2159854 WELL PRODUCTI ON SYSTEM - -2- This invention relates to a well-

pro tion systemand, nore particularly, a systemfor producing a well

W t subnersi bl e punp. 05 Wl ls are conventionally produced wtla.
subnersi bl e punps. The systen1convenL&gnaIIy enpl oys a-punp suspended frbOm
a tubing bel ow a packer and a neans fOr conducting vent gﬁﬁ@%ﬂﬁfﬁﬂg t he
packer to the surface. Both the tubing and vent gas are & 1y
val ve controlled so that both passage- 10 ways may be shut-in fromthe
surface. In positioning the punp it is desirable to know the liquid |evel
within the well. For this purpose, sound waves are projected down the well
and reflected back fromthe liquid surface to assi.st the operator in
positioning the punp and 15 fromtime-to-tine checking the |evel of
liquid in the well, if desired. To be sure that sound waves wi |l reach the
liquid level it has been proposed that the sound waves be permtted to
pass through the valve controlling the gas passageway; see U 20 S.
patent application Serial No. 06/489,537 of John R Setterberg, Jr. Read
Pat ent No. 4, 387,767 shows a subnersible punp systemutilizing control

val ves to control flow through the tubing

WELL PRODUCTION SYSTEM
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and- t hr bugh. t he gas exhaust system See also U S. Patent No. 25

4,354,554 and Conposite Catalog of Ol Field Equi pnent and Services, 35th-
Rev,;. page 1579, which shows control of gas through an annulus type ofn?(fj>
valve This type of structure is objectjonable as it reduces the size of

t ubi ng t hrough which fluid is produced, particularly in snall dianeter

wel I's. See -3- also Conposite Catalog of G| Field Eauipnment and

Services, 33rd Rev., page 1197, which shows a system enpl oyi ng a chanber

[Tt s anablephyhe LBASbIXEAL! €8 L0 WAVl U O Gl dierd Serty st oM

utilizing a subnersible punp 1n which a specia sign tor t'he valve

control | i feré hpadds cvaBlr1R3s 208y EeR’ FordqskddiicthPes Niel 17 &agh Passage of
sound waves through the valve to deternmne the liquid level in the well.
Anot her obhbérésble palpide a production system as in 10 t he preceding
object, in which the gas control valve is carried in a side pocket nmandrel
in t0® tubing Welllshareatdénwéntionsllle poodwted neitineswiahers ilhibs gumps £
ported in an upward- |y and outward direction to provide for mninmm change
i n pat h oFheosystem apnrentionaldss employs aheusgntsuspended. figm a
Anot her object is to provide a system as in the preced- ing object, in
which a ftapbed bailew s RAGHYF ANAnd MeanE dfercorductingevesperas

rovi des equat e, . unobstructed path.fao assage .of .sound waves through the
5a|ve. ro Sﬂ the packer to the surfé e. th the tubing an ven@

gas are conventionally valve controlled so that both passage-
.~ 10 ways may be shut-in from the surface.

In positioning the pump it is desirable to know the
liquid level within the well. For this purpose, sound waves
are projeéted down the well and reflected back from the ligquid
surface to assist the operator in positioning the pump and

15 frém timé-to;time checking the level of liquid in the well, if
desired. |

To be sure that sound waves will reach the liquid level
itlhas Seen proposed that the sound waves be permitted to
pass through the valve controlling the gas passageway; see U'.

20 S. patent application Serial No. 06/489,537 of John R.
Setterberg, Jr.

Read Patent No. 4,387,767 shows a submersible pump system
utilizing control.valves to control flow through the tubing
‘and through the gas exhaust system. See aléE:U. S. Patent Né.

25 4.354,554 and Composité Catalog of 0il Fielé Equipment and

Sexvices, 35th Rev., page 1579, which showéfbonﬁ?ol-of gas
thfough an annulus type of valve. This tyﬁenof%struéture is
_ i oL

objectionable as it reduces the size of tub;ng-through which

¥ .

fluid is produced, particularly in small diameter wells. See



O her objects, features and advantages of this invention 20 wll be -
app t fromthe drawi ngs, the specification and the clains. In the -
draw¥gs wherein an illustrative enbodi nent of this .invention is shown and
wherein |ike parts are indicated by Il#e ref erence nuneral s: 25 o AT

Figure 1 is a schematic illustration of a well systemin accordance w th

this inyegpi EBinBQB.dLFEi &%ﬁ%ﬁé@%@ @i&&%%ag# OF¢ Sl @Rdh 1S
t hrough a po ; ef erred

form of 3888t ReY. Yohd§e 119TeTWhiERUshowStatl &t EndlodiNgld EBambhomn
havi ng a conventional casing 10 in which there is suspended a tubing 11
fromtheigell head, indicated generally at 12. Secured.,to the bottom of the
tubing string 11 is a punp 13 of the submersible 05 fluid type which
produces t hrdtghstae obpeay af. thisninvéntiof| bey phovidéd 2 hprodwstions
provi ded by the conventional subsurface safety valve 14. Power for

opBPat | aystem ptipizdngsapsubrgrdiblet pumpoiar whiigh as specdnlmesignan

el ectrical cable. 10 The tubingﬁll i ncl udes a side pocket mandrel

whi ch nB9Tbéhge Yalye \CRHRRANIhaFhe n IR, ¥PRYd BRFFRIR AT B¥OYidedoner end
f havi d. ther tai l pi 17 d di f t.h | ket .
The o dERLERKBETRLLHr EFaris PPAaTRoPE MRS HETrdIPushl SPLOTRTER val ve,
|nd|catgg 32Q3235L¥ @ﬂelfiquid level in the well.

Another object is to provide a production system, as in

10 the preceding objeét, in which the gas control valve is
carried in a side pocket mandrel in the tubing and the wall of
the side pocket and the valve therein are ported in an upward-
ly and outward direction to provide for minimum change in path
of sound waves as they pass through the control valve. '

15 Another object is to provide a system, as in the preced-
ing object, in which a flapper valve is employed and the
flapper valve, when open, provides adequate, unobstructed path
for passage of sound waves thrbugh thé valve.

Other objects, features and advantages of this invention

20 will be apparent from the drawings, the specification and the
claims. |

In the drawings wherein an illustrative embodiment of
this invention is shown and wherein like parts are indicated
by like reference numerals: |

25 Figure 1 is a schematic illustration of a well system in
accordance with this invention; and

Figures 22 and 2B are continuing sectional views through
a portion of a side pocket mandrel.-showiﬁg in section a

preferred form of control valve.



15 , controls flow through the side port 18 and the tail pipe 17. A packe
I ndi cated generally at 21, seals between the casing 10 -and each of the¢
power--line 15, tubing string 11, and tail pipe 17, all of which extend .
t hr 6@ttt he packer. Referring now to Figufes 2A and 2B, the side pocket 20
mandrel .16 has a side pocket 22 for receiVing therein the retrievable side
pocket val ve, igdi g I ; i.hdl egd._i LOuRe L,

| ower end of thlgéj%i&gfeﬁg%cggféﬁsképg%gé%g Q’Z’s é;cej‘g%?iedg?hgpg%’g th%é’]ltngl[ Irégi pe
171 The bogen 2t fnd Noc2b iy POS kel RLEH | @ilRe R0 S dend A L i 111, Of
the .25 sl de pocket mandrel and is parallel to the centerline through the
tubi ng andeF@k €hé el Théidl | Indicateht géhepathy ogeninyg aSechigedover thad to
receive the tailpipe 17. The side port neans is provided by a plurality of
ports 18 vihbttomxdEnthe praithy sincimgtbris ya gfumel 3ol o ksubmer skl el . -
Thi.s upward and outward direction facilitates novenent of sound waves

t hr ough t hElwid veypeckbichTheoducesethivbughatthe radwingldli.n Leinktradal o
pocket controls flow between the side port 18 and the tail pipe 17. 05

The val ve fbowashxougibul the bsuping kg hpupwddedy byndther seryeptdenaddi ng
fl ownay neans 24 spaced circunferentially about the body in the side wall
thereof . Prabpeprfage safeBwsYatwRrldymetrically arranged fl owways 24 are
provided to insyre alignment of.a flowway 24w th a_por 8, t hrough the
Tandr el . 10 vREReF hESTaPRerALLRgnbER PHEE.1F) RuByOGaRE BY RE PReE

commun-

line 15 which may be an electrical cable.

I\ 10 The tubing 11 includes a side pocket mandrel'wﬂich may be
generally conventional in form and have méans at its lower end
for having secured thereto a tailpipe 17 depending from the
valve pocket. The side pocket mandrel has side port means 18
therein and a control.valve, indicated generally at 19,

15 controls flow through the side port 18 and the tailpipe 17.

A packer, indicated generally at 21, seals between the
casing 10 and each of the power line 15, tubing string 11, and
tailpipe 17, all of which extend through the packer.

. Referring now to Figures 2A and ZB, the side pocket
20 mandrel 16 has a side pocket 22 for receiving therein the
retrievable side pocket valve, indicated generally at 19. As
indicated in Figure 1, the lower end of the side pocket is
open andihas secured thereto the tailpipe 17. The bore 22a of
the side pocket 22 extends generally longitudinally of the
.25 side pocket mandrel and is parallel to the centerline through
the tubing and has a substantially straight through opening at
its lower end to receive the-tqilpipe_l?.

" The side.port means is provided by a plurality of ports

18 which extend upwardly and outwardly of the side pocket



.

ication wth the port neans 18 and are positioned directly adjacent the
sidg=Rort neans to permt sound waves to nove fromthe side port neans’ 18

dir§§§ly through the flowwvay neans 24 into the body w th m ni num change in
direcCtion. These 15 fl ommway neans are also in conmunication with the—«<"

| ower end of the body and provide a 556perating path for*gas flow and for

f d b ' ' | tail pi
2 ok LR am cBB o e abio o HvA L ALERSBR, Heflfdls 7 T MG
Lwth agl%gr%g%r 103 s\é%'rﬁ\&ewgge%e%hr%'&@hv%h\éev‘iﬁ%e'po\é‘kb%h preferably are the

seat 2 apper val ve nenber 26 adjacent the"l ower end of the body 23.

The val ve safle apghvadvanTenbglveViriarishelyakive dfid lvapes peekeiton, shoul d

provi de sufficient unobstructed opening to permt ready passage of sound
waves idepreidls0flow Yetween thenstide poafrediBedniothecftaidipipe e f 1 apper
val ve nenber 26 is controlled by reciprocation of the valve operator 27.
The val ve omteatvaldy 19 has laoviatbylax i body s23 witthowpwandly amdber
having a plurality of passageway neans 28 which extend upwardly and

out war diutwardlyr exterding flawway eans (2Hvwegced circwymierentiahty t he

side port neans 18 when the actuator 27 is inits domna%?sition to maintain

the valakouwpdihe hedysiig the isiden#addethegiecdoopraterahilyn ake 1625t20a
carried by the val ve to mai&t j.n this nment . wi t,h the val ve

A d i T ,
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alignment of a flowway 24 with a port 18 through the mandrel.
10 When the valve is landed these flowway means 24 are in éommun-
ication with the port means 18 and are positioned directly
adjacent the side port means to permit sound waves -to move
from the side port means 18 directly through the flowway means
24 into the body with minimum change in direction. These.
15 flowway means are also in communication with the lower end of
the body and provide a cooperating path for gas flow and for
passage of sound waves between the tubing-casing annulus and
the tailpipe 17 with minimum change in direction of flow.
The valve means 19 is provided with a cooperating valve
20 seat and valve member which preferably are the seat 25 and
flapper valve member 26 adjacent the lower end of the body 23.
The valve seét and valve member, when the valve is in open
position, should provide sufficieht unobétructed opening to
permit ready passage of sound waves therethrough.
25 In the.preferred form of valve, the flapper valve member
26 is controlled by reciprocation of the valve operator 27.
The valve operator 27 in its lower'portionlis a hollow tubular
member having a pluralitj'of paésageway means - 28 which extend

upwardly and outwardly and are in alighment with the flowway



straight: line through the cooperating upwardly and outwardly extendi ng side
ports 18, flowway neans 24 and passageway neans 28. Such waves pass throug
the bore 27a, through the l-ower end of the actuator, and through the | oneX
end ¥<the valve. 10 The valve below the flapper 26 is provided with the
conven- .tionally shaped nose 30 to assist’in passage through the well and

o0 | i P e D08 Sl S o Al £ 1

acoustl cal waves Tree pass t rough

thése vert%ﬁgld% eéb]%ggih%%rate%il?aintﬂni{ﬁeup ee&ge{x]be BhéUgigE 2d {RY be

solid, as own I ent nmeans, such as the spring 29, urges

the act uattg&e | S b HPMEE S8 r Lt 5 I wie i £1661p 0N 20d1ecdkDd@ by atNE GRIVEN 26
will also be provided with a small spring, not shown, for urging it toward

cl osed posiddPres mdfrtaimeiils aXidgrmart Wi [Thud 036 tihathd halaat widenr a7
noves upwardly. Above and in contact with the upper end of the actuator 27
i s a gsnl | sithwrireirr thesdrawldhguhiadousts calswadiesy passait inna genenally t he
cylinder 32. Suitable seal neans 33 carried by the piston seals with the
cyl i nder 32traipht rbiné| thuough2the icpppedatdng wpwardd yc @nch RYtWRXdIH ough
the port 34 which receives control fluid fromthe control conduit 35. The
val ve 19 iextenidrgcside perted Sedloimar mans 24 AndPasgagedy Mefpsng

57 straddig, Uheeide port reans 18 and . - hg eal s, 97 80,30 pligidl e

end of the actuator, and through the lower end of the valve.

\«; 10 The valve below the flapper 26 is provided with the conven-
tionally shaped nose 30 to assist in passage through the well
and landing in the pocket. The nose 30 is provided with a
plurality of vertically extending holés 30- and acoustical
waves freely pass through these vertical holes 30a.

15 At its upper end the actuator 27 may be solid, as shown
at 27b and resilient means, such as the spring 29, urges the
actuator in an upward or closing direction. The flapper valve
member 26 will also be provided with a small spring, not
shown, for urginé it toward closed position so that the

20 flapper will close when the actuator 27 moves upwardly.

Above and in contact with the upper end of the actuator
27 ié-a_small diameter piston 31 which has a sliding relation-
ship with the cylinder 32. Suitable seal means 33 carried by
the piston seals with the cylinder 32. Control fluid is

25 introduced into the cylinder 32 through the port 34 which |
receives control fluid from the control conduit 35.

The valve 19 is provided with three seal means 36, 37 and

38. The seals 36 and 37 straddlg.the side port means 18 and



ey

the control conduit 35. At its upper end the valve is provided with a*

co n- tional lock 41 to lock it in the side pocket. 05 Ref erri ng
ag to Figure 1, the control line 35 has a branch |ine 35a which connects -
with and controls the subsur- face safety valve 14. Al.so, the control T-wé€
may extend to and be utilized in setting of the packer 21, as indicated in
Figurecfe 48a15 37 #a yﬁeSEBsaaxateﬁbwbbktbsga§ﬁ§aﬁl@Q 88fnEYRednty and
suspenaeg I n tﬁe mef Prior to setting the packer the subsurface safety

val ve ¢Rat eg8htkbhecdfauit! 3preferably be pressurized to open valve 19. At
this time sound waves may be generated and they will pass through the

control val gpe i%s Mppenitend ztheg théviendls pembviaddvawisth ha oaghvehe side
pocket, the valve body and the valve actuator, and the straight through
passageibnallhdobkt #dntof lokk &l &8 kbebeideopprkekde a path with mi ni mum
change in direction for these waves to pass through the tailpipe 17, strike

t B8 surf aceReferrdngd agiadmi ko Figure lel theamsantEedr ding t3t$ehﬁ§rfaace as an

i ndication of the depth _of liquid within the well ﬁﬁ er ﬁ cker 21 has
been sbﬁathtHénee§ﬁﬁe@h%ﬁhﬂ°°qﬂﬁ9?ﬁx¥¥ﬁhnam%yc?ﬂEﬁ° ort ? 5 ssgﬁbsequent

whi | e %fgﬁé.“ 'f“q%a«fislle'*lm whbo ! EhPoinerRa d aé%néiatvhm’ﬁ%%q S;t"’”
Du
i nt SRS RE L W aeob i et R pacfer ol 48 T REEREIR ER, 1 o

the welg bgggg geliver it to the surface through the tubing 11. Gas in the
casi ng- I ng

10 In use the system will be assembled and run into and W

suspended in the well. Prior to setting the packer ‘the
subsurface safety valve control line 39 will preferably be
pressurized to open valve 19. At this time sound waves may be
generated and they will pass through the control valve 19,

15 utilizing the inclined pathways through the side pocket, the
valve body and the valve actuator, and the straight through
passage in the bottom of the valve member to provide a path
with minimum change in direction for these waves to pass
through- the tailpipe 17, strike.the surface of liquid within

20 the well, and return to the surface as an indication of the .
depth of liquid within the well. After the packer 21 has been
set at the desired level, the operator may then, or at any
subsgquent time, check the fluid level by maintaining the
valve 19 in open position while sending sound waves down

25 through the casing-tubing annulus.

During flooring of the well, the control line 35 will be

pressurized to maintain the two valves 14 and 19 open and the
pump 13 will 1lift fluid from the well and deliver it to the

surface through the tubing 11. Gas in the casing-tubing



val ve 19, and the casing-tubi hg annul us above the packer to the surface

be renoved through the pipe 42. If at any tine it is desired to shut-in
mel?{”the’pressure wi thin 05 the contrql line 35 is reduced to permt the
spring 29 to close valve 19 and to perm £~the subsurface safety valve 14 to
cl ose, nor, lyy. I B e rgsi Li.ent n a : Frgm t he
above i finuige Be18V RREprdd 3 Y FER"EnEURGNTERE EREARIR ATT |

System Ut ihleZivad va SUOMRIGY Hlife R L Al iy CHRMQTRE YaBave VERL pySke in

whi ch the gas vent has been constructed to permt passage of sound waves

through the hde RedsRle M. iredldvied thitlotRt ReLigipd t42 M NifMMuER cdigpge

- 8- ..annul us. bel ow the packer 21 will rise through the tailpipe 17, the

of direction to obtain accurate reflective indication of the 15 | evel of
liquid w time tite deeldesifhad fHs eghutgini sheoweld ,anthed gaydsiivedwithimhe
invention are illustrative and expl anatory thereof and various changes in

the @i5ze, thieapmordnrb el iné aBS, iass neslucesd to péemitet dhes sprinige 249 st r at ed
construction, nay be nade within the scope of 20 t he appended cl ai ns
wi t hout ded@se v@liwveodhS aads fior Peroditt lthe spbsurfacersafety valve 14 to
close, normally in response to a resilient means such as a
spriné.- '
From the above it will be seen that there has been
Kv; 10 provided a well production system utilizing a submersible pump
with the customary gas vent system in which the gas vent has
been constructed to permit passage of sound waves through the
side pocket and controlling valve therein with minimum change
of direction to obtain accurate reflective. indication of the
15 1level of ligquid within the well.

The foregoing disclosure and descripﬁién of the invention
are illustrative and explanatory thereof and various changes
in the size, shape and materials, as well as in the details of
the illustrated construction, may be made within the scope of

20 the appended claims without departing from the spirit of the

invention.

25



CLA A wel | producti n'systen1conprising: a casing; a tubing'm&thin

I
safety val ve control ling flow through the *
-tub gﬁ"‘ﬂ”ﬂﬂgﬂ#bﬂ @') in the | ower end of :the tubing for s
dellverlnq'Iunu sai-d tubing; § Ilne ext endi ng downwardly in rh&J“
casi ng-tubi ng annulus de- livering powet fromthe surface to the punp; .a

si de pocket mandrel in the tublnglu%ﬁighg val ve pocket; side port neans in

said val ve pocket angled upwardly a rdly; a tail pipe 10 ext endi ng

downwar dl y frpm SaAdﬁéuﬂe RREEet iBh0Rga e SAdmbL i, aapaaggﬁ ¢agried on

t he tubi ng between the si de pocket mandrel and punp; said packer seallng

bet ween eﬁslﬁeswﬂahﬁﬁdtaécaae&ngal @ RAIMYudiadtRe daftly WIvd atdPERs] -
retrievabl e valve neans in said val ve pocket controlling flow between said

15  si deipgrflewdthsbdghathei pabingi davahbmepeibiehpumpgin theullawelody

wi th upwardly and outwardly extendi ng fl owmmay neans in the side wall

t heo®of emd ofi thentmbingi Horviehiveringoliquidshaonigh healdvieubing; od sai d
body to provide a cooperating path for gas flow and for passage of sound
waves; shimevgkenddngndownwardlivdekn wf:gﬁ gagingetybingampnugke $@mber

bel ow saj d fl ownvay neans providin en open sufficient unobstructed
openi ng %bV%%WtPPE’SHy E&?ségi@ u’gg?f'rﬁi gﬁv&'get RUFEE h o jFe PREFRGNS for

openlng and cI Lng %Bgubsu ace safety valve.and retrievabl e val ve

means. narel L9gt ﬁ?’&f’g(}aal YeuRackstis 838) BV BFARF i s a
f1apper. 1§ sai evéiééeﬁ$8ﬁe€]Qﬁ&l&d“@&é&f&l?aéRdV3$¥$APEﬂP?r 'Eaflplpe

10 extending downwardly from said side pocket alongside said A
tubing; a packer carried on the tubing between the side pocket
mandrel and pump; said packer sealing between the casing and
each of séid power line, tubing and tailpipe; retrievable
valve means in said valve pocket controlling flow between said

15 side port and said tailpipe; said valve ﬁeans having a tubular
body with upwardly and outwardly extending flowway means in
the side wall thereof and in communication with said port
‘means and the lower end of said body to provide a cooperating
path for gas flow and for passage of sound waves; said valve

20 means providéd with a valve seat and valve member below said
flowway means providing when open sufficient unobstructed
opening to permit ready paésage of sound waves therethrough;
and means for opening and closing said subsurface safety valve
and retrievable valve means. | _

25 2. The system of Claim 1 wherein said valve member is a
flapper.

3. The system of Claim 1 ﬁherein said valve member is a
flapper and a tubular actuator is slidable in said body to

control opening and closing of said flapper; said actuator

Nl e



?Iapper'and a tubular actuator is slidable in said bodﬂ to control openin2§§i>”

and cl 6sing of said flapper; 'said actuator  -10- hH! 'EHIIIFMW :
ns t
L J *

oyt wardl'y extendi ng passageway means cooperable with
prowrde a"path for gas .and sound waves when said flapper is open’ 4. A
wel | pr.oduction system substantially as'HéVéinbefore 05 described with

reference 4o N4 a3 RR2M0y' hid'SoRERRRREPY It HI AN Ua5 405daf O nBins
¢ ' :
) cooperable with said flowway means to provide a path for gas

" and sound waves when said flapper is open.
4, A well production system substantially as hereinbefore

05 described with reference to and as shown in the accompanying
drawings.
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