2107397 WELL PRODUCTI ON APPARATUS AND METHOD Thi's invention relates to

apparatus and a nethod for well productlon and nore parti cul agmm
pro@gs{i on apparatus and a method using a jet type :punmp. Jet I97

pu perated by a power fluid have bequ used for  many years for pr odum ng

wat wel s and oil wel T
supplied through a nozz@&qggeé pressure head mtor
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different- jet punp systens have been. used for the production of well fluid.
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parallel tubjng strings in wh power downwardly in one
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15 Stream. In another form of jet pump the power fluid flows
upwardly entraining the produced fluids in the upward flowing
stream. In each of these prior art jet pump systems,
however, crossover devices are used to ultimately direct the

~power fluid and thé:entrained produced fluids upwardly in '
' 20 the well bore toward the surface. Prior art systems have
employed such cfossover devices in both casing-tubing annulus

type systems and in systems using H-members in parallel
tubing strings in which the power fluid flows downwardly in
one string and upwardly with the produced fluids in a second

25 string in the well bore. The crossover devices employed in
both types of well production systems require that the stream
of power flhid with entrained produced fluid change
directions one or more times resulting in direct impingement
of the flow stream on inside wall surfaces of the crossover

30 device. Produced well fluids often include solid material

- such as sand. Each time that the power fluid and produced

fluid stream changes direction each 1n51de wail surface of
the crossover device is subjected to direct pump blast
erosion which substantially reduces the useful life of the
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-2- crossover device. Cbviously when a crossover in a well system such-as.
.an. H-nmenber and the crossover device in a casing-annu- |us systemfail/4,s :
is necessary to renove the system: repl ace the crossover devicé and

ré+fstall the system . Renoval and re- 5 - installation of all of the
production equipment in a well which is redmired in such a failure is
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transverse borp?:owde new and improved method and apparatus for jet- pump pro-
duction of wells. ; '

_ "It is another object of the"invent'ion to- _provide method
¢« . and apparatus for jet pump production of wells in which ohange
...~ 20 of flow direction of the produced well fiuids is not required.

' It is another object of the J.nventJ.on to provide a Jet
. pump system for wells in which ‘the power fluid is flowmg in an
upward d1rectlon when' the produced fluids are entramed in the

" power fluid. ' '
25 . It is another object of the invention’ to"provide"a jet
pump system in which the pump may be installed and retrieved by .
" either a conventmnal wireline ‘system or a hydraulic pump-down
system in which tool trains mcludmg seal units or locomotives
are pumped to and from the crossover device 1n whlch the Jet.

30 pump is installed.

. Accordingly, the invention provides a jet pump assembly

- for producing a well, comprising a pump housmg_havmg a longi-
tudinal bore provided with an -.inlet' end, a: transverse bore

_ opening into- said - inlet end, and an outlet end - for dis‘char‘ge
35 into a producmg flow path having an axis allgned with the ax1s
of said housing bore, a nozzle body and a nozzle arranged in
tandem in said longitudinal bore near the inlet end thereof




-opening into said inlet end, and an outlet end for discharge 35 . into a
producing flow path having an axis aligned with the axis of said housing
bor nozzl e body and a nozzle arranged:-in tandemin said | ongitudinal

- bor ar the inlet end thereof -3- downstream from said transverse boré&
. for Teceiving power fluid introduced i ntd said.housing through said
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well, a Iock‘Pﬁ@i Sfa'l s2ddePBFFL N Eo3t Rpmbegiunand 5ididiEESLers or
o ][el easagl y b@@?dlg naﬁm:qﬁd emhrtuﬁaeﬁl aIshe @[Wﬁﬁlalw dsttalyhitg. 1oﬁt;gl-lng
or roduci n uj as rou Il el ow
ot d punp | bl ude" RO BubBtant il ebat gl Hih, How AL,
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entrained in said power fluid through said jet pump and into
said produc_ln_g £low _passage_ l_nove along a _subst_:ant;ally straight .

_2'0' line path wit_h_bui_: impinging upon internal surfaces  in said
well, a locking mandrel -as-sembly on _Said'. housing around said
diffuser for releas_ably locking said jet pump along a producing
fluids tubing s-tr.ing - for producing fluids through said tubing
string with said pump from below said pump into said string

25 _above said pump along a substantially straight line flow path,
and a seal assembly on said housmg above said transverse flow

. passage around said diffuser ‘adapted to seal with the inner

.t

~wall of a 'tubing for sealing off an annulus in said tubing -

- around said housmg to direct power £luid 1nto said transverse

‘30 flow passage. | _

'rhe mventJ.on also prov1des a method of producmg a well
having ,a _bor_e J,no.l.udl_ng __a first flow p_assage .for_._J_.nt_roducmg a |

"'jet pump power - fluid downwardly along said bore, a second sep~

.. arate flow passage for producing ‘well fluids ‘upwardly along
35 sa1d bore, - and a cross-over flow passage between said first and
' second flow passages, saJ.d method of producmg comprising in-
_trodocmg a -jet pump into said second flow passage, said jet



- 30 .flow passage. The invention also provides a nethod of producing a
having a bore including a first flow passage for introducing a jet pung
: povver fluid downwardly al'ohg said hore, a second sep- arate flow passdgel*
far/ produci ng wel | fluids upwar dl y al ong 35 said bore, and a cross-ouel
~flow passage between said first and secondqflow passages, said nmethod of
produci ng conpiumE hgviing npeant dorgdischargingp powen £huigd @@domoﬁum well
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Figure 2 i aﬁmmntary schematlc view in section and elevation of a jet
punp systen1|nstalIqﬂel@ogeégfggyagggcggv5&§ advantages of the invention as
o well as the specific details of preferred embodlments thereof
will be better understood from the followmg detailed descrip-
tion taken in con]unctlon with the accompanying draw1ngs
20 wherein: ' '

_ Figure 1 is a fragmentary schematic view in section and
'elevati,on' of a jet pump system installed in an H-me'_mber conn-
ection parallel tubing Et_ripgs' for use in a well bore in
accordaince with one embodiment of the invention; |

25 Figure 2 is a fragmentary schematic view in section and
elevation of a jet_”pump' system installed in a crossover device

_ between a wall casing and a well production tubing in accord-

e ance with the invention; '

- | Figures 3A ‘and " 3B taken together form a longltudlnal view

30 . in _sectlon and elevation of a jet pump embodying ‘the features

@

of the invention connected with a locking mandrel for releasbly-'
looking the pump in a crossover device in a well bore;
Figure 4 is a view in section along l_ine 4-4 of Figure 3;
and o
35 '~ Figure 5 is a longitudinal view in section and elevation
of a lower packing mandrel assembly for use wz.th the jet pump
as shown in Figures 3A - 3B. '



between a wall casing and a well production tubing in accord- ance with the
i'nve n; Figures 3A and 3B taken together forma |ongitudinal view 30
in si on and el evation of a jet punp enbodying the features of the p
i nvention connected with a | ocking mandrel for releasbly |ocking the punmp..\
~ in-a crossover dev%;% inawell bore; Figurda4 is a viewin section along _
~tine 4-4 -of FigureRefeuntn®g:o FiguresFByw B3 kS 'ét'ﬂﬂ@' tydi } i.n
'section and eledtdire8N o2l thel qﬁéngﬁ%i 1y marﬁr el .Jassenbl }W%ﬁ%ﬁ%ﬁé‘vm‘% he +
) as n i - SB." 1S _gepnected, Wikl a0 lecking smanirel3B,

jet punp as shown in Figures

“a jet punp 1GSSEB4Yi &y for medemsebly ofoakimgi mhienjé®punp GANNEC -t h a
| ocking nmandrel assenbly 11 for releasably locking the jet punp in 10 15
2015 30 35 -5- either of the well production systenms illustrated in

Figures 17and 2. The punp has a housing 12 connected al ong-a | gwer end
portion with-a sub 13 for coupling the housing with a packing sandrel of
- Figure.5. An annul ar bearing nenber 14 is secured to the |ower end of the

~ housing within the sub 13. 5 Referring to Figures' and 3B, the
| ower portion of the jet punp housing 12 has a graduateg or stepped blin
-bore which includes-an;upmardly:facing:internal annul ¢ .shou!der -
1o -
o S
15
20 )
25 -
/ .
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15, a vertical portion 20, an internal annular shoulder 21 at the | ower end-
~of the vertical portion 20 and a blind bore 10 | ower end portion 22. - .
Referring to Figure 4; the lower end portion°®of the punp housing 12 has qz;g;
phutality of C|rcunferent|ally spaced veLgical bores 23 which open at upp

ends through t he sur d at_ | ower ends thr, 't he omer end of the-
housi ng into ﬁ@%@atﬁﬁoﬂﬁﬂftmtﬂe&ﬁw gig wrated (40 Fgures, sub
_llg_»-f or I ugvvar d1f &ndv ?.f uhgdpuﬁpﬁms lauhdasing a2 fw;xpebtedlraidmlal hower A
atera ore Qr e oLt n.o ng 12
opening into %ﬁd %f nogl"*éﬂp%r ‘.’%ﬁ'\%?&. ??u thg g&x%%'t%hegf | ow of
power fluid |mokmge n}wﬂrpﬂmtpf RiguxieuSar MZa_ﬂmﬂ@@' beayims memben hézig e 30
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sl eeve 31 fltted |nto ousi n wer end ortlon of the
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34 on the nozz Ext er nal ~annul ar sea and 40 wthin Iong|tud| nal ly
spaced ex1@r néPW%mrﬁﬂdaPOF-’éé@%s%% ‘alRefgrring ey Fligusedd, Xhesdowepeei@en t he

nozzl e body apgrtivh ¥ enefpllye Hduadng B3 kel Avplaeasieg\ex shoul der 33.
Thus, the nozzle body 25 |s supported V\Athlf t he p rrp hptigld?g 12 on 35 the

shoul der 21: FHECWREEReptigliy vegticp H‘@rﬁﬁp NoAtt he
housi ng 25; aungpéihendsuthiroggh! wy suzfabel Il atdiﬂeat lowey |ends0 thoopgisi t i on
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bores 41 W& cheamping tmlenbeghlé hand dher behtbltbfsqmd3sﬁe§vm fdomefcate at
upper ends Wi phodtdion ¢10288s Cintd' The" 96t Slp/ housing. A lateral bore
' 24 is formed in the lower port:.on of the pump housing 12 |
opening into the blind bore portion 22 within the hous:.ng for
- the flow of power fluid into the jet pump. A tubular nozzle

" 20 body 25 and a nozzlle. 30 arranged in tandem with the body 25

are supported with a tubular mounting sleeve 31 fitted into

- the pump housing 12. The lower end portion of the nozzle
body 25 is engaged w1th1n the pump housing bore portion 20.
' The lower end edge of the body 25 rests on the annular
25 shoulder: 21 within the pump housing. A ring seal 32 within
.  an external annular recess around the.bedy 25 seals between
'; , the body and the surface defining the pump housing bore
' ) | portion 20. The mounting sleeve 31 has an 1nternal annular _ _
.f;'._ L "support shoulder 33 which engages an external’ annular support o
B 30 shoulder 34 on the nozzle 30. External annular seals 35 and
40 within longltud1nally spaced external annular recesses
‘along the nozzle body 25 seal between the nozzle body and the
bore of the sleeve 31 below the sleeve shoulder 33. Thus, -
.~ the nozzle body 25 is supported within the puinp housing 12 on
35 the shoulder 21; the nozzle 30 is supported on the upper end’
- edge of the housingnzsz and the mounting sleeve_31 holds the



—annul ar inlet

spaced slots 42. An annul ar fIOM/space 43 S deflned within the punp.

‘hou_;-o 12 around the rozzle body 25 between the |ower énd of the sleeve 31
{8iD9 shout der - surface 15 of the housing 12. Produced wel | fIU|ds pass \‘/

iy fromthe bore t hrough the sub-é-8 and the bearing member ‘14 into

B e R g R
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Elo gglr ﬁgB{fz 5,#53%% 11:‘@1'1-.: 1-”8&&“%'}@]&&3“%5?1% g%"?e% ﬁas at Bﬁl P lcJ)PrPn
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end-of the. throat _bore wer € 0 Ieev 44 |5 engaged
o En°t heB At S1PEEAZ (e SOPULRE SOMGERFR S HES SRRIEdTi R o

nozzl e bodythth pump hb&stl@gzlma’tauné\nthmmdzzIeSbeﬂyS%IBEMeﬁXtHé nal annul ar -

_recess at t d | gev e e d the .
i nsi de bor efl%"fﬁ’? gg’g §an' Fﬁé éﬁ%vi gsislﬁé%fi} %@H?S%%B\A%} f'tean 35 ‘g)f{ ?ﬂée] menber
‘43 has a ddwnaingl }2anmmwlllélw%ms§uﬂm@hﬂ finomc the sberenced
fromthe noggld gixotﬁ 8dshb 013 ha uﬁeeﬁeﬂﬁgoineinberswemo?%narﬂw' ng an

orthelnflowof roducedflwdsais nd th zle. A '
t ubul ar ﬂ@c‘k‘?‘fﬁf PandPEP ERRAREBHIAE BARCS det EXPBEhick Fhe, portion ¥
into the upgRiidan&lew uﬂmtmryp iRoUke rngories AWPPEr the sidewe Gakaﬁ@ mandrel 11

g eenr clvEbahy, SRdet e ArEh R ainR. HBE B8 HRTREV G Y o
portion of ndwele 80ve 44 sealing. around the sleeve wi:thin 35t he bore of the -
hous n 15 ar cu i BRgBR i0 115488 80 » Sl s 0035 Sl 01D,
60 and t k& within a sleeve 44 in the pump ‘housing 12. - The member 43 has _ L
a lower throat port:.on 45 which has a uniform dJ.ameter bore .
50 and an upper diffuser portJ.on 51 having an upwardly _
 divergent bore 52 communicating at a lower end thereof with
the upper end -of the throat bore 50. The lower edge of the
20 sleeve 44 is engaged with the upper end face of the sleeve 31
| holdmg the sleeve 31 on the nozzle body 25 and the nozzle
30. An annular seal 53 in an external annular recess at the
lower end of the sleeve 44.seals between the sleeve and the
inside bore surface of the pump housing 12. -~ The lower end
25 of the member 43 has a downwardly and outwardly flared end
surface 54 which is spaced from the nozzle 30 and from the
- upper end of the sleeve 31 providing an annular inlet 55 for
the inflow of produced fluids around the nozzle. -
A tubular l'ocJ;i_ng mandrel body 60 is threaded along a .
30 l_ower end port.i'o_n into the upper end of the pump housing 12 |
| supporting the locking mandrel 11 on the jet pump. The
sleeve 44 extends into the locking mandrel body. A ring seal
61 is mounted in an external annular recess along '_the upper
. end portion of the -sleeve 44 sealing around the sleeve within
35the bore of the locking mandrel body 60. A fing-'. seal 62
within the upper end of the pump housing 12 around the . -
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housi ng 12. A seal assernbly:-63 is nounted within an ext er nal annul@ o
recess 64 provided around the upper end portion of the hou5|ng 12 an he

| oner- 'end . pori-on of the Tocking mandrel body 60 for sealing around the j et '_"
 puAp Within the 5. tubing wall. The |ockijag mandrel .11 is a standard form

~of l'ocking assenbly for releasabl | ocking well tools al the_wel | bore
such as the uUARking pandx éf weeReHiR - %r& an %e%‘?ﬁl bed and
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nmounted on a ong a top handling sub 7
plurality Bf mbmmﬂellbnt ially spaced downwardly extending fingers 72 are

formed on the top 4uh)6ki ﬂ%‘ﬁ%%l"‘nhié‘é@aﬁa&&tfdﬂnnw $odRiNEt veen a

| ower | ocking p05|t|on as own_ 20 in Fjgure_3A an

posi ti on, notassemply far rejeasapl # ‘% etls FAQ %?q:ﬂ"@p%?n@%f%n t he

';OCk'”g ”BndrE&réNHﬁthGQsbﬂmMﬂﬁmEkhﬁlﬁpngqmbfiaembfGhldNas Hrmembemect ed at
ower ends retai.ning.the loc gl arly -

ci rcunf er ent i SYF8) as%&&%ﬁ”’r%‘?‘g aﬂ’gr ‘i;y,g 4 gl ES e, top sub 1 at the
upper ends1ofmqméemggr§0ﬂmmlmeﬁatm&ﬂce§u n‘@%‘i’st £0 " RPE geabl e

“with the CONNEGh r %ﬁﬁli&l@e& 1978s ofhe Neckehget fingers
70 so that the to%ghsug E:!;Gﬂﬁné}ﬂﬁ il

Fi gure 3A topmandred) %&aé?r]gl% %gkégga?°§étp%ﬁngggi%e$cﬁ%aﬂ'$% %ﬁwn a
| ocki ng mandr ghedresbhneetsa! thdkinch€ingers Ut aagacnsexpmdamdt coftract body
The' 1 ocki ng. chveraidy B8ETPelPy Spa IBHIE oF RBRpCndlifidy e Eniol (00
so that asj)ghmipplkiprefidedr etherdoekingvwalkled ﬁ5355|m9141ﬁ~'@¥99| aadof a well
the fingers TPoRifldiRSig! 41 AUBIR bBGnd! 4198 nhRazend Nilb e Thngers 70 do
: | plurallty of c1rcumferent1ally spaced downwardly extendlng
fingers 72 are formed on the top sub for movement within the
. ‘collet fingers 70 between a lower locking position as shown
t20 in Figure-BA ana_an-uppér'release'position;fnot shown. ‘A
- plurality of retainer fins 73 are formed on the locking -
mandrel body 60 between the fingers 70 whlch are
 interconnected at lower ends retalnlng the locklng collet 65
on the body. Similarly c1rcumferent1ally spaced reta;ner '
25 fins 74 along the top sub 71 at the upper ends of the fingers -
72 between the collet flngers 70 are engageable with the
connecting portions between the upper ends of the collet
fingers 70 so that the top sub is held on: the locklng mandrel
body; As shown in. Flgure 3A top sub 71 is held by a shéar
30 pin 75- extendlng into the locking mandrel body 60 holdlng the;
top sub agalnst movement of the body unt11 release of the
lockng mandrel from the n1pple profile is de31red. The
" locking collet 65 is free for limited movement upwardly on
the top sub so that as- the locking mandrel moves downwardly
35 in the tubing of a well the fingers 70 drag 'upwardly above
the fingers 72 so that the fingers 70 do not lock the_locklng




- of the |nvent|(§?f&F€m%s'éQi Bigurgq8e ?pagking mepdrel 385

_ g agalnst downwar d novement.. Wen the | ocki ng. nandrel reaches a

“nipfAe profile the | ocking collet 65 drops downwardly on the top sub to the
ifoh shown in Figure 3A so that the collet fingers 72 within the \.?

ng 70 hold the 5 fingers 70 outmaadly at l'ocked positions. The "
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- - detail C e f1316i,gures 1 and 2. Referring.
to Fi gurgro B{E‘O?.G‘Hdk‘i Pv%gléu%ﬁ%gﬁ? g?%?ni?\r?t% whi ¢h t he od and jet punp
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eqw pmsnt WHe et pullp 4§ Shown iihl PS§6Ré BBJ NThe packing mandrel .

~ assembly 80 operates m conjunctlon with the seal assembly 63
- on the jet pump body to seal off an annular space along a-
‘20 tubing in which the'.je;t pump is installed for directing power
- fluid to the pump. ‘through the transverse bore 24 as explained
in further detail in connect:.on with the systems shown in
Figures 1 and 2. .
Referring to Flgure 1, one well product:l.on system in.
25 which the method and Jjet pump of the invention are used .
includes f:.rst and second tubing strings 90 and 91 wh:.ch are -
interconnected at a desired depth in a well bore by an

H-member 92 including a crossover connection 93 communicating | 3
the two tubing strings. The H-member is a part of - pumpdown o _
'30_ completion. equ:.pment manufactured by Otis Engmeermg - o -

- Corporation. as descr:.bed and illustrated in the Pumpdovm _
Completion Equipment Catalog, supra. . The H-member also - . -
includes a landing _mppl_e_prolee 94 at which. 'thé locking
niand_rel'. 11 releasably locks the jet pump. One arrangement of

35 p_r_od_uctioh' equipment which may be.-_used as illhs_iirate’d. in

~ Figure 1 includes the jet pump 10 coupled with the locking

‘mandrel 11 and with the packing mandrel 80, a ‘suitable




Figure. 1 includes the jet punmp 10 coupl ed with the | ocking mandrel
with the packing mandrel 80, a suitable -9-""standi ng or check val=
and a-screen 101. The check wval ve and screen are standard equi.pment ™

onfiected with the intake end of well preduction tools for screening out

'f eign matter as production fluids flow and for allow ng rdJlow5 S
“into the jet wndﬁhglerpclmdbdﬂ&gedmm A §ﬁFee'Bo]tar,¥'t hgﬁgm@?ﬁﬁlﬁg valve
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string. As thg,4ogle igceBnl §0Ft£&ﬂl hhteuuh:ﬂm thchglstmﬂtglgﬁdt% col | et
20 65 i s dragged upwardl ease _posit ngers 72
until the I1@Rbﬂgtwq9eﬁ¥§§§‘é?ﬁ){ %Yr @ﬁéﬂg 3% éiqﬁe@b%fe:lgge v{(akaligrl ?"te{’]t go go .
~shoul der 16 ognafﬁdoﬁdms‘poh@mmwangqgemqlmobg&hsﬂﬁmmh aﬁStw§+£

-within the H penber | to ,Coh| @ie fusegefs 70
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25with the ni € no- gg shoul oI | et
fingers 65 expaﬂdlma vequiippentta suidaplef bing 68 Fn@gﬁmmfy around -
the i nner fi nggﬁ ?ggia\/q; i¢h RhEVEsp g,jbenobhethé |]myk|:|.sg mandredoddr £65i ng

cki ng
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punpdown pi st GRerNpiripdcken eadi prentpdis wedhseyakis .15%5 P
‘locomotives or seal units are connected with the top sub 71
for running the tool train into the tubing strlng.- As the
- tool train . is moved through the tublng string 91 the collet
fﬁ | 2065 1s dragged upwardly to a release p051tlon above ‘the co}let
| | flngers 72 until the locking collet assembly reaches ‘the
H—member 92 where the no-go shoulder 16 on the Jet pump
hous1ng engages a no-go shoulder, not shown, within the
‘H-member which is positioned to allgn the collet flngers 70
'25‘n1th the nipple profile 94 when the no-go shoulders engage.
The collet fingers 65 expand outwardly into the proflle 94
dropping. downwardly around the inner flngers 72 which prevent .
the collet fingers from compre531ng inwardly thereby 1ock1ng
the: locking mandrel 11 at the 1and1ng nlpple prof11e. The
_3c,runn1ng tool along w1th the other wireline equlpment or
| pumpdown piston units, depending upon which system 1s ‘used
for installing the Jet pump, are . then removed from the tublng
strlng 91. . : ' e S
' With the jet pump tool strlng 1nstalled in the
sproductlon tubing 91 at the H-member of a weIl, as’ ‘shown in.
Figure 1, the packlng assembly 63 on the’ Jet pump hou51ng and
" the packlng assembly 82 on the packlng mandrel 80 seal off an
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for installing the jet punp, are then rermved fromthe t ubi ng strlng 91.
_'-W p={ he jet punp tool string installed in-the 35production tubing 91 at
-t ,marrber of a well, as shown in Figure 1, the packing assenbly 63 on

= t"“‘punp housi ng and t he packing aaserrbly 82 on the packing nmandrel -8
5 of f an -10-_ann ac 2 thl jhe tuhing 91 around the jet _
o ond oBERRKAT apate 102 wEBRET e sibie ok sl RhepTeS IR ubi g :
) -_.?Lou?dbt he apdt packing mandgeddthéraby f:.lst)ildezbglthe tspacpawktintn asmenbldy 8t2h| _
the ‘tubing _string URpRE uid within
- the.tubi ngtg‘%’?'fla %g\l}g Hggdg&%ﬁ F%%@'eﬁ%ﬁ qtil ﬁﬁgagn% %‘Sace 102 -
provi des. apﬁblmn\paassefmbrlypéﬁ/emfthﬁ dubdog steing Gdsendr puapdtr 93 to t he '
pover fkul irbahs%l@wﬁ‘aasosnaw FIYIR. W éﬂe”hﬁbz?\’}glféﬁ Y gpe water

“or oil, om_the surface 10 downwar In the ng 90 to
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_ DOrBFtL|UI¢16r0y§tﬁa&ﬁﬁQkﬁ&r;ﬂI@MDHhkhﬁt?éaa&&mﬂwe33ménbﬁitm@1kubh?? 98
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enters thePPgF pﬁﬁgla%&"glfgng? rﬁ%pﬁﬁogﬁgl%e p%"g@'lgfgﬁﬁf 'he | ateral

lﬁfren§4 i nwhiich| may thenwalteusonill. iShpujuped pirgm tthel surface i s s]elt u?gsalnn

menber i e

~.'the pro‘(iiuctal gﬂg?i)%fﬂ&%%ﬁ%ef’gw Pﬁ"ﬁtng? gu%%fé%gpﬁéﬁ ow %%ﬁgugh t he
‘screen 101thapnamlsdgemﬂ£mg@ bycthe é‘#&?ﬁgm%llm 108, the iREWeTt he | over
end of theg)aidPETed Natdetl iy e HIRh0 thé Nerdiaddiderd 98B RLeR | eieD. . t he bore

punp hous! F45VER 90 Ahtgothe a%uifaﬂ‘re‘?esbapssf&atqﬁe%nee e
~inwardly astundThéepgwelr filupd nemtErs et Heoumimg 1€ fromstHe a’a‘ﬁ:_ulat-o_the j et
U o5 oB58 " Whechil b YhearkienBUS T el ShE i BEligag. RS
t hr ough thé2verTthﬂ8t pump tool train is set at an H-member in the
Production tubing at a depth at which formation fluids in the
‘production tubing 91 below the jet pump tool train flow -
‘through . the'screen 101} upwardly through the standing valve
20 100, and into the lower end of the jet pump through the bore
of the packing mandrel 80, the bore through the sub 13 and
bearing member 14 oflthe jet pump, and along the pump housing
-vertical bores 23, the bores 41 of the sleeve member 31, and
- inwardly around the jet. pump-nozzle-30'through the slots 42
25 into the jet pump entry passage 55, Figure. 3A. The power _
“fluid which 1s being pumped at a high pressure flows upwardly -
in the jet pump from the_lateral bore 24 through the vertical @
~bore 22, along the nozzle body 25, and through the converging
bore of the nozzle 30. - The nozzle produces a high velocity ')
-'30 jet in the power fluid discharged upwardly from the nozzle - o .
" into the bore portion 50.0f the throat 45. This high |
velocity produced in|theJPOwer'fluid-by the jet nozzle.
develops a_vacuhm in the annular entry passage 55 and along
the throat boregsopwhich causes the well production fluids to
35 flow upwardly-from below . the jeﬁ;pump.tool trhin_along the
previously described path into the jet'pump-throat;-_Within-'
the throat the power fluid mixes with the production fluids
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bore 22, al ong the nozzle. bod 25 and i |
K ) y 25, and through the convergin B

gozzlhe 30. The nozzle produces. a high velocity 30 jet |hgt hg gg\r/igro witd
|55e arged upwardly fromthe nozzle into the bore portion 50 of the\Fhro

45 This high velocity produced i nt he pgyer fluid by the jet nozzle

- devel ops a vacuumin the annul ar L “bor
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are attained 1 n t.he P%'Bgﬁdf#fasdﬁ‘l%&é”& athel Rextuxé Uflows a\l.pngltmg t he

bore of the td e | et '
rl)r oduct i on tuborg Qflt&Bo#@Ptﬁégﬂét pg"ﬁ’b he % ¥| neﬁieog&%g\%fllnntlg ur.e
p'r odurr:]t6| 1; Inwt Sgﬁ,ﬁg,{;ﬁ@t@nt?@mwmedbom lthet hstsBMEc%lQ'Wr Gﬁﬁh ire )
Phat "the pumpdddrstins ThoBRouRE 47 | fink) ERSAE miBtREE 1T e B b ne

| thej punp 1 nto e production t
and to t hq_osutﬁacmxﬁﬂamgthrothtm papﬂyc‘éﬂeqrhufghmﬁu %E pgt h. Ref ePrl lrjlgl ?g

Figure 3A7 1t will_he
55 around the nozZ epagg:\i' g* m:lés ¥ thar isvéntion ds pb%tage

ch the d d
tEe tgr??t 50 thet purges] ;fdmdsfmwﬁj alpnarth%o%fg%gwaw ‘gfstl{fl % o?hén | n the
punpe ui ds Hbf{“groat %?S%Ets@éfd/&@ ehohaea\@imanpahlymma@céanm ui ds

I ncr eases t
1 O t he sur .II: Q_C@athA Vm;\r&ptggte;yp% sgl' E \gsljf %l l g\%d'er?t r&i&hkrbhne pat h

s and solids are

-e“COU“terePs' RhB' RARE14Y enticlys £low hmmesagel sasamrgiethﬁ BeaskR 3% up to
through which the produced fluids flow mixing in the throat
50 with the power fluld, there is no change of direction in’
the pumped fluids. From the p01nt at which the velocity in
the produced fluids increases -in the throat 50 the pumped
‘£luids follow a straight line path to the surface. A wide

_:varlety of mixtures of fluids and sollds are. encountered in -
- producing wells. Those solids range in character up to.
highly abrasive sand partlcles which in prlor art
applications of jet pump- apparatus and methods produce hlghly
25 destructive erosion ‘which causes premature failure of the

well production apparatus resulting in expensive and time
consuming refitting of a well. . In the present method and
_apparatus in which the power fluld flows upwardly along the
- Jet pump nozzle 30 entralnlng and thereafter dlsplaclng to.
d 30' the surface the produced fluids along the straight line path,'
any abrasive matter in the produced fluids do not impinge '
- against productlon equlpment surfaces. The produced £luids
. do not make severe turns such as complete reversals in
. direction or even 90° turhs which are found ih prior art
| 35 apparatus and methods. - Thus, ‘none of the surfaces of: the
production equlpment in a system such. as shown in Figure 1
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o . _ , ' i ] i art-applications of jet punp
hi ghl y abrasive sand part:jcl esh}/\:hlhfc lzg gg'sﬂu_ct i vepgrosi on whi ch. causes ..
appa-;i-aand fiotbeadl dh UFF' rgduct ion apparatus resulting in expensive " ..
opr emat. ail ure Qf t_he V\B ]E) wel | hp-the present nethod and apparat US\/
and ti .Consum.ng.ref!tt] ng of ‘a q o=t e ot u nozzl e 30 .
_ . o i upwardl y "al. ong-the jet punp . i ds
o poron theaggvﬁr:%érégtb?er%glx@%l. %§ ¥reech £1lnidsaduet te tﬂreoducef' legl dz -
“al'ong the st PEFatEh | ddngapath EAonebwhs e L £16/18" ol DALY S8 phL L1 05 00,
Mot ke Severs fu e saarey MR EIBIR,  BS SR0Y: fugns cotia age nade |
Gvenforr ol AR 3FE eamel g chei Bower (£Lidaneelng 1oy B! fade.
eveni er| o s : ' mEeN L
‘Thus, o e oframd-hey tibing drlgﬁggégﬁ%ts%ﬁqﬁggg R &bg 'H‘lﬁ-’ds- due
~shown in Fi Bare 24 ﬁ{%‘ﬁ% rfegﬁe'mpmi%tmem aauisd-ais:aowmad--bzu%clhﬁi s are
upraral y 1 ARARyofosbrasius ot iobes i MBS ibhS hle” WIRECLRY Lovart ™ o
whose of ':1 heflmueaofeirmé‘i:g Eb%cﬁge?%%g& ﬁgpggzgugf.aq% qfetthpuppodu&tiﬁ;épow__e[ .
90 into the crossover 93 to | Nt ol nd thus turns hade Wi
. P , - abrasive particles and thu : - P
fluidis a CFREREREId free of abra surfaces of the production
" the powelOfl ui d Anotigdr md%?ﬁ&@?i&ﬂg%ﬁggﬁmegppgny@mh n which
R ey He method M Sbodacud i iy ety efbans, ve is shown in
t he met ho : | Sl 1S d:in awll cas L L
" Figure 2. -?ﬁéeggamtq ahombimgrs_fglult}eng.' Sﬁﬁ@hﬁﬁdﬁ%gkﬁuqmg FtEdngunped
© from the 15 S eIy 10 2L Ser'ing b6 ikayiginghs tubing-chsing O 06
fromthe 15__surface al ong thep g od | g tt?;ethe .
S PO bridduchrauh uihiieh paverintluidiashpiiped | fidh el NE
- ports 113 i : . The jet gurrotoo rarn including
pr oduct 16n subfare Eﬂ??‘ﬁt Bﬁ%m qgsﬁ%%‘ﬁ%e%{i’é(n&ﬁﬁg TEPWe L@, Sidet he screen
~the punp 1 ' HRCK _ : : ' _
101 are i-n(s)?%ﬁt{h:&i%nlph e production tub;.ng 91 admit the power fluid
_ to the production tubing from j‘t_he-annul_us 111. The jet pump
tool train including the pump -10, the packing mandrel 80, the
standing valve 100, and the screen 101 are installed in the
20 production tubing 91 by either pmnpdown-:or wireline
| techn.iques in: the manner Previously described. The tubing -
- annulus 100 aroungd: the jet pump housing between the Packing
assemblies 6.3.'-and. 82 provides a flow path for “the power fluid
-entering the production tubing through the side ports 113,
'+ 25 . The well is pumped with the Jet pump using the same apparatus
- and method as ‘Previously described in -connection with the
Production system shown in Figure_ 1. Lo _
It will now be seen that new and improved method: and
apparatus for -producing ‘wells usingl a jet pump ha-_ve been = _ :
30 described and _illustra_te_d_._f_ The apparatus ‘includes a jet pump . - &
releasably locked .in a ,p_roduct_:ion tubing of a_eell providing -
an upwa__rdly._directed jet pump nozzle, throat, and diffuser
and _upwardly_dir-e_c’:ted entry passage for Production fl_ui-d_s- so .
that the pumped fluids. follow a straight line path from the .
35 pump to th_e__ su‘r._‘face. The power fluid 'i'sﬂihtr‘oduced--f' into the .
jet pump where the fluid is -directed upwardly entraining
upwardly flowing produced fluids and pumping the ‘fluids




20 production tubing 91 by either punpdown or wireline techniques in the
manner previously described. The tubing annulus 100 around the jet punp,
housi ng - bet ween the packing.assenblies 63 and 82 provides a flow path f

t e’ power fluid entering the production tngol ng through the side ports 1

25 The wel |l is punped with the jet punp using the sane apparatus-and met hod
as Previ ous| ynirisine pdang ra citmadghtohing tpathn sherefay makimas pot epargrfin i n
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1 ubt catea edinton, b, ifafid Farbages 15 dhes Brndier 3R HAwiEheiReq e
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punp to the Aapplkied tOTﬂ-eabmmgl ammgs annamsmeeus ivRing pae seringinp
where the fl uggh 'p%w@k'r Egaf& éh@"’%h@'&tﬁé\} rﬁﬂhlaggap\mn«lﬁe)a fshawag.; pduced

fl.uids and punpin S. punpi u m Xt ure on a

n
straight |inethat rtlﬁﬁﬁe thnﬁscﬁﬁg&iér?g&mﬁl“bﬁ?f ect'll’l”(?napﬁa%'ﬂ’éuﬁl
the punped fImdthodebirsi eqidNy abpiiesbld toal anwéﬁﬁﬁ&uaingh@aﬁr@iuctl on

eqU|pnent The.net hod_a ratus_are egua sef Ln pu own and 5
el ine Wl | SRR i8ing "SRRt adiny i1y HOF the WOuBEBARH'T
‘dual tubing sand ripeaprodyetieon $ubdng gfamndhet pumgedofltpdsar_ fluid and the
other string for punped fluids with the strings interconnected by a :

- Hmenber. The apparatus and nmethod are equally applicable to a production

t ubi ng-casi ng 10 system usi ng the tubing-casing annulus for the power . f|UId
_and t he productlon tublng for the punped f|UIdS 15 20 _
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nozzle, a throat member in said housing bore downstream

from said nozzle and from the entry of said bypass flow

"passagesifor producing fluids into said housing bore, a
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diffuser in said housing bore downstream from said throat
member; said nozzle body, said nozzle, said throat mem-

‘ber, and said diffuser being arranged in tandem along a

_substantlally stralght longltudlnal axis for susbtant-
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ially stralght line flow of power fluid and produc1ng
fluids through said jet pump into a producing flow pass-
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age having an axis substantially aligned with said axis

through said pump hou51ng bore whereby produclng fluids
entrained in said power fluid through said jet pump and
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into said produc1ng flow passage move along a substant-
ially straight line path without impinging upon internal

surfaces in said well, a locking mandrellassembly_on said f.
housing around said diffuser for releasbly_locking said

.jet pump along a producing fluids tubing string for pro-
ducing fluids through said tubing string with said pump
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inner 5 wall of a tubing for sealing off an annulus in said tub- ifn
~around sai d housing to.direct power fIU|_dL into said transverse flo

‘passage. 2. An assenbly according to C ai o 1, i-ncl udjng parall el ' . .
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pump within said tubz.ng string with said seal assembly
- being positioned above a crossover in said H-member.
i5 3. aAn assembly accord:.ng to Claim 1, wherein sa:.d lock-
- ing mandrel assembly is releasably locked at a landing
‘nipple profile prov:.ded in a produc:mg tub:.ng str:.ng
- within a well casing, sa:.d tublng ‘gstring having inlet
| ports for - introducing power fluid from said cas:.ng around '
20 said tubing string into said tub:.ng string and’ sa1d seal -
: assembly engaged with the inner wall of sa1d tubJ.ng
. string above said ports. o . '
'.4. - An ‘assembly according to Claim 2 or 3, including
" shear pin means in said lock mandrel for holding said
25. lock mandrel locked against upward ‘£luid flow forces al-
_ ong said longltudmal bore. ' N
" ' | - 5. An assembly according to any precedz.ng clalm,__in—
cludlng ‘an annular ‘seal - assembly connected on” sa1d body
_ 'below said transverse bore, said seal assembly" bemg pro-- '
30 - vided with a long:.tud:.nal' bore openlng into sa1.d longz.--
-r."tudlnal bore of 'said body. ' ; S :
6. A jet pump: assembly ¢ substant:.ally as described w:.th
. reference to, or as shown m, ‘the draw:.ngs. ' '
7. A method of produclng a well hav:.ng a bore lncludlng
35 _ _
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wel | bore,
sai d power

with said wall above said cross-over passage, and pumping .

power fluid _downwardlyifin-_said._well bore through said

. flow passage, through said cross-over passage into said

jet pump, and upwardly through said jet pump whefeby well

- fluids are entrained in said power fluid in said jet pump
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and said power and. produced well fluids are pumped in

said second flow passage -along a substantially straight
line to the surface in said second flow passage.. -
8. A method according to Claim 7, wherein said first

,_flbwlpassage_is within a first tubing string in said well
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bore and said'second_flqw QésSage is within a second tub-
ing string in said well bore, and said tubing strings are

'interéonnected for introduction of said power fluid into

-said second flow passage from sa1d fxrst flow passage for

_”operatlng sald jet pump..
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9. - A method accordlng to Claim 7, wherein,saidlfi:St

flow passage 1s_def1ned by an,annulﬁs between . a tubing

string in said well bore and a casing within said well

bore, and'said_second flow passage is within said tubing

string, and flow passage cross-over means are prqvided'
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30 Q.5 A method according to aim7, wherein-said first flow passage is
défined by an annul us between a tubing string in 'u ﬁﬂﬂl“mﬂ“tn F. N\
- casing within said well bore, ‘and said second flolﬂl “ 5 128
‘tUbfng string, and flow passage cross-over neans are provi did 35 : e
bet ween sai-d annul us and said tubing string for introduc- ing power fluid -
from said annul us into said second fl ow pkdsage. 10. A nethod according to
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10. A method according to Claim 8, wherein said tubing
5 strings are substahtially 'parallel separate laterally
spaced tubing strings within said well bore. |
) 11._ A method of producing a well, substantially as des-
'+ cribed. - | |
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