxabﬁélqégt 1285; £e5 Wﬁﬂ%ﬁiéﬁ%uﬁgéfgiﬁﬁ éﬁ? efésh ‘?LS
142

o CRaBERd LG, 8. BhEl §4§% FrE Ayt SR S AR
engaged Q%éﬁ&ﬁégteﬁfalﬂﬁ?seﬁreﬁgn@ﬂ(Lpplication,. and is hereby

incorporated by ‘reference.

io d The gollet_;atch-lzoﬂis received within a screen |
suppe:t sub 122. The seteen support_sub.lzz has a cylindri-
.cel pafrel 124:heVing,en:enlarged bore 126 which encloses
_the upper.valve-chamber.92Ay:_The;screen support suh 122
_also-has a reduged diameter bore 128 in which the collet 120
15 1s slidably received. The collet sleeve 120 has longitudi-
_pallslots 130 which separate longitudinal fingere-132; The
collet fingers 132 are stabilized at their upper and lower.
.'end'porfions by'annuler'connectet ringsJ134; 136, respec-
“tively. Eaeh'finget'laz is provided'wifh_a knuckle ;h the
20 form of an extetneif boss .138 which ﬁrojeets radially
outwardly. The bosses 138 are receieable in detenfed
engagement within annular loeating recesses.140;.142 thch
are formed at axially spaced locations on the.bore'ef the
“sereen sﬁpport sub 122. The recesses 146; 142 serve as
25 detents which when engaged by the external bosses 138 hold
the collet latch 120 in the extended, valve open position as.
shown in 'Figure 6, “or in the retracted, valﬁe_.closed

 position as shown id:Figdres 7 and 8.



the collet' latch 120 in the extended, valve open position as shown in
Figure 6, or *in, the retracted, valve closed position as shown in

Figureg 7 -and 8. -25- The collet latch 120 has an internal shoul der 144
whi chy i,)s engagable by- a wire line shifting tool. As described in
U, S. Pat ent 3, 051, 243, the shifting tool '3 run through the well bore
until it engages the device to be 5 shifted. PR t he arrangenent shown in

Figures 5, 6, 7 and 8, the shifting tool is run into | atching engagenent

with the shifting shoul dfﬁeléél?%tttlea | ebo! Hah ?1%%,%% @H&,ﬂqé}? 144

shifting tool is pulled towar e surface, the colle prop sleeve

118 are retractggli éRr otgh drivadiie 13 1Q olyigennegher sHRfiddg tdBE.  as
fingers 132 deflect radially i'Tnwardly,” thereby permtting cam Surfaces on

the bosses 138 dés¢tfdPe@Uiinofy lde delatidnt €35661 )443, arthes| sHEfBIAGNTodiNeLs
bore 128 of screen support 122 until the bosses 138 snap into detented

engagenent in thenupheoudht the weddsdbor® .urifil it engabest lthe idesride ofo be
the collet latch 120 is prevented by engagenent of the upper annul ar face
146 of conne6t cshifted 136Imgbhesarnangdinenty shoempdoh Figuimes 548 wiT cdnd s8,
formed on the screen sugport sub 122. At the sanme tine, a release arm

carried on the trefshifting tasdagks mupedated atehing jengagempnd: widdycthe

t he stepped shoul der 148, thereby tripping the shifting tool and permtting
it to negoﬂeﬂeﬁgéfEH%Seﬂhﬁ?&ﬁEFei4ﬁoR§:ﬁﬁ?f?ﬁ#ikﬁiiagﬁﬁ 420een A khe (wire

sub 122 so tmﬂliﬁecgﬂiggiﬁst%bgiquN%JfE%§“¥£3§§d the surface, the collet

_ 120 and prop sleeve 118 are retracted through the bore 128
— 10 of connector sub. 122. The fingers 132 deflect radially
inwardly, thereby permitt;ng cam surfaces on the bosses 138
to ride out of the detent recess 140, and slide against the
bore 128 of screén support 122 until the bosses 138 snap

into detented engagement in the upper detent recess 142.

15 Further travel of the collet latch 120 is prevented
by engagement of the upper annular face 146 of connector
ring 136 against a radially stepped shoulder 148 which is

~ formed on the screen support sub 122. At the same time, a
release arm carried on the shifting tool engages a beveled

20 Shoulder 150 just above the stepped shoulder 148, thereby
tripping the shifting tool and permitting it to negotiate a
reduced diameter bore 152 formed in the screen support sub

122 so that it can be retrieved to the surface.

The collet latch 120 and prop sleeve 118 are
" 25 retained in the blocking, closed_valve position as shown in
Figure 8 as a result of the detented engagement between the

bosses 138 and the annulaf recess 142. After the shifting



The collet latch 120 and prop sleeve 18 are 25 retained in the bl ocking,
cl osed val ve position as shown in Figure 8 as a result of :the detented
engagenent between the bosses 138 and the annul ar recess 142. After the

shifting -26- tool has cleared the bore, the upper valve closure peéte
70A is fractured by the application of mechanical inpact or hydraulic
pressure as previously discussed. The collet latch 120 and prop sl eeve

116 are maintained in the non- 5 interfering, open bore position as shown

in Fi gungdl titaedTbdred OLat g‘,eaegpe%at up ﬂ.-@ﬂ%&@lfds@&&tﬁl%ééﬁ%ﬂi ng.

to the foregoing arrangenent, the producing formation™ 4 S

protect ag @wackeired B9’ ke APPIAIMLSHICloASmachaaYealpathphetWheh the
| ower and upper ‘10 flapper valves are utilized for controlling flowto the
wel | scipeiréiflio tprdwshird | agpepresviveslyei ddskasdednen dohengedlreter vi ce
operation, and the |ower flapper valve being closed. upon w thdrawal of the
wash pi datficlonigbe and epnopnélievengllél eare upaiopadaedonkn theThmon+ ower
flapper valve 15 assenbly 10B is forcibly opened by the application
of hylr dmtierferinghacpen heuas pesitiene agppshownapirr Rigure 16A t@mai ns
propped open to acconmpdate an intervening well service operation such as
an el ectReE}t | REPAUGEELPR japeratiepsotip R cAXEd®d S&ton f1uid has been

i ntroduced into 20 the well bore and prior to initiation of production
opera- tions. According, to the firs 20di ment the'qg'er flgppertggjve S

t e
propped open by tMEPHPLI edfe 1588 fregoing = arrangemen

producing formation 48 is prqtected during a service
operation such as a gravel pack ia ﬁhiéh.tﬁe_lowér ana upper \,)
10 flapper“valves hré utilized for cohtrollinglflow.tq the well
screen 56,'with7boﬁh.flappé£ véngs béing held.oéén.during
Ehé'serviée'épérafion, an& the:lowér fiapper Qﬁlve being
closed upon withdrawal of the wash pipe_frdm the-scréen and
during' clean-up"opérations; | The 1oﬁer. flapper valve
15 assembly 10B 1is _forcibly: opened . by the  application of
hydraulic or me:hanical.means_while-thé'upper.flaﬁper”valve
10A remains.propped open to accommodate an intervening well
service operation such as an electrical 1log, ‘which 1is
| carried_out after completion fluid has been introduced into
éo_the well bore and prior to initiation of production opera-
tions. According to the first embcdiment, the upper flapper
valve is propped open by the prop sleeve 100 which is
maintained in its extended, valve open positidn by shear -
'pins. The upper flapper valve is.selectively closed upon
- 55 completion of the intervéning sérvicéLoperation to isolate |
completion fluids '1h the well bore from the séfeep and
production formation dﬁring subsequent ?etrievallof the work

string and installation of the produbtion string.



mai nfained in its extended, valve open-position by shear pins. The upper
fl apper valve is selectively closed upon 25 conpletion of the intervening
servi ce=opération to isolate conpletion fluids in the well bore fromthe
screenqgnd production formation during subsequent retrieval of the work
string and installation of the production SLQ7QQ. -27- Referring now to
Figures 9, 10 and 11, yet another alternativé enbodinment is illustrated. In
this enbodi ment, the closure plate 70A of upper flapper val ve assenbly 10A

i's propped open by the tBgbariRGOROW R Fiddreyi Hh 1B ang! YAl 3fets! S24EN
100 bei ng secured by shear pins ?06 to the collar 108 In this I?EHnatlv%r

arrangenment, hoaktvernatieecembodiment! &s/0B Nisthetéaver 1hl AMY embd&iment,
assenbly 10B i s propped open by the prop sl eeve assenbly 116 whi ch includes

a prop sleeve 1tlgeantiosurel ptatéavoh &ZOuppélre flappert aalvel ssdnbBy 10A is
connected in tandemw th the collet latch 120, with the prop sl eeve/coll et

| at ch assenbl y paeppednepevaliy tdereéanbulazxt pradpd, sheeviei nyopesi with atshe
shown in Figures 9 and 10 in which the |ower valve closure plate 70B is
engaged and pr dppBalapeFlepvend 4ft obeinge secur®d tbyt sbeast rpinsd1065 to the

unbl ocked position as shown in Figure 11, in which the |ower flapper valve
cl osure nember Cfgﬁl-?g iQSeaseB“a g¥§eé@é&qWW%eaEF%Eﬁ“Eﬂﬁagmver: ‘the

Ternati ve entHETSURERLETR o T8I Ph EhE: LARE. EHBRPoL, Y ATG ARHMILY A8 15
the 20 extendedyry@ha§ 8BER BYSthehrd} éfeé&gsggggr%h¥ 195 %H1%h includes
’ | a prop sleeve 118 énd a collet latch 120. The prop sleeve

e io 118 1s connected in tandem with the collet latch 120, with
the érop sieeve/collet latch assembly 116 being movable

between an extended, blocking position as shown in Figures 9

and 10 in which the lower valve closure plate 70B is engaged

and propped open by the prop sleeve 118, to the retracted,

15 unblocked position as shown in Figure 11, in which the lower

flapper valve closure member 70B is released and seated in

valve closed engagement against the valve body 66B, thereby

closing the flow passage 96. In this alternative embodi-

LJ ment, the collet latch assembly 116 is initially set in the

20 extended, valve open position and is subsequently retracted

| to the unblocked position by a wire line shifting tool (not
illustrated). A suitable wire 1line shifting tool is

disclosed in U.S. Patent 3,051,243, incorporated herein by

4 - reference.

25 Operation of the upper flapper valve assembly 10A
and lower flapper valve assembly 10B is the same as
previously described with respect to the embodiment shown in
Figure 2A and Figure 5, with the exception that thé lower



to the unbl ocked position by a wire line shifting tool (not illustrated).

A suitable wire line shifting tool s disclosed in U S’ Patent

3,051, 243, incorporated herein by reference. 25 E Qper ati on of~the
upper flapper val ve assenbly 10A and | ower fl apper valve assenbly | OBW's

the sane as preV|oust descrlbed W t h2gespect to the enbodi nent shown in
Figure 2A and Figure 5, with the exception that the |ower -28- flapper

val ve assenbly 10B as shown in Figure 9 is propped open by the prop

sl eeve fdappey yvalve assembdy 1dIB basnghowopied Blgureydt s tmmpmnd)e 46T.
An inportant difference in the arrangement shown in 5 Figures 9, 10 and

11 is ope te &BSer PrPPappleeveal 38SaBbeNhl J16s %@Eﬁé@d ?f eingd the

cl osure ate of the | ower f] apper valve assenbly being rel eased
subsequ&ﬁﬂ%P%ﬂtQQekaﬁyﬁk? % HﬁPFnﬂgpbenlng wel |~ service operati on,

According to an inportant feature of this enbodiment, the 10 tail pipe
e e i A GRRFLRT
e e
of retrygdembly 18aCt&ETeddedUE Yste, ShRAr ﬁﬂé‘sci%ui}ﬁd plgc&orarehéng 108
until the shear rating of the pins 106 i s overcone. The e prop sleeve is
retri evadbwer t il appdricoadvencagseible beikgsirelgased téiﬂzsraﬁlrezptpp 46.
after completion ‘of "an intervening well service operation.
.According to an important feature of this embodiment the LJ
10 tail pipe portion 46T is joined to the wash pipe 46 by an
-enlarged box connector 114 having a shoulder 112. In this
arrangement, as ‘the wash pipe and tail pipe'lisT are
retracted Upwardly;“*the'senlarged annular snoulder 112
‘engages the lower annular face 110 of the prop'sleeve 100.
15 The force of retraction is reacted through the shear pins
- 106 and -the collar*ringllce until the.shear rating_of the
'pinsplos“is'overcome; The prop sleeve is retrieQed to-the.
surface along witn the work string and the wash pipe 46.
Upon clearance of the tail pipe 46T; the upper.flapper valve
20 closure plate 70A rotates into seated engagement' against
valve seat '72A, thereby closing flow passage 96. and
isolating the screen with respect to the packer bore 30 as
illustrated in Figure 10. campletion.fluid remaining in the
-upper annulus 42 is thereby conserved and can'be.recoVered'

25 by pumping it to the surface.

Referring again to Figure 10, when it is desirable

to perform an'intervening:well service Operation such as an



Upon cl earance of the tail pipe 46T, the upper flapper valve 20 closure
plate 70A rotates into seated engagenent agai nst valve seat 72A, thereby
closing= flow passage -96 - and isolating the screen with respect to the
packer«ore 30 as illustrated in Figure 10. Conpletion fluid remaining in

t he upper annulus 42 is thereby conserved and can be recovered 25 by
punping it to the surface. Referring again #89Fi gure 10, when it is
desirable to performan intervening well service operation such as an

-29- electric qu, per fl apper valve closure plate 70A is fractured

hydraulical ly dt %ﬁhgﬁriagky% BRPeK oflapperwyiadiyepelesure plakepdddadks
S 6 b TSRS AT bR DRetRaRL ek R, HReBp A
001 no- oper at NS el (Be’ A ' BRe=oBE, 9P Bl (Bh/ qlsttrical
Cosed by 10 rSaliy todlleb Be! Idertad Niid i BoLa\RE Rud' Schedd, .

out as previ®usthe deswerbasaWd helB8upkd Piate Wrb8 'ié‘egéh' %Eh”%ﬁ%lﬂgbwﬁ{b

s run into | atching engagenent with the 'shifting shoul der “144 of

col et latch 1%rop\n skbewé agssEmblle EI@UELEY ' AHERlledtridil bLodding

upper fl apper valve 10A is automatically closed upon retrieval of the wash
pi pe, thereby apemhtipnossAfitecothectliogyiigicperatont hast beenisicmddd),
otherwi se be the electrical logging tool is retrieved from the well, and
the lower flapper valve closure pléte 70B is closed by
10 retracting the prop sleeve assembly 116. This is carried
out as previously described with the. aid of a wire 1line
shifting tool which is run into latching engagement with the

shifting shoulder 144 of the collet latch 120.

An advantage of the foregoing arrangement is that

15 the upper flapper valve 10A is automatically closed upon
retrieval of the wash pipe, thereby avoiding 1loss of
completion fluid during the time which would otherwise be
required to run in a shearing tool to engage and forcibly
release the prop sleeve 102 from the collar 108. The

20 embodiment shown in Figures 9, 10 and 11 also can be used to
good advantage with undersized wash pipe. In some
instances, it might be desirable to use an undersized wash
pipe, and if undersized wash pipe were used to prop open the
.lower closure plate 70B as shown in Figure 5, the flapper
25 might ride at a large angle with respect to the axis of the
bore. Under such conditions, it is possible that frictional
engagement between the bumper pad 84 and the surface of the

wash pipe could be great enough to cause binding or seizure,



3

required to run in a shearing tool to-engage and forcibly rel ease the prop

sleeve 102 fromthe collar 108. The 20 enbodi nent shown in Fi gures 9,
10 and 11 al so can be used to good advantage with tundersized ~wask =
pi pe. In some instances, Z,md_ght be desirable to use an A%
undersi zed wash pipe, and if under5| wash pi pe were used to prop open

the I ower closure plate 70B as shown in Figure 5, the flapper 25 mght ride

at a Iaméraegl eoa%énmﬁgsrt@@ EPahfEbRYi Scpés&tné R £ e Ui 13,
condi tions is possible that frictional engagenent between the bunper

pad 84 phgst batuatiiase &f Aveirdeshbpi psiaeulthdangvablecaoldlet! Q drutse
bi ndi ng or seizure, -30- thereby breaking the frangi bl e closure plate
premat ur 20 y andhiprop t sheeoa assembilged by aS|m}kdﬁtrmmeﬁlenCMHgﬁrdsuch
120 and prop sl eeve assenbly 116 as illustrated in Figures 9, 10 and 11. 5
Al t hough., l@eandnddntion has been described wth reference to specific
enbodi nents, and with reference to a specific gravel pack and electri cal
| oggi ng operation, the fore%;ingndescrlptlon i S not |ntended to be

e

consBrued in a | Phthongh s& veRrieDs Redi f Pesn ofescibadie witdtl osed
W F”E?éﬁ%ﬁ%égsd b percbficornbpdame Veqsnap%a%cat e tirgafRgto 3@
et L8 Ve Bk BRu, i RAE, bRl PARREYRE. Eﬂ"ﬁ e
embodi nfolrégafngaldles]cﬁri"ﬁéim& l?ené‘éoﬂ%é&n&é}? tBV%'anstrued in a
limiting sense. Various modifications ~of. the disclosed o
1ol"embodiments as well as alternative applications of the ~
ninvention will be suggested to persons skilled in the art by
the foregoing specification and illustrations. It is there-
fore contemplated that the appended claims will cover any

such modifications, 'applications or embodiments as fall

15 within the scope of the invention.



-31- CLAIMS: 1. A dual flapper valve assenbly for Iimting the | oss of
conpletion fluid ip connection with a well service operation conprising, in
conmbi nation: tubul ar support means defining a flow passage; 5

a firgt;flapper valve assenbly connected in_%gries flowrelation with said

support neans, said first flapper valve assendly having a val ve closure

menber novabl e between first and second positions for closing and opening

said fl ow passage;c&ﬁ:s: _ a second fl apper val ve assenbly
connected in seri relation in said support neans, said second

flapper val ve assenbly having a val ve cl osure nenber novabl e between open
and cl osed passage posi tli.ons A cluadl d&liagpeandvabeai agsembilyf fow ddssageiq the
~and, 15 a prop sleeve mounted within said support neans,
'sai d prop sl eekesbeiafy aovpbetbionofladdextrendeangotiichowiith whi welilt sEmpse
the closure nenber of the first flapper valve in the open passage position
to a retract ed°pEIRtiiOR CPMATiSEingyi d ¥ iGAMbNLiPR: nenber i s di sengaged 20
and rel eased for novenent to the cl osed passage position. 2. A dual

fl apper val ve assenbly as def eiﬁ nclaiml, said yalye closure nmenber of
sai d second flapper valve as&g%ﬁ r ﬁﬁﬁqﬁfﬁﬂﬂﬁﬁﬁﬁl%e%¥n§gﬁa?hfﬁpﬁépassage'

projecting through said fl ow passage to prop its valve closure nenber
5 a first flapper valve assembly connected in

series flow relation with said support means, said first
flapper valve assembly héving a valve closure member movable
U/ between first and secdnd positions for closing and opening

said flow passage;

10 a second flapper valve assembly connected in
series flow relation in wéaié‘ su?pﬁré. meané: éaid second
flapper valve assembly having a valve closure member movable
between open and closed passage positions for closing and

opening said flow passage; and,

15 a prop sleeve mounted within said support
means, said prop sleeve being movable from an extended
position in which it props the closure member of the first
flapper valve in the open passage position to a retracted
position in which said first closure member is disengaged

20 and released for movement to the closed passage position.

2. A dual flapper valve assembly as defined in
claim 1, said valve closure member of said second flapper
valve assembly being engagable by a wash pipe projecting

through said flow passage to prop its valve closure member

oL
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. -32- in the open passage position, = and being novable to the closed passage
position upon retraction of said wash pipe out of said flaow passage. 3. ;
A dual flapper valve assenbly as defined in 5 clai'm 2,* i ncludi ng a waSh
pi pe extending through said flow passage in said first and second frgbéer
valves, a tail pipe and a coupling cot3Zr connecting said tail pipe to said
wash pipe, said coupling collar having an annul ar face which is engagable
with said prop sleeve for applying a shearing 10 force thereto upon
retracti 8/ otheaiapPemhsPagsgge 4poSitiogyal andapheing o mevakkeniha 4be
defi ned ig clgiml, said grgg sl eeve being at% ched Lo said tubul ar support
means byCiREsfaRassAgmsPogition, yppn FeLppet! aSadfnIWASR BdPEned in
15 cl ai m 4, s%id' Hg abl e _neans conprising a shear pin. 6. A dual .
fl apper o4F.8 a§§z %§°§épﬁgﬁ5ﬂ§j inclaim 1, including a collet latch
mounted for slidable novenent within said support neans, said prop sleeve

and collet |atch gging g0 --teg LB' gn@gﬁkkg[gé'gmbl a%‘ &, f e301'atch
Qﬁ%@hdeﬁ, B % ?n iC \%

bei ng novabl e bet ween an e ocki'ng postiron e valve

closue pigim 9 %id%[g-\cf_?g\g‘?;pioﬁsiiﬁgéﬂﬁdnaﬁﬁgpf KPER18Y £38d Prop .

sl eeve, to .a retracted, on in which saidlapper valve
cl osure pagbagel $n' ehgasFdrsd ald y&itnd Eldppét OsLIvad, Pastage pepet | on

7. A dual flapper valve assenbly as defined in.
and a coupling collar connecting said tail pipe to said wash
pipe, said coupling collat'having an annular face which is
‘engagable with said prop sleeve fbt:”applying ‘a shearing U

10 force thereto upéh retraction df said wash pipe.

4. A dual flapper valve'assembly as defined in
‘claim i, said prop SIeeve'being attached to said tubular

- support means by shearable means.

5. A dual flapper valve assembly as defined in

15 claim 4, said shearable means comprising a shear pin.

_ 6. A dual-flapper valve assembly as defined in
claim 1, 1ﬁcluding_ a collet latch mounted for slidable
movement with_in said support means, said prop sleeve and
colietilatéh being conpected in tandem relation, said collet

20 latch being mpvabie between an extended, blocking position
in which the valQé closure plate'of_one_flappér valve is
’ _ehgaged' and propped open by said prop sleeve, to a
retracted, unblocked position in whiéh said flapper valve
closure member is released for movement to 1t§ closed

25 passage.positioh.

7. A dual flapper valve assembly as defined in

|G



-33- claim6, wherein said collet |atch having flexible fingers which are
separated circunferentially by longitudinal slots, each collet finger

havi ng.an -ext ernal boss projecting 5 radially; said support sub having
first&g@d second annul ar | ocating recesses forned in the wall of its bore

at axially spaced | ocations; and, said extgﬁg@ bosses bei ng

received in 10 detented engagenent in said fi'rst annular |ocating recess
when said collet latch is in the extended, blocking posi- tion, and said
bosses bei ng recehyvRdel, nwdetephed engagenent within said second annul ar

| ocating recess when said collet latch is in the retracted, unbl ocked
position. 15 8. A dual fl apper val ve assenbly as defined in
claim1, including a second psapds| eeltetrouliadethni tHavirspi df ledoiibhe s@ppgets
means, said second prop sl eeve being novable froman extended position in
which it props 4ihkck| aser sepanbtedotisaunfereat ifdldypdry Vidnegl tudihalopidots,
passage 20 position to a retracted position in which said closure nenber is
di sengaged and faglaseellet nbirgent having ckose@xiesmje RR§$i oRroyecting
A dual flapper valve assenbly as defined in claim@8, including shearable
means connecﬁhﬁ?Qﬁﬂ4%ﬂ7said 25 prop sleeves to said tubul ar support neans
and including a collet latch nounted for slideable novenent within the bore

said support sub having first- and second
annular locating recesses formed in the wall of its bore at

axially spaced locations; and,

said external bosses being received 1in
10 detented engagement in said first annular locating recess
when said collet latch 1s in the extended, blocking posi-

“mgioal énd said bosses being received in detented engagement
within said second annular locating recess when said collet

latch is in the retracted, unblocked position.

15 8. A dual flapper valve assembly as defined in
claim 1, includiﬁg a second prép sleeve mounted within said
tubular support means, said second prop sleeve being movable
from an extended position- in which it  props the closure
member of said other flapper valve in the open passage

20 position to a retracted position in which said closure
member is disengaged and released for movement to its closed

passage position.

9. A dual flapper valve assembly as defined in
claim 8, including shearable means connecting one of said

25 prop sleeves to said tubular support means, and including a

collet latch mounted for slideable movement within the bore

* < L L} S *
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-34- of said support neans, said other.prop sleeve and said collet |atch
bei ng connected in tandemrelation, said collet |atch being nobvabl e between:-
an extended, |ocking position in which the valve closutre plate of one~—, :
flapper valve is 5 engaged and propped open by said prop sleev® to
a retracted, unbl ocked position in which said flapper valve cl osure nenber
is released for novenent to its closed passage position. 10. A dual

flapper o¥al ¥81@ssaigpor@s nitdingedsial dlOothak™ SropNE1eeve agdskalige
extendi ng through said fl ow passage in said first and second fl apper

val ves, colleitl lpiteh dedny omledted oln standanceélagioni, dshdid gdlnet o said
wash pi pe, said coupling collar having an annul ar face which is engageabl e
wi t h ongatiths bied ngy movabdey detiweempan yextendéd, sheaking posdeiidperigi 0 upon
retraction of said wash pipe. 11. A dual flapper valve assenbly for

limiti nghdied | the ovatvepl elosure| plate cefincne oflappern walveerds ce
operation conprising, in conbination: tubular_ support means defining a flow
pass§geenggged and proppedf i PRENf| B¥peSais v PERR enBl9C¥BanedOed d n

Valve ateERBRF ey  RLOTkPdc RABIRHAR oA a R L MRRET | FALYE
2 econBLPFH5Sor OARSE adSenBRy SABRiecEBr | MOYERREE | ton At 3959 sai d
tubularpggggggtpggagibnﬁaid“ ' _
10. A dual flapper valve assembly as defined in |
10 claim 8, including a wash pipe extending thfough said flow | ¥J
passage in said first and second flappe: valves, a tail pipe.
-and a COupling collar:éonnecting said tail'pipe to said.wash.
- pipe, said coupling collar havihg an annular face which is
engagé-able with oxié"'df‘ said prop.sleeve's for applying a

15 shearing force thereto upon retraction of said wash pipe.

11. A dual flapper valve assembly for limiting the
' loss of completion fluid in connection with a well service

operation comprising,'in combination:
tubular support means defining a flow passage;

20  a first flappéf valve éésembly connected in

series flow rélation with said.tubulaf support means;.said

first flapper valve assémbly having é Qalve ciosure member

movable between first and second positions for closing and
'opening said flow passage; |

55 a second flapper valve assém5iy COﬁnected in

series flow relation in said tubular suppért means, said
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-35- "second fl apper valve assenbly havi.ng a val ve cl osure menber novabl e
between first and second positions for closing and opening said flow
passage~ a‘first prop slieeve nounted within said 5 tubul ar support neans,
sai d f4est prop sl eeve being novable froman extended position in which it
props the closure nenber of the first flappeBdSralve in the open passage
position to a retracted position in which said first closure nenber is

di sengaged and ed.for novenent to t closed 10 passage position;

and, a second p%%%ggaeg%gpﬁﬁﬁnt‘@ V& ¥ RAVERd, asﬁf&jﬂ%ﬁ ‘-ﬁé’eﬁ%’{e Jegmber
second prop sl LN | egf ext osjtion in whigh it

props the. cl osﬁﬁeé‘?ang%e?eg?'é?ﬁeefsie{:%r?dgﬁ?a%ﬁ%?’g@glﬁsi'#?% gﬁgncéé’%’zﬂﬁe aed
position to a repéREREISRPS! FLOW i Leh said second closure nenber is

di sengaged and ?éél easgdsfor %eergﬁts%ggfhe cl osed passage position. 12. A
dual flapper valve assenbly as defined in claim1l, said first prop sleeve
being attached to said 20 tubdl afiggepoidrdppansl deve hepbalted™®edithad saig
sai d second prop sl eeve being supported within said tubular support condui
by a collet $attkbubant supportsmedash satd eftrét Wwibpnsieede! Wailf movable
support neans, said second prop sleeve and collet latch being connected in

t andem r el at i orfreMmi @msestended| pasd tbomg imvehliehbet be@rops ekhendelbsure

bl ocki ng position in which the valve closure plate of said second fl apper
val ve i s engagdtemher prabpddiepddrsE sflepperonvalve in the open passage

position to a retracted position in which said first closure

member is disen'gaged and released for movement to the closed

10 passage position; and,

a second prop sleeve mounted within said
tubular support means, said second prop sleeve being _mo_vable
from an extended position in which it props the closure
member of the second flapper valve in the open passage

15 position to a retracted position 1in which said second
closure member is disengaged and released for movement to
the closed passage position.

; 12. A dual flapper valve assembly .as defined in

claim 11, said first prop sleeve being attached to said
20 tubular support means by shearable meahs, and said second
prop sleeve being supported within said tubular support
conduit by a | coilet latch mounted for slideable movemen;t
"within said tubular support means, said seﬁond prop sleeve
and collet latch being connected in tandem relation, said
25 collet latch being movable between an extended, blocking
position in which the valve closuré plate of said second

flapper valve is engaged and propped open by said second
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-36- prop sleeve, to a retracted, unblocked position in which the valve

cl osure nenber of the second flapper valve is rel eased for movement to its
cl osed passage position. 13. A gravel packing apparatus for treatingya 5
formation surrounding a perforated zone of a subterranean well casing®
conprising, in conbination: a packer-36é<€l uding a mandrel having a bore,
anchoring and sealing neans for securing said mandrel on said well casing
and sealing therebetween; a screen support 10 _sub attached to and dependi ng
fr om t hPrpacEdeeyenditd @ Fefmaatedouprbiockedpasitieanisupbdch e in
communi cation with said packer_baore; a first. flapper valve assenbly coupl ed
to sai dv§aﬁﬁoﬁl°§%edﬁl? Lo he ReGRRd %&Papggr ¥ehvendss xied oasader

bore, said first fla | ve 15. assenbly inclk Sing a val ve 'seat having a

bore t haP&t ﬁpgm%&pogr#q\égrféqﬁ%d \/%7?/'%3%%0'3%%%% PBre rotatabl e about pivot

means carried by said valve seat for preventing flow through said first

val ve bore when siay d c_,I_}QSLHI%‘glat gglcgti aﬁggag.g%}dgzt o?aiigrdsét.':{ﬁé aval ve

seat; a second” {1 apper *valve ass couple 0 sal d support sub

and igt %mo@ﬁ‘t%ﬁﬂoﬁﬁ&ﬂngsCé.eggﬁgaﬁéteﬁhezoﬁé’r%f %4 shbtdr c%‘{ﬁnng.a.

fl apper valve assenbly, said se fl apper valve assenbly in

val ve sqalllhadsing dunipr id1ie) MwuebmBifatibhaangi bl e val ve closure plate
rot at abl e about pivot means carried by said 25 second val ve seat for

preventing flow through said second val ve bore when sai d second cl osure
plate is engaged agai mstpacker including a mandrel having a bore,
anchoring and sealing meﬁns for'sgcuring said mandrel on’
- said well césing'ahd seéling.therebéﬁwéqn:-a screen support' ¥) _
10 sub attached to and'depending frbﬁ_ﬁhe packer mandrel; a
screen coupled to said screen support sub in communication
w;th said packer bore; a first flapper ‘valve assembly
coupled to said support sub and interposed between said
‘screen and said packer bore;. said first flappéf' valve
?is_assembly including a valve seat having a bore thérefhrough
and a frangible valve closure plate rotatable about pivpt:
means carried by said valve seat for preventiné flow through
said first valve bore when said clqsure p;ate 1s engaged L)
against said first valve seat; a ‘second flapper valve
20 assémbly coupled to.séid_sﬁpport sub énd interposed between
said scrééh and'.the béfe. of said: first .flappe:_ valve
'assembly, Said second flapper valve assembly_ including a
_valve seat haVihg a bore thetethrough_éhd a ff;ngible.valve
'élosure plaﬁé:rota£éble about piv6t heans carried by said
25 second v&1vé'seat'fdr b?eéenﬁing f1ow through said second
valve bore when ééid'sééond closure plate is engaged againsﬁ

Said second valve seéﬁ;'and, a tubular prop sleeve mounted
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sai d secend val ve seat; and, a tubular. prop sl eeve nounted -37- within
sgidﬂsupport sub for axial novenent froma first position in which said
prop sl.eeve-engages the valve closure plate of said first flapper valve
assensgg and holds said.closure plate in the open passage position, to a
second™5 position in which said prop sleeve is disengaged fromsaid first
closure plate to permt said first closure-@7xte to nove into sealing
engagenent agai nst said valve seat. 14. A nmethod for limting the |oss of
conpletion fluid duriqg successive wel] service operations conprising 10

the steps: insthFRiRg r SHRPOFSpeFUP| dffer 3Fdide SMAYGPRBES bR bje first

i | ??L&E%S???@?%ﬁ 3 ¥hiBnr g@eﬁ%@ﬁ%&%ﬁ%&ﬁ%&@ t#le, Sygsire

bosition by erBgEe,Ana i FiEsto dauRdr DoRIYE, Fhadhetll SRE s sata

suspended in Séigsﬁkgwrﬂ?@ééégih ctRs! %é&egﬁgﬁﬁé@e ﬁbeigiaﬁ,sw aOVELcafa
S t hr dugh

fl apper valve upon retraction of a wa pI p sal d support sub;

hol di ng theﬁﬂﬁﬁ§1€iéha&ﬁ*ﬁhﬂéﬁfs&&@rpEbﬁp%%éé6éstiBihﬂﬁgﬁ@%ﬂl¥¥6h said
position by a prop sleeve mounted within Said support sub; 25
rupturing the £ipstrelpstire gplate dtbowermit said first closure plate to

move into sealing engagement against said valve seat.

14. A method for limiting the loss of completion
U fluid during successive well service operations comprising

19 the steps:

installing lower and upper flapper valves
having frangible closure plates movable between open bore
| and closed bore positions in the flow passage of a tubular

support sub between a packer and a screen;

15 ' holding the closure plate of the lower flapper
"valve in the open'bore pos;tion by engaging the lower valve
closure plate with a wash pipe suspended in said flow

passage;

closing the closure plate of said lower
20 flapper valve upon retraction of a wash pipe through said

‘support sub;

holding the closure plate of the upper flapper
valve in the open bore positi.on by a prop sleeve mounted

within said support'sub;

25 rupturing the closure plate of said lower
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-38- flapper valve; running a well service tool through said prop sleeve _
and | ower ‘flapper valve; conducting a well service operati.on;’ 5 3
retracting said well service tool through said prop sleeve and upper ;

fl apper valve; and, retracting said prop sleeve to permt the cIosd?@
plate of said upper flapper valve to_ggve to the closed bore position. 10
15. A nethod for protecting a producing formation during a well service
operation in which a columm of fluid is contained within the well annulus
above afiMalppeiCr@Aveonprising the steps of utilizing first and second

fl apper valves for controlllng flow fromthe annulus to the well 15 screen,
w th each flapper valve having a frangible valve cl osure elenment which is
hel d open by first anduwecingl areeplngemrine steoll throgghepardt gnop
rupturable by forcible neans; closing the first flapper valve by actuating
t he f|rgﬂepwuppm@blmuﬁnwfkappemc0mhu€at|ng a first well service 20
operation; forcibly opening the first flapper valve while the second

fl apper val ve renmai ns open by_the second propping nmenber to :
accormodate a subsequé-lr%{ ‘5& rér%‘&%l%pﬁ?ﬁﬂ-ﬁﬁ OPPE3tAGNGhe second fl apper
val ve by actuation of the second propplng menber upon conpl etion of the

Seredand the pr oot R SRl ENFRD EnBdfenRobl” thcugkdadd O 110

prop sleeve and upper flapper valve; and

retracting said prop ‘'sleeve to permit the
closure plate of said upper flapper valve to move to the

closed bore position.

10  15. A method for protecting a producing formation
during a well service operation in which a'column of fluid
1s contained within the well annulus above ‘a well screen
comprising the steps of utilizing first and second flapper
valves for controlling flow from the annulus to the well

1'5 .'screen; with eech_'_ flapper_ v:alve. having a frangible valve |

| closure element' wnich is held open_ by'.first and second
propping members and being separately rupturable by forcible
meane; closing the first flapper valve by actuating the
first propping member for accommodating a first well service

20 operation; forcibly opening the first flapper valve'while
the second flapper valve remains propped open.by tne second
'propping member to accommodate a subsequent well service

| operation, closing_theeseoond_flapper-valve by actuation of
‘the second propping member upon completion of the subsequent
25 service operation to isolate fluids in the well bore from

the: screen and the production formation during subseuent
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-39- retrieval of the work string and. subsequent running of the production
string. 16. A dual, flapper valve assenbly for limting the | oss of
conpletion-fluid in connection with a well service operation, constructed
and d&ganged for use and operation substantially as described herein with
reference to the acconpanying drawi ngs. 17. A gravel packing apparatus
constructed and arranged for use and operat3®n substantially as descri bed
herein with reference to the acconpanying draw ngs. 18. A nethod for
protecting a producing formation during a well service operation
substantiallyr£§q%§%§ efesthepwerk string and subsequent running of the

production string.

16. A dual flapper valve assembly for limiting
the loss of completion fluid in connection with a well
service operation, constructed and arranged for use and
operétion substantially as described herein with

reference to the accompanying drawings.

- 17. A gravel packing apparatus constructed and

-/
arranged for use and operation substantially as described
herein with reference to the accompanying drawings.

18. A method for protecting a producing formation
during a well service operation substantially as herein
described.

-/

-
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