< VELL PRODUCTI ON CONTROLLER SYSTEM The present. i nve?t\(! OEL‘Q'Z
& stem for electronically controlling one or nore pe I 'éum”or

uction wells, and nore particularly, to a systemfor controlling wells .
in order to optimze the. production 5 efficiency of formation | uids.
Di vi sional Application Nos. 8704161, 8704162 and 8704163 have been filed on
rel ated subject matter. Each.underground hydrocarbon producing formation,
known as a reservoir, has its own characterli=stics with 10 respect to

_permeability, porosi ty, Pr zsur PRODYFRETON ltf@w@?}lﬂ@aé@fmens' ty and ¢
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however, cemmge2Pcion8PsbrOrbralligas fMRlilkg, For exanple, during the life
of any prodUC|ng well,.the natural reservoir pressure decreases as gases

and liquids are rBhpyionslondpphicabingti¥as. AsBTR&I6L: ur&TOHb6ANGRd
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Each wunderground hydrocarbon producing formation,

known as a reservoir, has its own characteristics with

10 respect to permeability, porosity, pressure, temperature,
hydrocarbon density and relative mixture of gas, oil and
water within the formation. In addition, variéus
subterranean formitions compfising a reservoir are inter-
connected with one another in an individual and distinct

15 fashion so that the production of hydrocarbon fluids at a

- certain rate from one area of one formétion will affect
the pressures and flows from a different area of an
adjécent formation.

certain general characteristics are, however, common

20 to most oil and gas wells. For example, during the life
of any producing well, the natural reservoir pressure
decreases as gases and liquids are removed from the Q&#
formation. As the natural downhole pressure of a gas well

decreases, the well bore tends to fill up
25 ' '
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with liquids, such as oil and water, which block the flow of the formati -‘
gas i*ntd the borehole and reduce the output production of the well. In '
Suth gas wells, it is conventional to peri@di- cally remve the accumul ated
liquids by artificial [ift tech- 5 ni ques whi ch include plunger lift

devices, gas |ift devices and douwnhol e punps. [n t case_of qil wells
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pressure een substantial 'y depl eted, two general "t echni ques are com
nmonly ugesinbole Plpuagdy, | i ftnanthd 2)ca@ds bl t oi bl WeELs | Wit Hiimdwhichn the
systens include the use of a small cylindrical plunger which travels

t hr oughnathiral epresdure fliden dedFeaseddctdi theadpaintt that podliucdoes not
formation down in the borehole to surface equi pnent | ocated at the open end
of the spomtameocusly fibowrtb, thél audfawmeicifladid extoduction bis chairtakned
i Ma“bit the flow of fluids out of the formation and into the well bore, are
col | ect &y i arthéicdiailnglifPemettiods | puche asd downhede yprmgsi san@- by gas
opeaed at the surface and the accunul ated reservoir pressure is sufficient
t 80 for dnjectsiqn ubiét teshniguesi ndn additipnngeertain wells are fre-

quently stimulated into increased production by secondary reco-
very technigues such_aé‘the injection of ﬁater and/or gas” into
-the formation to maintain reservoir préssufe and to cause a flow
of fluids from the formation into the wellbore.

15 In oil and gas wells wherein the ambient reservoir pressure
has been substantially depleted, two geheral techniques are com-

monly used: (1) plunger lift and (2) gas lift.

./ Plunger lift production Systems.include the use of a small
N\ cylindrical plunger which travels through tubing extending from a
20 iocation adjacent the producing formation down in the borehole to

(]
surface equipment located at the open end of the borehole. 1In
general, fluids which collect in tﬁe borehole apd inhibit the
‘flow of fluids out of the_fotmation'aﬁd into the wellbore, are

collected in the tubing. Periodically the end of the tubing is



'-:i-.es withit to the surface a | oad of accummul ated fluids which are
efPcted out the top of the well thereby allowing gas to flow nore freely
fromthe formation into the well bore and gg delivered to a distribution
system at the surface. After the 5 flow'of gas has again becone
restricted due to the further accum nulation of fluids downhole, a valve
i n theopehedg axt the surface afnd htheeldcdumulased sesefyPirheqasgies fhen
falls back down 10 the tubing and is ready to Iift another |oad of fluids
to thessffiatentpobot EoreepdiiengPdungar vapyvetha gbisbingt pr Zhgct Phundat
systemincludes a val ve systemfor controlling the injection_ of pressurized
gas froarmiesurwithxiisr -t@althey sHEfpge | askPads afnopRErTYdaked piuads
conpressor, into 15 the borehole. = The_increased pressyre fromthe in%egged
g
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'I's a requirene e periodic operation of a notor valve at the

surfacg,pheiBR Wl lfedds! QRmrOns] Oh Qhtber inhaHd awwing | at dshérsarthee
well or the flow of injection gas into the well to assist in the producti s
of gasefndhle GuBIF fiEOMld¥Rdwelb. tHrsetnet plunajeresther Cadlsntbarial Hpwn

controlled by timng nechani sns and are programmed i n accordance - 3-
Wi t hopthacitubanof andsdmsvoreadggiteelifig vdnatheet doaidneef t fduids to the
surface upon the reopening of the valve.

A gas lift production system includes a valve system for
controlling the injection of pressufized'gas from a source exter-
nal to the well, such as another gas weil or a compressor, into

15 the borehoie. The increased pressure from the'injec;ed gas for-
ces accumulated'formation fluids up a central tubing extenginq'

along the borehole to remove the fluids and restore the free flow

of gas and/or oil from the formation into the well. in wellé“/

where liquid fall back is a problem during gas lift, plunger 1ifs\o/ .

20 may be combined with gas 1lift to imﬁrove efficiency. Such a
system is shown in u.'s; Patent No. 4,211,279 issued July 8, 1980
to Kenneth M. Isaaks.

In either case, there is a requirement for the periodic
operation. of a motor valve at the surface of the wellhead to

25 control either the flow of fluids from the well or the flow of
injection gas into the well to assist in the production of qas
and liquids from the well. These motor valves are conventionally

controlled by timing mechanisms and are programmed in accordance
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| ength of time that a well should be either shut in and restricted from'_,,’.y
flowing gas or liquids to the surface and t time the well shoul d be

"opened'wilth f peehripledUcsf LAY N P{A e 'q yse or _oper,ation
of IOt he r‘rvoit or gal vlgllpsI1 strictly one o rthenge apse yhprce- sgféﬁfﬂﬁgﬂirrethe

period. lengthst ofaseimeneRMEEaWobe1 DATEHEY £ S bes Uel tha ' 8RULE in® and

tenperature, etc. are used only to override the timng cycle I'n special”
condi t | sestricteskafipom, fllowind’ayaat o¥. 14quidsS2do diche! dc@NanERtdite
tim nY<syst em which i nproves the efficiency of using injected gas to
artificlime |the welli shaudld bel Fopenkd®e thy fmﬁyo{,téaecal.un@néfﬂtly'
teapnique. U. S Patent No.. 3,336,945 to Bostock et al discloses a

pnéunat £he (9L tRF by nseds ofox | ppegatien nofr the- niottr opElvéi 9B Y iWtly
injection of wells to increase the produc- 15 tion. U S. Patent No.

4, 355, 388€; Qf\the, alapse af ai Prechel ectad (bimé operiedir odncaiost cases,

intermti]j the operation of a well tn accordance with prior art timng
It gchni q%éé%s?e"ﬁ’ﬁhewew %t 13WER 88 Prefspse.atemperasusesciedstcdre
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circuitry gating to operate a well 1n responséto a tinng<c - d
certai rplungerelifel teptinddRicc S-U; 4. Patent No. 3,336,945 to Bostock et

al discloses a pneumatic, t’ix_ning ‘device for timing the 1ntetmi_t-
tent operation and/or injéction of wells to increase the produc-
15 tion. U. S. Patent No. 4,355,365 to McCracken et al discloses a
system for electronically intermitting the ope_r_ation of a well in
accordance with prior art timing techniques wherein the well is

allowed to flow for a first pre-selected period and then shut in

for a second pre-selected period to ihcrease the production from
2
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the well. 'rhel differential c.ontrolh system manufactured by
Plunger Lift Systems, Inc. of Marietta, Ohio serves to operate a
pllunger "lift éompletiqn. in accordance v-wit.h' a gating system in
_ which measured .values' of pressure and fluid levels are compared
with pre-set values. U. S. Patent No. 4,150,721 to Norwood
25 ‘discloses a similar gas well co_t_ltlroller systeiu which also ufili-
zes digital logic citcuit'ry. gat.ing to operate a Gell in response

to a timing counter and certain measured well parameters.
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As reservoir engineering technology beccmes more
sophisticated, mére is learned about the various
parameters which affect the optimum production of a well,
and even the manner in which production from adjacent-
wells affect each other, It is clear that a system by
which a plurality of wells could be controlled f£for
periodic operation to maximize and optimize the
production from all wells would be of value. In addition,
it would be an advantage to utilize other parameters
associated with a producing well, - such as casing
pressure, tubing pressure, flow rate and pressure and
oil/water mix, upon which to base the criteria of when to
intermittently open or «close a well ‘or when to
intermittently inject fluids into the well to stimulate
the ‘production of gas and/or ligquids therefrom. For
example, it would be desirable to open a flowing well
when the tubing pressure is greater tﬁén an ideal value
determined from casing pressure, flowing pressure and
gas/liquid ratio. | |

Moreover, it would be highly desirable to be able to
provide a fully programmable controller for the operation

of a plurality of motor valves within an array of

er
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gas/liquid ratio. Moreover, it would be highly desirable to be able to
provide a fully progranmable controller for the operation 35 of a '
plurality of nmotor valves wthin an array of -6- producing wells
wher eby -vari ous neasured paraneters frome.mh of the wells could be used to
control the in%grdu tentello eratiaon - of each of those wells .in or er to

optimze the pfo B Ol TEe e e SR PES PRASHTEf Raranfters
present i nvem/gebn Of)rdi\hlede%ellsuolwulal bell hgedr dgy acombrel c amfer aidtesr+ or

the opti mzatlaet%n\efelbppfeéysal ely% /é%f‘cw di g m%sfwewgiﬁgct]lnof %gsrpf&?e“t

invention there is provi ded a systemfor. contr
operation of CRLABHES é@r‘h @r@e‘@&tﬁgn \ﬁé‘lqm addnsfi W%Ufﬂ-r skhe mxsyen

val ve conmect ed bemaveerpreehersupphywe@&l@rnessymedegasén;dqtha weddily

casing and a segcond _notor valve co ecte bet en the tubing of the well
and a flow sal Bgogrﬁgmag’ge °°nt§8 81’\ vg? ﬁra‘h%b'f‘bz%ﬁﬂ ‘h€ ell

means for storpngdiuntdand nenory signals | nd| cative of a first vari abl e

time period during SSyLi g e ectedl to the well
casing to clear the%ﬁ?dehg g&dgo%a %% S vafl atkh PTRESBE! i W MY 20
which flow i8hesepdsl Pﬁwe'éldefir o tSBrét\ﬁ@I | f o t e%ontthmlﬂlunajsthee otaddred,

and a thirgy vaapabaelbhrreoperaocb&wdlrmmvmb%qun\w' beh$ tgmhﬁrwyag the

third time —periods béing set dependent” on
fl(jt second 9nd motor vale connecteg betweeJ) a supply of

. pressurized gas and the well casing and a second motor
s valve connected between the tubing of the well and a flow
sales line;

15 selectively programmable memory means;
means for stoting in said memory signals indicative
of a first variable time period during which pressurized
gas is to be injected into the well casing to clear the
well of fluids, a second variable time period during
20 which flow is to be allowed from the well after the
fluids are cléared, and a third variable time period
during which the well is to be shut in the first, second
and third time periods being set dependent on well

parameters; -

¢ C

25 means responsive to the beginning of a cytle for
opening both . the first and second motor valves
simultaneously and beginning said first time period;

-means  responsive to the e#piration of said first
time period for closing said first motor valve and

30 beginning said second time period;

means responsive to expiration of said second time

- period for closing said second motor valve and beginning
said third time period; and

means responsive to expiration of said third time

35 period for re-opening said first and second motor valves
simultaneously and beginning said first time period.

According to another aspect of the present invention.

there is provided a method for controlling the cyclic



eggganeters; 25 means responsive to the beginning - of a cycle for

¥hi ng bot h t he first and second notor valves sinultaneously and
begi nning said first tinme period; neans responsive to the expiration of §
said first tine period for closing said first notor valve and ‘30 begi nni ng
said second tine period; neans responsive,to expiration of said second tine
period for closing said second notor valve and beginning said third tine
period; and meRPeFatdsorkfve REESQPiTHr i BRodrcEapd Wk dhavieg3m férsed
for re-openi ngiotdird vallvel AHhSBeN bhdBiddn Val é’l?§p.§*|né'ft §P§9§§k¥zéﬁdgas”:’
begi nning said first tlnﬁ peri ad. Accgrdlﬁgago anot’her aspect of the”™
present invenfPgn ter¥ell SARANRq28d %7 BBRPEoIYELHE t RenBgeLpd

- 7- operati onbeftweemet tioé e wairmeduocEne el -wehavi agd a af | £ 3éwNMaxdlesval Y8e
connect ed bet@%ﬁ@rﬁsﬁ% )ly of pressurized gas and the well casing and a
second notor valve ¢connected between the tubing of the well and a flow

sales line 5 comsitiogiimg: ist ¢ iswldat iveslt quidgcammals bgr memaby esgnal g
signals indicahiM@atQive Gof fid St ¢4, LitM® ti:R%r' ?&ricﬂi’“ @grin\gm Cahicp :
pressurized gas is tq be injected into the well casi'ng to cléar the well of
fluids, a secBRESSUNdZE6 i96¢ difr it} bR inientad finte i the ovebl atasiwd to
flow fromthecwahlr affier wehe fdti d3uane,clL£aseeonand: find higed ilbd™®q R8s hgd
during whi_ch tne we@ is to be ghut i.n; -
10 whic low is to be allowed to flow from the well after \/
the fluids are. cleared, and a third time periodé during .
which the well is to be shut in; - ' ' e
simultaneously opening both the first and second
motor valves and beginning said first time period in
15 response to the bé&ginning of a cycle;
closing said first motor valve and beginning said
second time period in response to the.expiration of said
first time period;
closing said second motor valve and beginning said
20 third time period in repsonse to expiration of said
second time period; and
re-opening said first and -second motor valves
simultaneously and beginning said first time period in

response to expiration of said third time period.

C

25 The system of the present invention can be used in
multiple applications of producing wells, for example, in
gas lift completions, plunger 1lift completiods, wells
having flﬁctuating bottom hole pressures and production
flow rate and, in addition, to unload gas wells. In

30 particular, the present invention is especially useful in
any type of artificial lift completion which involves the
intermittent injection of gas in order to lift liquids to
the surface and may also be used to control gas injection
into one or more wells in order to optimize the total

35 production of formation fluids from the wells.



si mul t aneously opening both the first and second notor val ves and begi nning ..
said first time period in 15 response to the begi nning of a cycle; o
¢losing said first notor val ve and begi nning said second tinme period in (5%35
response to the expiration of said first time period; closing said secon

not or val ve and begi nning said 20 thi+dg #ime period in repsonse to
expiration of said second tine period; and re-opening said first and
Jsecond, notor valves sinultaneously and beginning said first time period
in response to expiration of said third time period. 25 The system
of the present | ' .gan I.n | ti_pl e applications of producing
well's, for exan%?g?g%h8§a§glppﬁ %%ﬁplgﬁ . ASCORGENY NG SERpings onist which
wel | s ‘havi ng fﬁﬂgtUﬁtigg bothon1ho|e ressures and production flow rate

and, in addition;, “to"ufll 3609828 ifedrawing B0 gparthgekeiont BE uRGRTEMN £+
i nventi on ve 1eSP&AH seful. in any type of artificial lift conpletion -
whi oh 1 veles SREb Fot Yoll> Ralal! Sl dESH: vgdyesn andlein¢budify hi @HodT am-

‘to tbe sumbdqe aBdeBRY¥oAliSO & to control gas _injection into one or
nmore wells in order toooﬁti rr‘?‘g%y?ﬁglf’ét gomtrugtedudi oacobrencet iwith the

fluids fromachbngyd |Gf the -SredBher €..S _now made to the acconpanying
drawi ngs, in which FIG 1 iér%.scﬁe§§§§8£69gmﬁng of a gas injection plunger

lift well comBlI&. dh beivangchvRa®Qiorlg Al d_inc¢luding a program 5
mab¥'e el ectronic controller ‘constructe ' 6%€raaﬁggnﬂﬁﬂﬁ% well comple-

tion having two motor valves and including a progra&mable

\_ _
'~ electronic controller 'éoqstrﬁcted in  accordance with the
10 teachings of the present ihvention} . |
| FIG. 3 ig a schemaEic drawing of a plutality of seéuentially
operated'produ¢tion wells'eéch having a single motor valve and
including a programmable electronic éontroller constructed iﬁ
accordance with the teachings of the invention:
;J | FIG..4 is a s;hematic dréwing.of a plunger lift well comple-
| tion wherein the well is oﬁerated in accordance wiﬁﬂi var‘ous
&J measured parameters and .inéluding 4 programmabple ”eleétronic
_/ controller constructed in accordance with the invention;
FIG. 5 is a block diagram of.an_electronic ébntroller used in
20 | conjunction with the SystemS'éhown in FIGS. 3 and 4;

FIG. 6 is a block diagram of an electronic controller used in
conjunction with the systems shown in FIGS. 1 and 2;
FIGS. 7A, 7B and 7C are each portidns of a schematic diagram

of i - .
an.electronlc controller constructed in accordance with the

-



ger lift well conple- tion ving two nmotor valves and including
a programuable electronic contreller constructed in accordance wth *
the 10 teachi ngs of the present invention;, FIG 3 is a schematic draw ng

of a pl %?L}',Ho faﬁﬁqgﬁBUnaH'nY ﬁ@rageda,p&oductlon vel | s each having a

singl e or valve and including a progrannable el ectronic controller

construct edp wﬁacoaxdara@q wgeh dre Bpacdi@0each tferdivmdt ogn a 15chemat,;~<;
FIG 4 is a schematic drawing of a plunger lift well conple- tion wher

the wel jjagfafiPesfit ah ele2trondanceonkrblieri oconsenscted iar a:rebeﬂancand
including a programmable electronic controller constructed in accordance
with thgithvehei presen€ imvientdidr carkd dsbowmninf FE&.ebectronic controller
used in 20 conjunction with the systenms shown .in FIGS. 3 and 4; FIG 6
Is a block diagramof an electronic controller used in conjunction wth the
. s§stens shown in FIGS. | and 2; FIGS. 7A, 7B and 7C are each portions of a
schematic diagram of an el ectronic controller constructed in accordance

with the i nvention and shown in FIG _5; and FIGS. 8A 8B, 8C and 8D are
each portions of a schenatid!Hikqﬁgﬁﬁiﬁliﬁ-3938525hﬂﬂ controller

constructed jn acgqrdance with the present nt ngd shown_in_Fl .5
Dual Cont r ofper AIRPLGHLONR | F gUﬁpllé‘t |El(3¢¢§e‘sh]|0 cf gF?gﬁraEeaﬁ'd t%eu
operate W e _co | er _of t resept inyenti S -

si mul't af °H%58§E‘f'od%¢u ghﬁapl’.:e&e t ve,*a?%gg éﬁ O{]iuéeérh ﬁ'é%‘?é E ose 1er'r‘1 |

neoualy open a pair of motor valves and sequentially close them

G%E%éhrngs of the present inventiag; FIG 2 is a schematic drawing of a
\pkin
!

10 in pte-éelected time frames and in a second mode to sequentially
open a pair 6f.motor valves, simultaneously opening the second
and closing the first in accordance with detection of the
occurrence of an event ahd pre-selected time periods.

Mode A | |

15 Referring first to FIG. 1, there is shown an illustrative
schematic of a gas well equipped as a plunger lift_completion
with supplementary gas injection. The well includes a boreholé;/'
12 extendxng from the surface of the earth 13 which is lined with\J
a tubular casing 14 wh;ch extends from the surface down to the

20 producing geological strata. The cgsxng 14 includes perforatxons
15 in the region of the pfoducing strata to permit the flow of
gas ffom the formation into the casing lining the bdrehole. The

producing strata into which the borehole and the casing extends



10 .i.n pre-selected tine franes and in a second node to sequentially X
open a pair of notor valves, sinmultangously opening the second and clo :
the f-irst in accordance with detectibﬁ of the occurrence of an event a
pre-selected tinme periods. Mde A 15 Referring first to FIG 1,

there is shown an illustrative schematic of a gas well e Uifgﬁg as a .

pl unger isi fiormed| 0f | Goaxseh EOPK| ARNhHiFLLVER saBnjREHFEUL feservolr

i ncl udes a borehole 12 extending fromt suréace.of t he Sarth 13.mh%ih i S
| i nedVwrontaindpgl & BAXERZe1 AL PR /o1 20R, YALERe sUFRECFARMS ¢ b

fﬂ t hepia%’g‘éé%ﬂ%ﬂ%? petharansd Aidhe, e ofﬁiiﬂﬁt 8¢ kR, HAFEpBTR SpRtaliiol’
uni ot RBeLpRadR et AR fihavdl T el DAS O, gERR ST RUII 4T T
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waler . casi ng I'S preferably perforated along the region of the

tC)orehoI SSCQ%%inqé‘Qiikfgl\%%n&étéi’if‘nénliﬂea 15 in order to allow fluid-

om 5 muni-cat1 on feen the strata and the well. A string of tubing

16 extends aged |phdovabing aAd Rheltaditig) ékcerdbingoatiet boreholeg from
extend into the borehole ffoma well head 18 |ocated at the surface above

the wel lp Wilaheédd@Vvis Uscatedpat! the surfsde i abowé théi weldxwhidingraonio-
t hecasi ng 10 and cl oses the open end of the casing. The casing is,
connect @ést cswpport Fdrwhiké stupingesofii ghbpngs axtenging r batantae: Gaming
sowce such as a conpressor. (not shown) through a first notor, valve 25 -
10t o t handaxlused 4the Tpenfienst obt the ¢asiag.2s The casing is connected
to a line 22 whiéh Suppiieé high'pressute gas from an external
source such as a compressor (not shown) through a first motor
valve 25 into the casing 14. The first motor valve 25 is
operated between the open and close condition by a programmable
15 well production.intermitter/cbntrollet 26 constructed in accor-’
dance with the téachihgs'of the'ptesent invention.
. Thé -tubing 16 is connected to a production flow line 27,

through a second motor valve 32 and to a separator 28. The out-

put flow of lthe tubing 16 into the production flow line 27 is

2 generally a mixturé of both liquids, éuch as oil, water ,I and con-

' densate, .and gases and is directed through the separator 28 which
effectﬁ the bhys’ical ‘separation of the liquids from the gases and
'passes the gas into a sales iihé 32 fo_r' delivery to a gas

gathering systém. The ligquids output from the separator 28 are



ctionintermtter/controller 2 onstructed in accor- dance with the
t i ngs of the present invention. e tubing 16 is connected to a
production flow |ine 27, through a second notor valve 32 and to a separator
28.  ThgjPebtelUinktl0W qAfidull stBregdObresepvbie BEOEUet Bubsklhuenti @ spb- S
20 - generally a mxture of both l1quids, such as oil, water, -and con-
densat ega fNGhyawe1 12 "Known dimexticdls | hr opgésslicizefargi®r 188 alesh stippadis
the physical separation of the liquids fromthe gases and passes the g
into a eRtéagh! ianefiBletol7daind ca yregolatoes 1gatfvy i use syat pmeumatically
| iquids output fromthe separator 28 are = directed into a |iquid storage
reser voopesating thiesamteor wilyes 25 and 33| bykmeansnefheddenoidseduri zed
gﬁg is also supplied through a filter 17 and a reqgulator 19 for use in
pneumat i cal Theoshringgof h&ukdng 16| extendsyaxizd Ly dawmsthe sapdng @nd
31. 5 | The string of tubing 16 extends axially down the casing and jis
t er ni nat®d t8rwinakedg by op 29%35%@:5@? St i Agdobumper  SRLHNE o2y
pl unger 20,is positioned within the tubipng,16 gnd .i.s ,prevented, passi;ng ou
the | oWFCLRECEREING (RLFREDy 20nd Bunpal tipRedy wirhin the; Fubang, 135 an
The uppgr end of fhe tubi 0 16,.1s d a _lcubry caton . L,C
recei vetBt i%'?)‘f%éﬁ ﬁ?%g‘?]gll tm‘lt Qhel tg,ﬁ%g éyd of “t‘igotr'l:?'bﬁ%n\é\g& r\:he

IS I'n per nost “posi

SR A YISV Sl e Shpet o e

arrive I'ts tppe position.”In a gas inject Systemo
IDOFI G 14, jigd tfosed BPSal Aler{Sa€oPsS Y wiEEh ARdcielivaBl ©né Y plangeeh DR/

through the first notor valve 25 as is required to nove the plunger 20 up
the tubinenlGwngdse fict itke Wspermbst e s itiidh § r omhiehelwist icatooug9 also

includes a sensor 30 which detects when the plunger has arrived

(@I ed between the open and cl ose condition by a progranmabl e 15 wel |
ea

at its uppermost position. |
In a gas inject system of the type shown in FIG. 1, it is
15 desirable to conserve gas and inject only as much gas ﬁh_rough the
first motor valve 25 as lis required to move the plunger 20 up the
tubing 16 and e_jec't the accumulated fluids from the well through
the second mo.ﬁot;valve 32. Thereafter, the first valve is c'losecig
and the second allowed to remain open. for a prerelected timcu
20 - period of production flow from the cleared well. When the well
has been closed'for a sufficient period of time to develop a for-
mation pressure, liquids will also have ac_cumﬁlated within the
casing 14, in the region of the perfbrﬁtion__s 15 adjacent the pro-

ducing formation. These formation fluids restrict the flow of



second allowed to remain open for a pre]%I ected tine 20 period of A\
production flow fromthe cleared well. en the well has been closed f % ,
sufficient period of tinme to develop a for- nmation pressure, |iquids wil

al so have accunul ated within the casing 14, in the region of the
perforatigased5faomacdhe foematdondiniteyg the neasbng soThtey f4reBiémbved at
fluids_ restrict the flow of gases fromthe formation into the casing so
t hey ¥ie thepbegianing ofgithe nproduchkdopr oripel e owhencl Botineheot #1i 4% and
first and second notor val ves 25 and 32 are opened sinultaneously. The
first not2RCQBAy@OLOr svabeesd 35, ardns3df aren'opanedosimdltacedbuslyi.nj eThe
a flow of #gg E{:’gssure]g&s: fromthe external source into the casing 14 and
rai se thef sEPEOITI¥alNR 023 A8 APened cby2 means ok d"anlo solennids 3t to

"ong solenojd 31 tqQ,open e, per end of the tubing production flow line
27 ?ind cd e‘fﬁe“p?&ﬁ&epég“tﬁm%ﬁﬁﬁr8-F9 from thenextarnal seureeninto

| |ty g t tity of formation fluids,which h | at ed
i tnin 4o fnfis 141ARE ol ed L0 BreRRnErn, AhenmeiaRd BoVRF |Vatves32
brought tyg t f 3%6oP Ou t through th d ot
val v 52 ShPERaed a58e by, Wl F ad b0 sBlenedd A o opet Hhe "Spper

conventi gl &S kn@n. | B LLV , etects when
t he~pl unger 20 halg@:et;-cﬂr:gn t ggﬁ%geég’ht ?elot%ﬁgln%éa%a ?gal o%g‘;%(f ?"ﬁ"? héfunge:

| ubri cat @0 2€o améver QPWaRALy PViFNeR thel \tc’iibi%!i/p d_sbgi‘ﬁl; tg‘rio{n with it a

conttoller 26. 1In response to the plunger arrival signa e passage

ofl& pr e-quanpityredft i formabieneEd i@ PeAschi Nidve t BecGATIACbECWidhin the
operates the "of f" 20 solenoid 31 of the first notor valve 25 to close

the val veamihgt bp dhe i mpgdbnorof thee produdingt Torwaltiom? | o | DYgEide

the second notor valve 32. Thereafter, the first valve is closed and t@

brought to‘the surface by the plhnger 20 flow out throuéh the
second motor valve 32 and the production flow line 27 into the
separator 28 in a conventional fashion. The plunger arrival sen-
15 sor 30 detects whed the plunger 20 has reached the top of the
tubing and is lodged in the lubricator 29 and produces a plunger

arrival output signal to the controller 26. 1In response to the

s plunger arrival signal, or the passage of a pre-programmed time,
N whichever happens first, the controller 26 operates the ®"off"
20 = golenoid 31 of the first motor valve 25 to close the valve and

]
stop gas injection. ‘' The second motor valve 32 is allowed to
'remain open for a pre-progr’ani’med time period to permit the flow
of production gas from the formation. After the set time period,

- the second motor valve 32 is closed to 'permit the plunger 20 to



"- |L.Nn open for a pre-programmed tine period to permt the flow of
'u'"q_tion gas fromthe formation. ﬁ-\%er the set tine period, the second
nofor valve 32 is closed to permt the plunger 20 to fall back down the
tubing string 16 and reposition itself at the bunper spring 24 for a
subsequent trip to the surface to agai enpty accunul ated formation fluids
from adlndiack Thown thet bubdpg atming |16 andargppsisdompiidseldf \at the

si mul t aneously 5, opened and sequentially closed to nmaxinize productign -
f1 ow hUMPEIni $PFAnRGn@4 HEOE 0As BHRSeguent | g}?é?t itéh the . sNpiace A& AJa LT
nowto FIG 2, there is shown an iIIusﬁrative ache- mai'c of a plunger lift
conpl empsy pecwpplated formationfigids)from fheve i;l,° bR i nthee
formati on pressure_i

ffici th | t injecti '
neces 8¥BFeM @ deﬂ{;g UEa:"CIt-le?gsﬁel ‘i% omgﬂgg’gﬁa?;ﬁ{’géefmd H sé‘ﬁl'f?

%Eﬁhﬂgﬁﬁgaegi?ﬁ i areapeEipidy Hheds cﬁg?g"e'?*F%@a%ﬁ%%q%ﬁ%@&ﬁﬁlm.
br oduEPAPEGedttS BPRAPRS: TS . _
duci nBiedmIRI ) sHe RSy pt PR° 0P hdeFe Bl gh 1 DT NP0 Phe' CaPng

A strggg ofa tubing 16 extends actually down the casing 14. Both the tubing
B -

16 an asing 14 extend into the borehole 20 froma wellhead 18
| ocat ed agaé SiHd 6w 368 PRESN 20T @Red@S 1BUhdWH lad N1 It FdEivid dhe- |
t ubi ng and cl oses 1The open end of the casing. A reciprocating plunger 20w

i S pomaitii@Nesle Vat Plingie 14t GoupPeEion gasveell] siamdlmstiotheiiwelr
| ower end of the tubing by a bunper spring 24 and tubing stop 23. The uppss/
1:nd of FIG. 1, but wherein the formation pressure is sufficient that -
no supplementary injection gas is necessary in order to clear’ the
well of accumulated flu,'id's. The well includes a borehole 12

extending from the earth surface 13 down to the producing geolo-

gical strata and which is lined with a tubular casing 1l4. The

15 casing 14 also includes perforations 15 in the region of the pro-

ducing strata to permit the flow of gas from the formation into

the casing. A string of tubing 16 extends actually down the
~casing 1l4.

Both the tubing 16 and the casing 14 extend into the borehole

o

20 from a wellhead 18 located at the surface and which provides sup-
port for the string of tubing and closes the open end of the
casing. A recibt_ocating plunger 20 is positioned within the
tubing 16 and is prevented from passing out the lower end of the

-tubing by a bumper spring 24 and tubing stop 23. The upper end



20 when it is in its uppernost pos on. The lubri- cator 29 also

of the tubing 16 is enclosed by a i¢?ricator 29 whi ch receives the plung «.f.
isncl udes a sensor 30 which measures when the plunger has arrived aI(éEé)v

upper nost position. 5 The upper end of the tubing 16 is connected to
a first ¢f ovheT thbialy p6f iisSten@ioded abye 421 ik £ WaR" i '
deli- very line 43 leading to a separato? 28. The ???é? %gtor 3%TVQL§EQY§’

act uat ecthw plunger 020" @hénarit "i¥ fin SOtenapperhésePes 143¥n O Pie Y6, -
produefion controller. 26 constructed in accor- dance with the teaé%ings of

the i nveratiom. 2Ehe alsioendnedudes: ral 88Rsbk0V3®T wWHiRAS Ueasthirdis’ Qhed2Sthe
supplied via line 43 by neans not shown. The upper end of the tubing 16 Is

al so cofidinger thas, artiviedf abwits" uppeirmostyipositdemd notor valve 46 to a

hi gh pressure gas sales line 47. The second notor valve 46 is 15

acPuated by*he oBPPesgnd" ¢fi "the otuhings 164ds wonnectedt tol a dfirst flow
tion, the plunger lift conpletion of FIG 2 is

gf)gtsregl :'ﬁr.f (2)6‘ a\‘l'ﬁ? ?2 ELt BOEPRe VAAVRod 20 ditey antdiosh PResauste filyid -deli-

wth 1 S B P Sad nd ES 8CRRpefatas ate o T dars tamason dealie 42

he pi unger 55 RceRt” PR n IR ook ' FoB*0 Barl WA [ Ralavaids’; 48 myader

e comeevtof U e dd oty o dofis | 26 ek TS

shesor  daned witiithid e ddenongs i £PeRb! 1AYeALBn!.NE IHE dIHY i A cddErol

 the flow of pressurized air or gas supplied via line 43 by means

not shown. The upper end of the tubing 16 is also connected to a

second flow “"T" 45 through a second motor valve 46 to a high

pressure gas sales 1line 47. The second motor valve 46 is

15 actuated by "on" and “"off" solenoids 48 under control of
controller 26.

In operation, the pPlunger lift completion of FIG. 2 is closed

in for a pre-selected time period during which sufficient for-

O mation and gas pressure is developed to move the plunger 20 along
20 with fluids accumulated in the casing 14 to the surface. After

passage of the selected time period, the cycle is begun by
opening motor valve 42. As the plunger 20 rises to the surface,
the accumulated fluids carried by the plunger pass out through

the first flow °T* 41, through the low pressure fluid line 43



4§;ﬁ§{oller 26 closes the first nmotor valve 42 and sinultaneously opens:-the
gond notor valve 46 to allow the high pressure for- 5 mation gases to
pass through the second flow "T" 45 ahp out the high pressure gas sales »
line A47. After a pre-selected tinme period of high pressure production
gas flow through the Iine 47, the second.notor valve 46 is again closed to
shut in the well and allow the plunger 20 to drop back down the tubing 16
and thénter thenagepAratorpré8sure Whene-thoxumpluatged oOara istdlsegeddlor =4
cycle.. Thus, in the systemof FIG 2, a pair of notor valves are operaed
so t hafieheftssithafl \Ehe splpedes fig pesittonedclipathehd ubslicatsk t 2D the
cl osed WnLI e se d valve is simultaneously opened for a second tine
peri od“?8 5Pllg\ﬁrpr NSkl fgr?(-lfrﬁﬁ HROYaL cvadved 4deldndinglinhbbacktonsdy
Thus, | e o lural vyalve operation effectively separates the | ow
pressuééé%trﬁg’s?fr%ér)ﬁ? emﬁl‘\éﬁﬁ' prAEeRr 86ptey ki B3, hiragheptesps ey Eor-

i ch 2EERC amRe N Badn SReRRRL The| seomproitishe T 48[ amcbcout Fhes.

1 and RiqnT L L= CUi i.nGl ydes .a m gLo- pr ssor 51 driven by a clock
driver 15% atﬁécéoéntrl\légte -—%//igggle?ljl ?‘ilp eexgz

. . *dat eds BEe-88lestgdnehime
54 angpér dequble! M i g}%}ééﬂé&PeSProdEQ%i%rrﬁC@?%]?E%%é’Eggp\(l\/%g,' _tf%]Se ] ot ?gr

processors referred t ereln, I's preferabl pe

o hy,e . atdlatd onal : semi -canduct or. nmodel NSC SO 1 . oo/
and, byheeye®bn&XABRbLe QBl1Ye Agaid Oi?él\glﬁeglogga. :dgs thu[f.ﬁexenm S-Wrbtednd,

CMOS mi cro-processor has performed sa ac- tori ro
51 is &l Bow conaepl afigklr 00gh A AsKIresek PSR £ AR 8 ITRIPY% UG6P A e 570t O\

the nenory 54 and to a
10 maction gas pressure to re-accumulate for. a subsequent cycle..

Thus, in the system of FIG. 2, a pair of motor vaives’ are
operated so that a first valve is opened for a time to clear the
well and then closed while a second valve is simultanecusly
opened for a secohd ‘time period to allow production flow from the

15 cleared well and then closed. Thus, this mode of plural valve
operation effectively separates the low pre'ssufe fluids from the
high pressure production gas. : -

Referring now to FIG. 5, there is shown a block diagram of \/
the well pfo_duction controller 26 which effects the operation of

20 the well comple‘tion_s illustrated in FIGS. 1 and 2. The cir-
cuitry i.ncludes a micro-processor 51 driven by a clock driver 52
and connected via a multiplexed data/address bus 53 to a memory
54 and a demultiplexing latch 55. The processor 51, as well as
all other processors _referréd to herein, is preferably of the

25

- 15 =~



5 per.pheral decoder 58 and a real tinme clock 59. Finally, the L
m cr o- processor 51 is connected over the Ejs 53 to a peripheral interfac
adapter (PIA) 61. The peri pheral interfa‘c adapter 61 is connected to '

receive input froma plunger arrival sensor through an operational 10

anplifier 62 and an air pressure fail sensor through an asso- ci ated

anpl i fier C#08 type gandubbyywayesfirexampié SR1§Q" aPhAtiit S | gnal
through anplifier 64 in the event the tubing prgésare e;ggg S s}'ﬁ fiductor

pre- Sel ecModels| NECWR0QNaL | CMOSIbmig ro-gavies siiS NasP' Syt £55m@as| afac-
t hr ough anBIifier 65 in the event the 15 t ubi ng pressure drops belowa
pre- sel ect@Fitd-ue. The MiEno-mrocesacr ofly st telgo Pevnhected 2thA8LGh' Tan
the renote areas ere such_systens are nost often |ocated, the systenTis
provi ded RABFERS bpa, 56 ARd, 8| memerycdesatenin atbather nemokyasq fatid W a
det egt or Sﬁ ggi ghlprgvi-dgs i nf ormati on t hrough the peripheral 20
i nt ef f acePaaRprEP519¢6o0RE 28, apd the IRak ehin®helomk psdcal Phasligse the
adapt er LSaC f ctuate a pair_of notor valves by nmeans of two
pairs of Gééf:gﬁo?gg , (érg%garf 8?‘{;1" %ﬂ" cz%’d‘%feeq oPVeEs the bweefh ©o ahpexdpheral
pairs 67 ﬂﬂéef?acﬁ”ag‘i?t%? ‘]:/#’W té]ﬁbperi pheral interface adapter 61 is
ecoder - 0 Ohe

passed t hrough a or the other of a pair of solenoid
drivers 72 anghé3pkeipha¥adclj o tar yalve solenojd pairs 67
and/68. A one shot rrup:ht i -\q/'i birnat or ;fs;e‘?%éfgg?ﬁg t¥ﬁe°ﬁé‘ﬁeﬁ&%r1‘ﬂg recedve
a signal ispstippfren ta tpEufgeenOiag rdiiaier . I ntroll er
ptuhg ' ?efn%oxr JUA o ?‘nuPP%P&iOnBl

systemof FIG 5 also includes a keyboard 7 or the éent
pr ot anmri amPLEE ber nt6R t andmenor wibs pressgre a faabogésls SPC R4S “ﬁ‘oi’w %Pgo-
ably .

bus system 77. A nmulti-character optical display 78, prefe
t he ciated amplifier 63. A high tubing pressure limit sensor provi-
des a sgignal through'ampiifier 64 in the event the ;:ubing
pres;u;e excgeds a pre-selected value while a low tubing pressure
| sensog provldes a signal ‘through amplifier 65 in the event the
15 tubing pressure d_rop's below a pre-selected value. 1In addition,
singe 'only battery power is available in the remote arleas where
; : such systems are most often located, the system is provided with
- a low battery voltage detéctor and a battery voltage failure
detector 66 which provides information through the peripheral

20 interface adapﬁ:‘er 61 to the rest of the system.

Thg peripheral_ interfaé§ adapter 61 is connected to actuate a
pik of motor valves by means of two pairs of solenoids, one for

".on' and one for "off®" in each of. the solenoid pairs 67 and 68.

_An addtess from ‘the _periph'erall interface adapter 61 is passed



™ .
'd crystal display (LCD) type, is pfvi ded for operator 10

robs€rvation of information as it is prSg ammed into the systemas well as
vayious paraneters and itens of data which can be noni- tored during the

operation of the system In addition, the display provides  a visual
al arm upon mal function as well as visual indications of |ow battery
voltage and a battery failure 15 condition. The display 78 is driven

t hr ouckhEoYgh r apdegodar,, 7l toc 0N 105 1 §he2 athero RENna| Padr fafselenoid.-,
one errbodl nment _of the_di each charact er can be either the nurre‘?al S

0-9 ordfifers o{fprd;73 Eg!‘_a¥SPPP°t"VR coes af s‘?ﬂ%rﬂﬁ‘i?@‘f‘%%pﬂ?lﬁ'ﬁ@é@ure
Cnat can s B pata 34 hobper shak, Mt YIRSl 44 per et Che vritn
%ggf?aéfieq LR ?‘g's'uPeggﬁ"Qﬁ tgoBberiRL da Knd Fdtngle SEErecd.

bt opert f‘éﬁﬂtwﬂ"gﬁeﬂ?ﬁcﬁﬁ IBre0 Shtha' URcuHlyl | kinddiEa YeL e

TI ME- | t | pi'%gi‘l e e | 0 } N
tes a#dd%e%gﬁdrf?%ﬁgﬁggl ;ll;u%% Ions 78b n?gg‘gj a4t cri‘ resggg- l*h%??e'{% 9
The nogierighP&rReyboapd ehieodert 76 and Itsxesfwm sysc‘ia.m 7hection 78e: 1
for node A and 2 for node B. To provide maxi mum battery life in renote
| ocations,A tineltjstharacténdesptipalerdiaptayi r 08,t Soefbrablepesst egheo
power domn all processor functions except those necessary to maintain
menor liguid t¢rystalr ddaplay dLODr typepasdagepobvided eford dperatornes
period or the receipt of an input signal fromthe keyboard 75. In the

lOper atobfervatior o s!@ﬁPﬁ!'aFF-G.n ag it dsderegrammed into the -ystem as

n

well as various parametgrs and items of data which can be moni-
f:ored during the operation ‘of the system. In addition, the
display ptovides a .visual alarm upon malfunction' as well aé'
visual indications of low battery voltége and a batﬁery faiiure
15 condition. The display 78 is drivén'thro'ugh a pair of display
drivers Bl and 82 in conventional fashion. Ih one embodiment of
the display 78, each character can be either the numérals 0-9 or

~ the letters H', E, L, or P. A loss 6f solenoid air supply

O

pressure effects clt;su:e of all mdtor valires and is visually
20 . indicated by th'e indication HEL'P'I; a low b_agtery ;latm is indi-
cated by a display 'which aiternately fla-sl':es' BELP 2 and the time
at which the condition began; a dea'd:'batte:ry effects closure of
all motor valves and is shown by HELP. 3. 'i'he status portion of

the display 78a indicates ihe condition of .the cycle of operation



descri bed above in connection with FIG %prograrrm’ ng entries are nmade p
first depressing the MODE key 75b and th after 15 ei ther the nuneral
t*0 sel ect MODE A and the nunmeral 2 to select MODE B. For exanple, to

program a MODE A operation, the PROGRAM key 75a is then depresséd foll owed
by the ON TIME key 75c and then nuneral keys to programinto the nenory 54
a tine PAdFhat FIECHAL: B8 Eithere QN TIME+Rh QW CRIMESE; sor oEKBAUS{ e PIME-L
into the gg nﬁel | with both notor valves open. Next, the PROGRAM KEY 75a
i s preseRileqthe remaiRdag,Fime. isqshown and degremented hnnbeurskeminue
enter ipto nenpry the.ti dyyi whi ch the second notor valve is to remain
open af tEP AR f¥?‘§?"%l 35 i‘ﬂ%?ng%%ds§8ttlﬁé‘ﬁ pt®Ruct?Ben fandy 78dm rreprer-

may cong Fin Y, e PROGRAM key 75a,. OFF TIME key 75e and nuner al
keys arnéeigggxéntig%y %‘%&? at FReEAGLgn] H?E dtPme‘?%t’éHt)eg%d Bnt&oMolf
| ch 1 8akpélicabpie O Ul 1t i 1 ch both potor val ves shoul d be
\(,:\ITybsed %ﬁ%ﬁ?ﬁé t7\?\/él'l iSE%? H?IH% 4 é}c‘ﬂ f\'g%or t%ée pgggra_n’m' ng paraneters'
are 5 \ pl_@c@@ \ tnmg‘ﬁggldi 8 th ' ered into ne
t hr ough keStbgar 75%6,% node opebr%glt% iéﬁ?ierri ?E’;{II‘ ﬁg/ee"b“;ra{l)égr é‘r?ﬁv?&’-\ﬁrﬁf g%;‘x
TI VE t cappeémt hd nidludes Y ) o i Wi cH ng .t
pl unger does arrinve by then w%ﬂ—ﬁ%‘é “I:'Il tigug%s t ceH ﬁéésj’te'%foir:ovgﬁvgr
~and opedowhealdc prbceskFF£ilhdEibasC!ddikfepd thos&h%ei%gri@ﬁirmx%}fﬁiﬂnd
shut-in the well. Once the systemis started by depressing RUN key 75f, the
m cr o- premesyonntilcditie obscapeeatecvHieititesythaMpagspigeyise & gadkstba
thh,peripheral interface adapter 61, decoder 71, and one-shot : :
Mo ti- viimet period ornthegi zeckdph wifc awl bnputl dignals fr'om tHE kegbsdardnd

open both notor valves 67 and 68. After the first "on" tine period has
el apsed’>the first notor valve 67 is closed

In the operation of" the system of FIG. 5 in mode A, as
.described above in connection with FIG. 1, prégramming entriés
are made by first depressing the MODE key 75b and thereafter

15 . either the numeral 1 to select'MODB' A and the numeral 2 to select
MODE B. Por example, to program a MODE A opét'ition + the PROGRAM
- key 'I_Sa'i.s th_en depressed followed by the ON TIME key.75c and
o then numeral keys to program into the memory 54 ; tiﬁé indicative
\_ of the time period within which gas is to be injected intb the
20 well with both .fnotor.'valv'e"s open. Next, the PROGRAM KEY. 75a is
pressed'again ‘followed by the EXHAUST TIME kéy-7Sd aﬁd numeral
keys to enter into memory '(:he time 'during which the second motor
valve is to remain open after the first valve is closed.so that

production flow from the well may continue. Fiﬁally, the PROGRAM



" the well

. . - i whi he second not or

'fii i Nj i f lift gas into th Il while t
&&dI5e ?grr:almngcgioce)g o al OngrOd“C“O”ff-OW Trprsn 2E)he WE'rLVT ded to the
. " ime" after which a signal i v

' LgPZ: iﬁ?gsgzget;ggpte? 61 to effect the closure ?L_tgeprzeggrgcgggor.

perip hxa@! Ln.Closed for a thir e-

{011 T per 0 11 he-cyol & SHRCROReER Revihn b "mientinlof adel-

. . : i cty ) L1 ON OF LHE
Compl et | g s 11 P12 one k&, S3SFSUAESRER, Bohbe) Sl lrion e

. | g ’ e n n I ! .

e e oo, Y 80V oD i cns
“Wwhi ' S$ : . i ,|
re-ver| e L ot e s vioen e Widosin e i el 1
togal | owsforomtiQn pressure to accunul ate. Upon _ S Si ana
oy S8 0L 5 !y 1 0 mbwrons AR 18y e

i interface adapter , -
7o and tBEoflh ReShard . *°X Bpée Ehoraratiowtng Ufﬁg%ﬁtl gyogg‘rﬁg?p‘g‘w&d
o i i | unger_arrival sensor throu
ol 11 88 0N F Ko | GpeR o hes GRS honovom walve! dal i ot ifde e
anpl ! : first motor valve 67 to clo )
ol il anea e e ek BTHAGRE: dPernare 1o thy dan fOIEXERTST BME to clos
simu ’ . ; i ction :
" f . high pressure produ

sel ect echeexfppst mb¥or RAATWVY & e and OFPr TIME O A8B8s.
Thereafter, both motor valves %ﬁdaﬂg Bs the: s9qend BT TIME

Wi tirte pa ' i ncl udes/
| e ' | .repeated. The system al so inc |
K0T 11 the pEdond ABkSEvEYGLCahY BRALN (P eRgAl ed. T ystem al so

a pressure override feature-in éo?ﬂ h548s thegmeld .o the p

ional anplifiers 64 and 65
Lransducers Omoe cohac@yited is UANE B ELpA088; 307 Run key 75f, the
so that after an on tine _

micro-processor 51 controls operation of the system to p;'ovide

signals to the peripheral interface adapter 61,
one-shot multi

decoder 71, and

-vibrator 74 to energize both the solenoid drivers

15 72 and 73 and open both motor valves 67 and 68. After the first -
"on® time period has elapsed,_the tirst motor valve 67 is closed
to stop the injection of_lift gas in;o the well while the second
motor valve 68 temains_open to allow production flow'from the\J
well for aﬁ additional “exhaust time®" after which a signal 18
20

provided to the péripheral interface adapter 61 to effect the

closure of the' second motor valve 68, Thereaftet, both valves

remain closed for a third pre-selected "off time" period unti]

the cycle is begun again.

In the operation of the circuitry of FIG. 5 in mode B, in



has expired and t.he tubing pressure is gtAall above a pre-set high limt, /-
the well will remain open until the pre re falls bel ow that val ue.
Simlarly, if after an off tine has expired, the tubing pressure is stil

below a lower linmt the well stays closed. Referring next to‘the
schemati c di agram shown in Fl nd 7C, arraﬂgﬁedfor wevmng as shown
t her ei NCORRECKLOR, W i&r’bc&%o‘?"?ﬁ‘f‘é"&oﬂ%&% qam "tﬂ"?'!/e%h%‘yna 08IBer 2

{1 1 pvi bheckeyeeara’ 35° rneed ¢ agiret Phabnih o CRABE pEfl, }ber jinatag, 2
capac: 14987 SHRRHFGE 7 pfodfikeie o nsiRe e B FEEAPRNGRIER nign
tonpri SPREethES, 4, RERUREIBR LITITTIEY Yoffhe Tolabihg (efdating of

connect efle! et 1° 4N ¥ bhe Kol 363 Sﬁ:rﬁedtﬁenuemicaedtbobteh%uuy

peri phera coder out put " of

M Cro- P§RAESSIH &d | A FowO roemation! predBaré o aaéeaauﬁaéeaddrsﬁénb%ﬁ-’%
to a nunber of other conponents including 15 the nenory 54, the real .

time clefét?8n Ofe thies Ryl &y déprds$i6n 88f thé RUNSkey 75f,"&he mitrd-he

keyboard encoder 76 and the peripheral interface adapter 61. A nenory
decodi nprbeesbo¥’ delpverisdcd toigrall t thteughhetitnt perriphuidilesintextace
fr the out- put of the mcro-processor 51. The nenory 54 includes a RAM
20, nadapie®4 6igr tihee aneorshpt ciulehsvibriabaraitd, candattekdeicodex 71 to
sekect abl e programmed data, as well as a plurality of EPROM S 95, 96, and
O for ?ﬂ@nst%géibﬁtpmgpa’mMQ oBf7hor When n#c.segnprloc@smaceszed oper
keyboar d encqder connect ed to the ke board 75 gFI G, tq i.nput
dat a frBhet P&‘W@ﬁi’oaﬂﬂ' } gepmgor through he operational pl:.f:.er 62,

the fl;p-flop 60 and the perilpheral interf_ace adapter 61, the -
micro-processor again causes the first motor valve 67 to close
and, simult_aneously. the second mot._or valve 68 to open for a pre-
15 selected “"exhaust time" period of high pressure production flow.
Thereafter, both motor valves 67 and 68 are closed for a pre-
p:ogramed. "off time" period and the cycle is again repeated.

The system also includes a "pressure override" feature in

¢

both modes A and B so the pressure tranéducers are connected
20 through operational amplif:.ers 64 and 65 so that after an on time
. has expited and the tubing pressure is still above a pre-set high
~limit, the well will remain open nnt;]. the pressure falls below
that value. Similarly, if after an off time has expired, the
‘tubing pressure is still below a lower limit the well st_ays



heqnenory 54 as well as the optical display 83 for observation by the

t

to ene
sol eno

X a sol enoid decoder 71 as well as t

or. The out put of the peripheral 'qterface adapter 61 is connected

rgi ze the solenoids for a pre- selected tine period. A'pair of
id driver circuits 72 and 73 are connected to "on" and "off"

to

ough a one-shot nulti-vibrator 74

sol enoigdegled, each of the two notor valves. A plurality of external inputé
nnected to the input of the peripheral interface adapter 61. A -

are co

signal fromeZeriige nelt it theV s6hehst cNALaGLEAN Bhowah i FIGSY B, 675

and a
pl unge

f lip- flop and 60 to provide a plunger arrival signal when the
andas 70;ac ardanged offqrosiviiewing) tdw tsHowy. thereim,tithe imidyre-

programmed into the controller so that if the plunger does not arrive to

cause
the co

3 mul t SReconpy ining an eachbhiater (8l conpectrd ghroigh & flipflap <ird

time p
re-set
- new 20
si gnal
whi |l e

to the
pressu

10

prpcesgor &Y iiml congeatedy tohde idrd were Byna 1500i K&, ledo ok« @dr iorer
ntroller will automatically cycle and close the first valve and

eriod follow ng a plunger arrival, a signal is placed on the plunger

cuddd 93R whThe Pesdddater 191 pincipdes and bl esystalo Hax AGKoss
whdch cB8CaARnArtan oA eRLRHOE, SBwas! PakF | Abu BerlaATPRITeRRd

SaPACTIEYY B3R nod) FLET B AP aP et Fud S (6 A e L

b crotpraddidor ¥PVfs @6nndEL@Y to the memory decoder 57 by leads

comprising the address bus 56. The output of the memory decoder

'57 is connected to the memory 54 by address leads 93 and con-

15

-

nected to the peripherii decoder 58 by a single lead 93a. The
output of the micto4ptocessor 51 is also connected by means of a

data and address bus 53 to a number of other components including

S

U

the memory 5S4, the real time clock 59, the display drivers 81 and.

82 (FIG. 5), as well as the keyboard encoder 76 and the

peripheril'interfaCe adapter 61. A memory decoding latch 57 is

provided to demultiplex the data and address buses from the out-

"put of the micro-processor 51. The memory 54 includes a RAM

20

memory 94 for ‘the storage of measured 'para'meters and keyboard
selectable programmed data, as well as a plurality of EPROM'S 95,
96, and 97 for the storage of progtam control for the micro-
processor S1l. The keyboard encoder 76 is connected to the

keyboard 75 (FIG. 5) to input data from the keyboard into both

o’



re-sel ected val ues. In addition, a batt r‘Q\ fail signal is coupled
hrough an operational anplifier 98a and c ected to the peripheral
ent erface adapter as the BF |ead while a battery |ow signal of a somewhat
reater voltage than the fail is connected 5 to the PIA thro&gh

per at i onal ¢ @ Pinbibg BL | ead. As can be seen, the circuitry of
|GS. 7A, 7B and 7C erve gg?‘ sOPbigal fieplalye 85 for P6B6&2TRE ion

gh.the peripheral interface

nd the varbpush@e co €
P “’Em‘w" Wt%?ﬂ'ﬂ Botbe Pefdiphanaloninkerfs¢6Sadapter

dapt®t to effect operation as se

ccted 11 ﬁﬁ?i’%ﬁéﬁﬁﬁa&?ﬁ potn & aEERbEa aRredeks tE-ogféaldlfnetheit[ “ahcthrough

s C 5:;3%2?523%3%?35?:@3?6@f'f@{‘ g FHHaldr fond pee-

n out put romthe set lead of flip-flop 8%% |§ g%ﬁ%éc EVFH[ &}gﬁ’f ﬁa}? and
Qut put . from the

gate 9983pAZe eennrctedr bopron®s and aptfre
lip-flops 83a and 83b are connected through a %érﬁogdtx&ﬁs fEh 9L theg two

Jgates 100a™8 ﬂrlUGﬂm-ch are connected to drive the display. One of the
gates 100a is: ected to drive the tinme colon which flashes on and off

Whl le the un|t &t?ﬁnGMEraaﬂhdm&w O ecdiibct &q CPENERLE a
" pawer savg 3#}{}%1 bur ns st eady when the systemis ?ndpg%§ﬁ§a339M€f
and i_ndi cat he ntesdace | adaptey Bsunal. sighll PP Sﬁvglun er
nobled al | PEPEGEE0Tg ﬁ% anal og functions are powered down except thos 9
necessary to na h- A hetd %%mnthapushgmml inperteroB téhd ORS 14D~
power. In g eXRat ¢of
_ Tep a' 69 t%sﬁlgg@lde a plunger arrival signal when the plunget

h

as reached the top position m the tubing. An "on time” is pre-

rogramm

pProg ed into the controller so that if the Plunger does not

arrive to Qause a plungez_' arrzval signal by the time the “on

15 ] .
time" has expired, the controller will automatically cycle and
L close the first valve and simultaneously open the second valve
| -After the passage of a Pre-selected time period following a
L plunger arr.i.va]., a sxgnal is placed on the plunger re-set lead PR
' which tesets the flip-
% p flop 60 and enables it to receive a new

plunger arrival signal on the next cycle._ An air pressure fail
signal is also coupled through an invertet 63 to an input of the
PIA 61 while high pressure and low -pressure transducers are con-
nected as inputs to the PIA and, respectiyely, provide indica-

tJ.ons thet ‘ the tub_ing“_ pressure is either above or below



g1 ther the keyboard decoder 76 or the ﬁg?ﬁ time clock 59, which produces a
gtgnngl on the CLK | ead every five seco I's received through gate 99a,

t hepower save circuit is switched out of power save node and power s
delivered to all of the conponents for operation and eval uati‘on of the
status of the system 10 Mul ti-Controller

o ur ol (PO D, WA P 1l SSRIELRR, 010 DAV IRAL, TRTAT Ola®

contr ol W o6l Ush i 3 fr I ' Yia .
édg%fave &w@tk%wlgﬂ ShePEtiGARY 1£idt JENHrd/dokheéted to the

accordan teachings of the present invention. Each of

these wildipheval | iHtekEacec dddptdtdasa the | Pedd ehligediabdt ety NEow
surface of the earth down to a produci ng geol ogical formation which is
lined wiighal topuaarsomevingt 1§relatelr ivoltaderehan thea faddi ais adpanected

t he producing fornmation. The well  also includes a 20 "~ string of
t gbi ng tib thnrPIA ethfought bperagionalddjampdiif itdre 98b -as ke i Bisleadt he
surfaee and which extends out through the top of the c¢asing through a flow
"T" 107 andds ¢amrbeaseen2othe#heircndtran®HoFEGR. 11/ nlBiand c76Gi aarvd B9 a
tubi ng stop and a bunper spring and a plunger 20 is nounted for

reci pr Futensignals tte and ugrﬁg. the hmdcrompracessaronpnd: ithes various

may be essential]y identical for illustrative purposes,. apd the_output of
cach {IRSK Sphenty FampORRBES - 4ALPUGH. E1E, REF IANFRAL LBESREATE SARPES) £Py.
of motor,_yalves 111-116 to a_cC n nifold 117 connected to 5 : .
separ ateffest JAperag ?nsaﬂ%s.selg%%'g? aéﬁgﬁ n t‘ﬁ%“%?fai%aﬁi@é‘ HE6S 60/
g@e actu by a pair of solenoids 121-126, respec- tively, which are

nnect fOY operation to the well production controller 26.

‘The 'p_ower save circuit 83 consists of a pair of inté:c‘on-

nected flip-flops'83a';nd 83b having OR gates ¢6nnected t;.each

of their reset leads. An output from the.keyboard encoder 76

through OR gate 99a is coupled to the first'flip-flop.83a. An

15 output from the real time clock is also connected via the CLK'

lead to the othef input of OR gate 9%a. An output from the set.

lead of flip-flop 83a is connected through another OR gate 99%b-:

back to thé micro-processor as the WK: lead. Output frbm the |

flip-flops 83a and 83b are connected through a pair of EXCLUSIVE*J .
20 OR gates 100a and 100b which are connected to dtive_the display.
One of the gates 100a is connected to drive the'time colon which
flashes on and off while the uhit is in ope:htion_while the other

gate 100b is connected to a "power save® colon which burns steady

vhen the system is in power save mode and indicates that minimum



Due to the expense of provi di ng supply gas and/or conpresso 10 capaci@-"
jin renote locations, it is frequent% desirable to operate only one of

‘a2 plurality of wells at a particular ti eriod. The controller of the
present invention 26 serves to sequence a nultiple of wells between an "on"
and an "off" state, each for a pre-selected tinme period of "on" time and
"of f" time 15 in an orderly fashion. That is, by entering the "on"

time and "off" tine for each of the plurality of wells in the array, the
controtl erpowét R8I BEiA@N: L aug] NGl ngti.on to. turn fhe:. wells on
in sequence in accordanéﬁ ﬁ??ﬂs?%g segﬁgnékz.yogéggiﬁ?qﬁﬂcﬂ}{hgrﬂﬁFF§°€a@Wd
reach an anaXegifunotibhei areopbwelried® .4 I o _FI 6,
the LCD display is simlar to tbhe di spl §§9178ex0<%e;|:: G&éséwhggegkﬁﬁgbgf’i Fyrn-
char act er $a4n Enemogyd aRd cessen that Wdig tal1ar pELRLE bheNS AN S L FVL pow
status, and nuneral characters to indicate tinmes. The status portion Qae?‘
i ndi cates the condition of the cycle of operattnorend &Genéei lgduij §§a§£1h?gom
ON gIME - Por OFF TIME - Ewhile the remaining tinme is decrenmente

i n hours, eHtFestBRdkeybeard idechdert ay6sert itthes 78al t3heatl o€ 59, which
respectivel%. The wel |, nunpber being operated by the controller is shown in
section 7BFPd8ces a signal 9a:thei SLEr dgrdmeseryn five reddond®) | is received
cqnfiguraEhQQ %%hf0||02%1 First, the PAUSE key 236e is pressed to stop the
opera- tion or thdaHS cldd s i NOHBPESEr Save: £ircuid jim swilexied ohe SROBRAM
key 236a | r f.oll owed by the L NUVBER key 236b and a nuneral to

i nlicat e %‘ ggpﬁ‘?%ulaglré veryer ’"I.Sne?é\gﬂ’gﬁeda ) aht iafe they comperent@N for

TIME key gpgéeakofieRines $hifkh 1 owed by puneral keys to programthe tinme
in&g t he ngnnry.o Eggﬁ tir&g%éﬁ¥§d°gr5§?aﬁﬁ€&uﬁe&ﬁlﬁﬁftqﬁﬁ?ﬁﬂi sequence
to e_repeated, : Multi-Controller Operation

»

Referring now to FIG. 3, there is shown a schematic drawing
of a plurality of plunger lift well completions 101-106
“and which are all cohtrolled by a well

production controller 26 constructed in accordance - with the

15. teachings of the present invention. Each of these wells may
&J illustratively include a borehole 12 extending from the surface
o of the earth down to a prodhcing geological formation thch is
~ lined with a tubular casing 14 which is perforated in a region
o adjacent the producing formation. ‘The well also includes a
20 .

string of tubing 16 connected from the region adjacent the per-
- forations to tﬁe surface and which exténds'out through the top of
the casing through a flow *T" 107 and a lubricator 29. The lower
end of the tubing is terminated by a tubing sﬁop.and a bumper

spring and a plunger 20 is mounted for reciprocation within the



mely, PROGRAM WELL NUMBER, nunerals to select the well, ON TIME or OFF

ME keys and nunerals to select th yre. The 15 sequence i s repeated
until all on times and off times f all wells has been entered into the
menory. The operation of the controller 26 in conjunction with the multiple
well configuration of FIG 3 wll be explained in further detail

bel ow. 2ubing. Each of the wel(st icwimpilet iGms rX0l-€xo6nrdyt bé Nes®éft { 40T
nowto FIG 4, there is shown an illustrative sche- matic drawing of a. -

pl unger idéntiral wéor ddipisdiative npurposes,hand theFlditput WEreach t F¥ow
wel | is operated, in accor-- dance w th various neasured paraneters by a
wel | pr'odfuck9dnis commechedy pespectrhvelrl| throhuglca mnsrafhod cplerality
extending fromthe surface of the earth and having a tubul ar casing 14

ext endi ﬁ% f%ﬁ?!hé"ﬁ%ﬁ%a’é’dﬁ%‘tmtmmiw#mdt 137 sonpectiedcto a

forations 15 are formed to allow the sage_of fluids and gases 5fromthe
f rnaticﬁ?q%%??‘legéa?f‘ﬁg ﬁ@asmégﬁérﬁ ego’%m Each ofsithegnokox uyakvess

whi ch i §{seryinated at the.lqwey end by.a tubing stop 23 and a _bunper
spring ;&1-1;?{6&%& o&ﬁh’ﬁ&egl uﬁﬁer‘ 2§%ii§ nB nt%)l iqzﬂ)vé%mni‘n arespec-
verti caly Q) ti tgbin 16, . _The er d of . the,
casi ng t'lig}é(’: Se ggﬂagﬁ&%e%éfﬁ% gﬁh ﬁggrBF(BPPu&%%é’f’eﬁ)oﬂ?%d%%E{'?Bn
of the tddivibderehagncl udes a lubricator 29 to receive the plunger 20 when
it is in i1ts uppernost position. In addition, a plunger arrival sensor

The upper - orney 67 ShEC b SEC0PVIRthe) BubBY, SRR Senbiielo

The upper end of the tubing includes a

g.f cgﬂg%ﬂd}% ?Ougﬂcﬁeg?w Qdlcwt iohls , OB atigd fiQ&QEHElySOJiSEQHS.lel?’@o
operate only one of a plurality of wells at a particular time
period. The cont_rlollét- of the present inventi;on 26 serv;s to
sequence' a multiple of wells between an "on" and an ."off" state,
each for a pre-seleéted_ -time period of "on® tiine and "off" time

15  in an orderly fashion. That is, by entering the ®"on"™ time and
"off" time for each of the plurality of wells in the array, the
congrollet will perform an orderly *queing” .functi‘on to turn the.
wells on in sequence in accordance with the aequentiai order il;'J
which the wells each reach an expirgtion of their "off" time. et .

20 Referring to FIG. 6, the LCD display is similar to the'
display 78 of .l.?IG.. S, with alphabetical characters H, E, L and P
_to indicate both alarm conditions and circuit status, and numeral

characte_rs t:o_ indicatg times. The status _portion 78a indicates

the condition of the cycle of operation of the circuit as either



- . o
controller 26. The output flow line from gg not or val ve 131 passes thro"
a’ tenperature flow and pressure sens /133 and 134 into a 20
separator 135. Actual tubing pressure and tenperature are noni- tored
t hrough transducers 139 and 140 whil e transducers 145 and 146 nonitor

casing pressure and tenperature. The liquid flow fromthe separator also
has tenplr alIME, prePsuor OFFf|TIME ate BOnwhiled ENeScr@Rifning- 18fme is
respectively, into a storage tank 25 36. The gas flow from the

separat decrementiesd\s int rhours), t @inutesat and, gwesmis e inandidpayr alections
sensors _141, 142, and 143, into the gas sales line 32. The output of each
of the 8@per?tAdandpi8esurzespectively. r She waklsonsmbercbedognapiexatéd

the well :production contyoller 26 and each supplies a nmeasured val ue
thereto & I?é"'ctr‘é?q‘s’cﬁﬁzel’ i%"‘%rﬁﬁ‘zéﬁcb}Wh@ggont rol ler. It shoul d be
clear that pn other. aspects of the i ntion, the well_ paraneter noni- 10

y
tating trafffullydtensis Wr%‘£3 R i8e; ML ywall cconfiigyration: as
ot her. dggi par S, e4€ L1/ wat ratio_and sypply that information
Co the EoreBYeel MRS oife Sonusts k88" Fhgentn pEPeaail B0 goR i ppera-
establ i gk P&ENGIHY € ek Yol f i peerj 1 .Lhere are,certai
pressurg?ﬁﬁowéfelqgﬁ o%s%cp‘){siqzlsn&é we ?Q‘g%rrgl eé-.i%eonitvmf‘%h 1_'_‘r'e| at Xto tqne
opt i MUMPROGRAM iKEYy 33564 1kNpriglla £ | €ne! S d kL3
t hay by cal cul-atxigoyn of the | ?ieal Tubi: ﬁ&ﬁgﬁﬁ(?ﬁe&?rgﬁﬂgsygw&%v@-
relati oanlti pg nbmeralvetd, indicaQ atRe GUr IPIEEe WBE1ACt UgheFWRiEREr, a
Presgure of that well just 20 before the well is opened and adjust a
ddhvent tamel keyersmchecas ON TIME key 236c is depressed followed by
numeral keys to program the time into the memory. Each time
period programmed requires the full sequence to be reﬁeated,
namely, PROGRAM, WELL 'NU'MBER, numerals to select the well, ON
TIME or OP_I? TIME kefs and numefals to seleét the time. The
15 - seqguence is repeated until all.on times an.d off times for all
wells has been entered into the memory. | |
The operation of ﬁhe cdnt;‘oller 26 in conjunction with the

multiple well configuration of FIG. 3 w.ill be explained in

C C

further detail below.
20 , Optimizing Controller Operation |

| Referring now to ?IG, 4, there is shown an:illustrative sche~-
.matéc drawing of a blunget.lift.oil well completion similar to
“those of FIG;. | 3, wherein the well is operated in;accor-

dance with various measured parameters by a well production



g cycle to achi eve optimum production fromthe well. That is, by

png tube well for a longer period (or shutting it in for a shorter

v d), if the actual tubing pressure is greater than the cal cul ated i deal
pressure and by flowing the well for a s?orter period (or shutting it in
. for a longer period) if the actual tublnéz essure is lower than the

cal cul ated i deal pressure, production Ievels near optinmum can be achi eved.
However, the pressure/flow rel ationships |n a mell change with time and nmay

vary substantlally for a artlcular wel | . ween visits by an M
oper at 8PPtFQLd@TsLOt he TRGi c+%§1Ude?haCEMFFBPFSrLﬂ ?*ﬁ@%@é§§n¢f°m
I nvention includes e capab t f re ul ar i cal | asuring : the
vari ou% efPHﬁ%ﬁ¥§%§%$e7?%n? 5Eba¥8ﬁ gﬂ@h@: aﬁn%aﬁﬁxﬁgié exsending, g

val st FRRT R té’esiﬁ?ate{ﬁﬂebﬁf %é?ih%ﬁfé’#@?ﬁa%?&?&gigﬁ gﬁﬁltfﬁe%%r-
resul tegh ot R0l OFESZOL %oﬁ.ﬁ%uto | PfFodindeghysla I #6180 2hadsy

cont i nuous operatron o I eve opt on 1roma

| ndi V4 fpghy ‘@T@ f’énﬁ&tfﬂh' xﬂtfo' Q:lr%ycgaé’\ﬂ:+Slbase%h@%ﬁt#ﬂooQﬁEihhgﬁea

condi t1 ons. Purely, way of exanple, i1n illustrating t

use of gthenyeldf CRRUDIN €16 Ownilth p£§SQ@trxdﬂiﬁEd ORtShH 1BwEkGeri ByNR

PRESSURE can be determned for a particular well by neans of the follomnng

rel ati ga@pling: S¥SpNE3 and a bum AVE%¥I§&1QNVNGA reciprocating piahged e/

PRESSURE SEPARATOR PRESSURE PRESSURE For each

i

wel | ; 20hdre mbanttedEr B mbaem@n: W ChA d@z&rmﬂe dheecdtionatupharl aowﬁd _

pl unger conpletion will cycle, such as depth of the well, gas/fluid
rati o, thgastuigiagi abé, fIPhied ugpadi aed arfd the casing is closed at a

l0wellhead 18 and has prq;ru@ing therefrqm a section of the tubing
which includes a lubricator 29 to receive tng.plunger 20 when it
is in its upbermost position. In addition, a plunger arrival
sensor 30 is provided to indicate when the plunger. is in its
uppermost position. Thé upper end of the:tubing includes a flow
15 =T* 130, the output of which is connected through a motor valve
i3l operated through solenoids .132- by' the well productioan
controller 26.
The output flow line from the motor valve 131 passes through
a temperature flow and preééure sensors 133 and 134 into a
20 geparator 135. Actual tubing pressure and temperature Afe moni -
' tofed through.éransducers 139 and 140 while transducers 145 and
146 monitor casing pressufe and temperature. The liquid flow

from the separator also has temperature, pressure and flow rate

monitored by sensors 136-138, respectively, into a storage tank

25
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casing and tubing sizes. That is, a particular well wll build up
ressure fromthe reservoir sufficient to nove the plunger to the surfacg

ﬁnd renove a load of fluid at a characteristic rate and there is sone

ercentage of the net pressure at which tgi;%ﬁ' will cycle over without a
I sk of the plunger getting stuck 5 m ddl e. A FACTOR as. sone
wo digit fraction of the NET PRESSURE is experinentally determ ned and

rogramred into the system A MAXI MUM FLU D PRESSURE i s next determ ned:

ET ~  36. ThEAQGER £ | MUM FLUI D x = 10
RESSURE 9 ow from %ssﬁﬁ:a%ﬂm; DHAS TEBow8 through tem-
CASI NG perature,hﬁgggﬁh@gLUIQdP

PRESSURE Thus, the . controllér pe?ﬁ?ﬁp%%ﬁi/s%ﬂﬁﬁﬁ?zeélvtﬂéﬂsd@@§114lo into
15 neasam@1935\ﬁa1émslpaéagggers necessary to determ ne an | DEAL TUBI NG

PRESSURE and the SALES LINE PRESSURE. If .the sales |line pressure is |less

than the ideal tubing pressure, then the well should be opened for flow, if
not the well should be shut-in. The well production controller 26 of the

20 invention in the enbTdienenitpalwOVeE i BabhCof? Y d QhSel D€, CASIN -
pressure b; Heans of transducer 145, the flow ng separa % g%#%%%ﬂ?e ess“fer
means of tPBAsdfidew 1Eétean§emls@nsjblam@ Peeaflelcd ddr @i4dh ¢ hran?,% er _
The factor _is es& blished for a par- ticular well based upon bPFP Ycrion
t he.el | tSOPFFPLEeZo/28mand each supplies a measured value thereto when the

transducer is energxzed by the controller. It should be clear

y

'\_/.

that in other aspects of the inventxon, the well parameter monit -

10 toring transducers 133, 134, and 136~146 could be selected to

-

measure other desired parameters, e.q., oxl/water ratio and

supply that Lnformatlon to the controller 26 for use operating
the well or wells.
Based upon established prxncxples of reservoxr engxneerzng,
1 _
5 there are certain pressure/flow relationships in a well comple-
tion which relate to optxmunl production from the well For

example, it has been determlned that by calculation of the Ideal

Tubing Pressure from establlshed relatxonshxps for a well, an
operator can comnare the Actual Tubing Pressure of that well just
20 before the we{l is opened and adjust a conventional intermitted
| t1m1ng cycle to achieve optzmum production from the well. That
is, by flowzng tube well for a longer period (or shutting it in

for a shorter pericd), 1f the actual tubing pressure is greater

than the calculated ideal pressure and by flowing the well for a



Ui d and as a function of the gas/liquid ratio and programed into the
ol | ed nenory. The well production controller 26 cal cul ates the ideal
Bilng pressure in accordance with the aforesaid algorithnms and conpares it
to the sales |line pressure 5neasured at _transducer 142 and, in the event
the ideal pressure rises above the sal e& 1 ne val ue, the notor valve 131 is_
actuated through solenoids 132 to open the well and permt production flow
therefrom 10 Referring nowto FIG 6, there is shown a bl ock diagramof .a
system constructed in accordance wth the invention for the -r
oper at | @hoftdepaiidd COsH I hubYSAEM ENPMNELR K| BSngdraBddoa)! 15 the
particular, the systemincludes a mcro-processor 151 dfiven by a fg cl ock
driver BsZusal dtubingqunessece t Ds aldbvee €haNethd 582 Dy¥,uMBRBY Qﬁeﬁg addr ess
bus 156. The m cro-processor 151 is also connects by neans of a data and
addr ess PReSSIBS t Ipmdyictidn nbeviklyatieds 6Pt BnaRMOaN BS4achibeaddition,

the m cro-processor 151 is con- nected to a denmultiplexing |atch 158, the
out put of wHewever ¢ortheOpeasaitey £ 1w Mralat idvstvips t Ha bas ddY1aschwide
as to the real tinme clock 159 and a system decoder 200. A bus system 201
" con- nestith htimestand desydeargndudstanaiallyeforoak parwigeiapheeidll bet-
I nterface adapter 202, having a plurality of inputs. A low voltage

Rt ect | mpeatet WdSi tiss by¥nrartt operatore topwad His5the animpegatdysiles. Th-
anplifier 203 which provides a low . battery voltage signal to'w
the i npgendirakkepedfphthal Anasentacinyension 20rclndeés thewcapabigdty of .

condition fromthe (digital_ battery) is )
regqularly, cyclically measuring the various flow/pressure/tem-

perature parameter of one or mofe wells and controlling the
operation based directly upon the use of the monitored values in
10 algorithms pre-programmed into the procegso: and the result of
the processor's calculations.and decisions. This enables direct,
continuous operation of a well to achieve optimum production from
an individual well or an entire.field of wells based upon actual
operating conditions. _
15 Purely, by way of example, 1in illustrating the use of t e/
well controller of the present invention shown in FIG. 4, a NE;J
PRESSURE can be determined fof a particular'well by means of the
following relatidnship:
CASING AVERAGE.FLOWING ' NET
200 PRESSURE SEPARATOR PRESSURE | PRESSURE
Por each well: there are numerous falctors which determine the
réte at which a plunger completion will cycle, such as depth of
the well, gas/fluid fatio, gas gradiant, fluid gradiant and

casing and tubing sizes. That is, a particular well will build



-connected through an operational anplifigr 204 to provide an 5
I ndi cation to the peri pheral interface'@i ter. An output froma casing
pressure transducer is connected fromterm nals 205 through an operati onal
anplifier 206 and an anal og digital converter 207 to the peripheral

i nterface adapter 20%}.r Simlarly, an input fromtermnals 208 fromwhich is
connect &% apxl%su‘f?o PR, Lhe, Fe8Qry it Aufficient chonwoved ther plginger to

ope_rat-i,grl]ﬁ@ &E@#H’;l er 209 and the f\ t8 D_converter to the input of the
peripheral- i ntertace*88aft@PV0R2 198%a0di (hlaHd tafe surbaractezistiiongate
ol 11 and, TR CaGE B rE R At OF5 the S| RECPAPES AL (WBich the
i ph i ' - id b ti [ t f th
D el o oAt AepePeOBbEE ol d 1Sk 3F Bhe [P1UBaRES gerhing infck
tigese  Hpangglic re ' am ol asi pressure, flowng |ine
pressure, . andcﬁﬁg?%g prgslggggi?gaﬁgduscéﬁ% ggﬁngg‘f’é% t%ﬁ%‘l"jrﬁ’%a?g sbs NETS
210 20 pRESSURE1 ' I£er 4. and J139. respectively, of
FIG 4.. An out pu?s%ﬁ’{eﬁ%ﬁfﬁlgﬁgra&%%ﬁ%%ea pPEngﬁ Fé cg‘hﬁ%ctté’&
t hroughsgstemi.ching transistor 212, a field effect transistor 213 and an

anal og battery regulator. 216 to supply voltage to the transducers over

t er mi naRs MAXIMUM |FRILID (HRESSURB-is nék€cdstapdipe@duce an out put reading
| ne/cati ve of the respective pressures. Input froma digitalbattery is
provi ded t oNE&ads 215 whi ch arBAGTORected to a MAKIdEM pabiery regul ator
i})ﬁ/the out ﬁ%t of whi @ powers all of the digital conponents necessary to
) ret ai nP #8OREand continue regul ar oper ati BRESSBRBepar at e anal og

battery ia provi ded for powering the anal og conponents such as the pressure
transdu®Bfs and i s operated through a power save
IDEAL TUBING * CASING MAXIMUM FLUID
. = ] ] B - :
PRESSURE PRESSURE PRESSURE

Thus, the controller periodicaliy energizes transducefs to

15 -measure _thé various parameters necessary ﬁo determine an IDEAL
TUBING PRESSURE and the SALES LINE PRESSURE. |

If the sales: line pr'ess.ure is less than the ideal tubing

pressure, then the well should be opened for flow, if not the

CC

well should be shut-in. The well 'production controller 26 of the
20 invention in the embodiment shown in FIG. 4 monitors the casing
pressure by m.eans of tran.sducer 145, the flowing sép;ﬁator
prgssure by means of transducer 142, and the tubiné pressure
through transducef 139. The féctor is estaﬁlished fbf a par-'

ticular well based upoh the abiiity of the well tollifﬁ a column



cﬁ%ﬁ%ﬂt which will be nore fully explained below. A second peripheral
i th ace adapter 219 is provided and the 10 out put of which is

connected through a bus 220 to a sol enoid decoder 221 connected to actuate
one of a plurality of solenoid drivers 221-226 which control the plurality

of motor valve in the multiple well enfodinent of FIG 3. A | ow
digital battery voltage detection netwofk 231 is connected through an
operational 15 anplifier 232 to the input of the peripheral interface

d 1 i]e a dead b 'y d ' k 233 is, cc ted thr8ugh
an opor G SHALLANG r16ra B3ACEIORNBENENE AR It TRT FBheTal PF RS EAEES
adapter.2$9. %xplun er qyr'val ternina% 235 i, connected to -a plunger .
arrival ‘8 Pe Bt CRAG™ %4 eéindmﬁ'r"85?’des ge weill BRQ “_Fﬁr‘SﬂgchT"Ftﬁﬁnl%_r%’b 286
to Indieghguiitdy ' et qfaggp}p;mg%_ft TS ARCT RO LR AL ANE LAY 1Y

{:
the perrpheral 1nterface a n-arr pressure rTailure det

con- negkpdelsQ ildrdl ki@ﬁﬁsam$5”EW$H§§?g_%éy%% E?ﬁtg%ﬂggifqﬁgabressure

i nterface adapter 219 in the event of a i lure of e conpressed air

suppl 5 meas@TR@ SEL t erwfsdbcedapt 2 243,008 s LDEnRDIGe V&SP pPessure
mul ti-character liquid crystal display 241 is provided with a pair of

di spl ayriisegecabod’ tions2USs 1liAebualagst ehe’Gbtdl 6Fal ¢ONDBLt st Btuated
di splay drivers 242 and 243 to a keyboard encoder 5 245 whi ch decodes a
keyboar th28@gho stilsmiaids ni 32 nabdi opeenthedetelyl adrte pdmyboaprodiat dont ified o’
menory 154, Further, the optical display 241 may be utilized to observe-
vari ousthegefrom.nenory such as previously programed tines as well as
various val ues of measured paraneters within the system and the current
operating 10 status of the controller. The conponents within the power
save -

10
Referring ﬁdw to FIG. 6, the:e is. shown a biock diagram of a
system constructed in accord#nce with the invention for the
operation of the well control system shown in FIGS. 3 and 4. In
particular, the system includes a micro-processor 151 driven by a
léclock.driver 152 whiéh is ccnnectedﬁto a line driver 157 by means
of an address bus 156. The micro-processér 151 is also connecte;;
by means of a data and address bus 153 through a line driver 137
t? a memory 154. In addition, the micro-processor 151 is con-
nected to a demultipléxing latch 158, the output of which ié con-
Zonécted to the memofy 154 via the bus 177 as well as to the real
time clock 159‘and.a sysﬁem decoder 200. A.bus sfstem 201 con-
nects the éystem decodef and the.réal time clock to a peripheral

interface adapter 202, héving a plurality of inputs.

‘A low voltage detecting network is connected to the input of
25



circuit 250 which are adapted to reduce the power consunption of the .
th '

controll er during nost of the tine oper of the system That is,

power save circuitry 250 operates to power down all of the non-essenti al
functions which consune power until a signal 15 is received €ither from

the realad i gBefhfEbnal AmAHI UL PGS gnOkn' y 0, e“”y | ndicglrye

t hat t hawSyskettel 6« biHengprdrags apnpa mce..-éh E’Q@an gr&j‘ q’ nbwnﬁn abte
Either  vidltdd@ssighad NERe SEhpat! %ﬁ)oﬁ‘ﬁé Qr ﬁe%‘ tq_ ad, t
rreasu?‘errents and see ifyany action Reeds .t ,I ”, .,,Pg,,.,M 12CARBE
readi | y 2062nwhdle! he (oWt redleigey condidli R8T

mul tiple well production contr ? system of Fl G 3 \éﬁg % %%f%g') is

act uat eccannexttogd othrzdughn @in t bpetatioaaller amphe¥iera. ﬁ@ﬂe t!c:S EBB@&Q@ Vi {‘i‘
keyboard 236 to indicate that the controller is to be used in the multiple

wel | corkndicatienntogthet Penipheralerintier fidld@GA@dgear 236a pressed to

prepare the controller to receive information. A VELL NUMBER key 236b and
t hen nuner alAkQutpet s€rew: at asisgl paes sareOX rindducer 236 cannédted | ffom
key 236d are used to_assign a well nunber -and "on" or 5 "of f" times for
t hat wel er‘“i'ﬁkl%n?pﬁetbf%hi an e?%!%ﬁiqﬁmlea@plufmroﬂoéam&\Ed analog

| ocati oy W, t.hin nenory 154 allotted to provide for the reception of
keyed i W SROvVErLer; n#@?m&'ﬂ othe o pexiphesal; hinter face sadapter)-202.

el s S 4 3R e FeREL o208, B bk bER o ionnegred o
D00 10 e e BLCc RRGAREREY 10 BB Wbt eSS L cpd s

addition, a location wthin the nenory

parti cuhmpl\/ﬂjlét hao9 t apad e A Otsorwl Conveitidr b tAEPIngiE bE RS

sequence they tinmed down and were |
pe:ipheral interface adapter 202. 1In addition, the output “of a

tubing pressure transducei is connected from terminals 210
through the operatxonal ampli.f:.er 211, and the A to D converter
15 to the ‘input of the peripheral interface adapter 202, provide
substantive measurements of the precise values of c;éing; flow
line, and tubing pressures an"y time theée transducers are

energized. The casing préssure, flowing' line pressure, and

C C

tubing pressure transducers connected to terminals 205, 208, 210
20 and 214 may be transducers 145, 134 and 139, respectxvely, of
FIG. 4. An output from the peripheral xnterface adapter 202 is
connected through a switching transistor 212, a field effect
transistor 213 and an ana!og battery reguiitor 216 to supply

voltage to the transducers over termi'nals 214 to powei' the trans-



1 w then ready to be internmitted into the "on" state. Thus, only one of
t el | notor valves 111-116 is act at a time but each tine that one
of ~tThe wells 101-106 "off time has e¥piTed, it will be then placed in a K

sequential queue with the other wells ready to flowin the order in which
their "off tinmes" were over. 20 Mot or val ves 111-116 are sequentially

driven toR" { Q.0 | C ] '

posi 1 cforkEp, a8d, prolube Ao AL P S qad (hd TERILARE RV b8 FHE, ﬁ%éﬁi‘éﬁg
be readj how ORLbRl l&£r BMstew of o et a! § elalat

optim g#_’#\é’%rﬁggﬁc't [ oinlt%%t r@glbasyagt em'yjof FPEE@E‘Q} SiC};\%;i ng,-‘}ﬁ%\i/)vi %g Iqi-etr?e

and tubppy Whith!!#fe 2bBnABREEACEdYa t ANIGULEHaAtMAIG Péqu DeEdPdRED,| Xhe
energi zed by nmeans of power on terminals 214 to produce neasured val ue

i ndi cat b@gputnoffeiwhidhnPower® all0Df atite 2d{g ial hcomponentsdnebessal yi o
operational 5 anplifiers 206, 209, and 211, the analog to digital

converteetdin, membriyheamdr éohtinbei regullare apianitcior?02 Aoskparater @pidios
cessor 151. Wth each neasurenent, - the m croprocessor 151 deter- mnes an
i deal tbatheryr dssuprovidedc dotanpewerihgt theexanplogy componeanta seuchoash
above. In the event that the cal cul ations 10 based upon these neasured
val ues theeqressireriyansfuceragand cis | pperpteds through 20| POWer GaAVer
220 of notor valve 131 (FIG 4) ‘is driven .to the "off" state. If the
sales Fireuitc¥wbich iwé(ldrémaoxtmaﬁﬂmé e¥Rlpipedsbelew.a signal is givelws
by the m croprocessor 151 to qpen the_notor valve 1 by neans _of. 15 A
sol enoi d dr Av@8ecead periphenal HEAFe r adaPRer; Fi%sf‘ aPrOYigsd ndiithesy

FI.G, 4.and the ci W of, FIG, b &ggt as the

I

381 ccPBEBRSn of MBUSh off Sttt ehg bR o8 by df) #F 2 "Bolenoia
decoder 221 connected to actuate one of a plurality of so]:enoid
drivers 221-226 which c:mtrol the plu_rality of motor valve in the
multiple well embodilmen.t of FIG. 3. A low degetal battery
voltage detection network 231 is cdpnected through an operational

15 a;nplifier 232 to thé ihput of the peripheral interface adapter

| 219 while 5 dead battery detéction’ network 233 is connected
éhrough an opex__'ational amplifier 234 to another input of the

peripheral interface adapter 219. A plunger arrival terminal 23.5\":

is connected to a plungef arrival detector (FIG. 4) and providesv .

20 a signal thr_oggh flip-flop 236 to indicate' the arrival of a
plunger at the upper portion of the __tubing_ to the peripheral
'.i.ntl:erface adapter 219. An air pres#ﬁre failure detector is con-
nected to terminal 236 and §rovidés a aignal to the pétipheral

interface adapter 219 in the event of a failure of the compréssed
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gquantify the relationship between one or nore of various wells, 20 _
| gorithns can be witten with which data @ b&-eval uated and a deci si

F’ade as to which of one or nore wells shoul'd’be placed in what state in

order to achi eve optimum production fromthe plurality of wells.” Referring

now to FlI Ggir %D?Q, it | hoyn, 8 schenmati ¢ 2 di agram of the

systemillustrate *h lﬁgé%%dorfsnéi n F'f%(“’n @aa%o%aﬁl%eogﬁﬁﬁFea thecrotor

driver 152vdniees a m croprocessor 151 pre- ferablyy of the CMOS type.

Qut put-from the m croprocessor 151 on the address bus 156 is provided to

the line driven huldwindpaaibisp! exed; data both into and out of the

m croprocessor 151 flows over tﬁefggtqégblﬁ.yfﬁﬁ Eﬂ%ﬂeﬂdr?%rl? sPpPviiddddwith

at 150 to mopaimfof ndisplaiynidyd iak HUb 49f e ry 154 which consists or

a RAM together with a gl urality 2?9 Igbg\/li@graée Ughig¥stem 201 inter-

denul ti pl egbngecitat cthe 188 splay pdpyYrded b ;@glﬂag%%bgs t 10q encoder
. atk@ﬁ’l’ﬁ%‘ s _

denul ti plex the output- from.the m croprocessor

connetted 285t Wb icknl decodes| ackkdpBoxia iy g ﬁségt:l:gmei fto*}%&f?%{)yﬁ%éé‘ded

and the total system decoder 200. Qutputs fromthe s eco

both the n@¥orihesikepbortrd ainto eesd afemdiey pard pher akgy he pulLtiplex
data bus 201 carries data 15 address and coﬁﬂdl I nf or mat Fgﬁegﬁnng]{%ac bcal

| the peri pHet3PLaKi t2dlsBayade hetidaketi ne Cbbekri:59,vézhf‘od‘§yli?eéﬁxg icﬁcg-ﬂ]&ﬁor
I 23\as wel Is‘_gs the first, and second peripheral interface adapters 20 an Y
-219. The anar 0g®8i PERY WH Vst Paraomedctiioresid ¢oE1 MBES Vairi@u0 Vil ues of

. actwal dat@egé}#gg glgnfi ration . of FIG 4 is contained in the anal og
“circuit 320, This ¢ A T%rt hBi8 20 spstemndnBElOthe current operating

10 status of the controller. Thg components . within the power save

;ircuit.ZSO qhich_are-adapted_;o reduce the power consumption of
the ;ohtroller.during most of the time;opera;ion of the system.
That is, the power savelcircuitry 250 operates to power down all
of the non-essential fpnctions.which consume power until a signal
15 is received eitherufrom the real time clock on a periodic basis

or from a ke_yt_:oard' entry indicative that the system is being

Ke’ programmed or queried for information. . Either of these two
U .events sgrve to power up the system to make measurements and see

if any action needs to be téken. | |
20 g 1y seen

. can be fgadily séen how the controller system of FIG. 6
serves to'operate the mul:iple_well prodgction_cont:ol system of
FIG. 3. The pause kgy 236elis_a¢tuated to stop operation of the
contrb;ler. Next, a code is_entered via keyboard 236 to indicate

that the controllgr'is to be used in the multiple well control



eceive signals fromthe casing line and tubing pressure transducers
éﬁ%?bgh t he operational arfplifiers 206, %gg; and 211 which pass through an
analog to digital converter 207 into the peri pheral interface adapter
202. An input fromthe battery on termnals 215 is periodically passed
through a field effect tran- sistor 213 and an anal og battery regul ator 216

t 0 enepgi i 3hna 1l Of e essure transducers to

recei Vgﬁgfggvga}éqg%?%giph@gfé rombRWtk%%egg For%ﬁe‘ﬂﬁ‘fi iPerp'ﬁE‘_‘i%

connecthd lebutrol 16g° td ieldbyecLiebln® 18RSI & WL RUMAER )Y V2367
cte § mazo%ﬂ?e

.condition while a second operational amplifier 204 is conne

a deadandathenbaiumenal doelysi 86 sederto\thée w1 Nehd 2hh OBNt Mg
anal og/ di gi tal converter :207 ~to the peripheral interface adapt e?‘%?ﬁc

Di gi t aPThAFFMMEo keiyt i236d areameddtdyaseiynr § @@1landmbel’ And G or
grrpl ifler 232 while dead digital. battery condition is detected by network
33 andobber simesaformthat welhy iThe emtipercpotealisi repeared FdaDledch

219. 15 Sol engid driver circuits 350 are connected to the peripheral

i nt er f &iBe @B @ACh (welhi ch Adrkagat ion cwibhinomemoiryt Y54 tisi hldotted Al

and a sol eggi?dgggc% er 221 to power a plurality of notor val ve sol enoid
=228,

dri verRES% £ Zeceptdon, of keyed cinj pambesnandat imesdnfiormiatdomn

i ndi ' tq.th i ph | interf t 219 whi l | ’
orr | vtk shb BeP I (abRos, Ualxay “4EL-118" 10 cEbeolonr wabhe  AS1-106
flip-f t ' aal g1 f 9.. | ticular, the .
15 dopdanin i BaibRBtEe ok NVGELSomu e 2%, Loygartictlar, e
100nf i opimbépn dﬂﬂ’&hdﬁ&:ﬂ Cand’, 2Pflefeafter, an "on" time and an "off®

time is keyed into the memory to be associated'with each well.

‘In addition, a location within the memory 15.4 is allotted for
sto:age of which particﬁlar wells h'ave timed down to complete
their ®*off times® and in' what sequence they timed down and were
15 then ready to be intermitted into the "on" state. Thus, only one
of the well motor valves 111-116 is actuated . at a_t_:lime but each
time that one of the wells 101-106 "off time" has éxpired, it
will be then placed in a sequential queluwith the other wells \-J
| ready to flow in the order in which their "off times" were over. ~ :
20 Motor valves 111-116 are sequentially driven to the "on" state to
open a well in' accordance with the well"s .position in thé qu%u‘ as
determined by the micro-processor 151.

It can also be readily seen how the controller system of FIG.

6 serves to operate the optimizing production control system of



25 I n anot her aspect, the concepts of the present invention can be us.
to monitor well paraneters and only allow production flowin the event the :

quality and quantity of output justifi e§ we guantity of injection gas
required to produce that flow. For 5 exanple, in an offshdre field
where a conpressor of a given capa- city is being used to sequentially
supply inject gas to a plura- lity of gas injection conpletions, such as
those.-shown in FIG 1, it is desirable to utilize the conpressor capacity
in the?&aat4¥T!ehemhdﬁwwmawinahqanéfuhéw@@Q;ﬁgngm@ssﬁ:éimapéeﬁ@asured
I nven- 10 tion includes a controller for linking a plurality of wells
and nNegps trahsduddry ivigi dhearel paeiol icaj1a6t idie S &dIPPY i REah8 Bf er
t he vol une of production gas obtained, the volunme and pro- duction fluid
obt ai ned arekrmireaber Akt ae ok odiudenahesasarsuna lofe pindichitdaond ubnl aed -
det erm ni ng over a sanple period whether or 15 not the production flow
obt ai n@dnplst i205ed 208, rraht 219 which| ece gas awhtadvarygh otbét aparataonal
flow If not, the well is shut in and the inject gas capacity utilized to
pr odgcempldiffilemisen206el | 209 whand a2§leatthe panddeg oho efdiigditarlcy cpgverter
present. The_shut-in well is re-activated periodically and sanpl ed again
to re- 283, andyghgatrenirheral orint@®rface padapteiron?®? f tei g mMasropro-
increased to a hoint which would justify resunption of production, _This
appr0aERSEPE i thF%t?#?&a??Bﬁ“SPméﬁéhlé&Qaﬂﬁ?ﬁﬁﬁf?ﬁﬁs?@§ogﬁce§%ﬁ§"
00L& DT Resman T €6enD LA PLRGESLY " {n CadeorfandPWld A LRE SHRRBITRY ©

algorithm set forth above. 1In. the event that the calculations
10 pbased upon these measured values exceeds the measured tuéing

sales line pressure, the'solgnoid driver 220 of motor valve 131

(FIG. 4) is driven to the "off"™ state. 1f the sales line

pressure is greater than the ideal pressure, a signal is given by

.the microprocessor 151 ﬁo open the motor valve 131 by means of
15 solenoid driver 220.

It can be seen how from the illustration on optimizing well

completion of FIG. 4 and the circuitry of FIG. 5, that as the

cc

sophistication of reservoir engineer;ng increases to be able to
quantify the relationship between one or more of various wells,
20 _algorithms can be written with which data can be evaluated and a
decision made ;s to which of one or more wells should be placed
in what state in order to achieve optimum production from the

plurality of wells.

Referring now to FIGS. 8A~8D, there is shown a schematic
25



Zgéyescribed,.it i s obvious that changes and nodifications nmay be made

ei i in W he inventi on.
¢ein and still remain with the scope of t

It is the intent that the appended cl ai ns ver all such changes and

nodi fications. 5 10 15 20 -41- CLAIMS1l./ A systemfor corntrolling the

[ [ ing i si first nmotor
cyclic operation of a petrol eum producing well conprising a _
vglve cognected between a supply of pressurized gas and the wel | caS|ng|and
a second notor val ve connected between 5 the tubing of the well and a flow

. . "
I | i @fagbemeGlf e #YOHER @d% s-for storing i
:gl gsrrelrrgr;gm gnglt s\?{ndl cgt | vemlg tl rtszh{ v%éagig;’f:%‘g‘égggfégggngs whi 38
,0 c
%ffsug}dﬁu?gz sb%gt sedg2"';11(1(5]‘1\:/§1r|a§1b?’g9 '?lsmaedperl od duf %5"\%0&?%%1@1 tBr8a

al | oned femablheofeltheafdMos thﬁﬁyél Ui daedu’ cﬂhtqﬁ,[ egh 9{-‘%@?"’%@‘@?&%&% on
we

time period during which the | is to be I n
third tithe ' pedross bdusy 466 depengestig@advetd 1{}:e pq_r ?.Lgat g%ﬁvé;ea?lggt and

responsi ve to the beginning of a cycle for opening
and <Se@htiplexed \ddtees both into and out of the microprocessor 151
flows over the data bus 153. A line driver is provided at 150 to
move Jnformatlon into and out of the memory 154 whlch consists aTJ
a RAM together with a pluralxty of EPOM storage units. ‘ﬁd
demultiplexing latch 158 is provided on the data bus to
10 demultiplex the output from the microprocessor 151. The latch
158 is connected to tﬂ; real time clock 159 via bus 177 as well
as the memory 154 and the total system decoder 200. Outputs from
the system decoder 200 go both?the memory 154 as well as to each
of the peripherals. The multiplex data bus 201 carries data
15 address and control information among each of the peripheral
units such as the real time clock 159, the keyboard incoder ZBMJ
as well as the first and second peripheral interface adapters 20\_)
and 219. .
The analog circuit for use in connection with the measuring
20 of actual data in the configuration of FIG. 4 is contained in the.
énalog circuit’ 320. This cOmptiseé terminals 205, 208, and 210
to receive signals from the casing line and tubing pressure

transducers through the operational amplifiers 206, 209, and 211

which pass through an analog to digital converter 207 into the
25 | |



si mul t aneously and beginning said first time period; nmeans responsive to g

tHe expiration of said first 20 time period for ‘closing said first @

nmotor valve and beginning said second tinme period;, neans responsive to

expiration of said second tinme period for égﬁl ng sai d second notor valve

and beginning said third tine period; and means responsive to

expiration of said third tine period for re-opening said first and second

not or . val ves simul taneously and beginning said first tinme period. 2. A

systeﬂﬁrfor con.t‘r olling the cyclic operation of a petroleum produci ng wel |

as set fdPehipheChii mnkerfues nad@predi QOBANS ARON nFY

keyboard connected to said nenory gnd an optlcgp 1|splay£]€%r se#<ﬁeﬁﬁﬁﬁy on
#¥Qgé)t an-

pr ogr amri YRFBERAL AeRdby iwi ipersaidi dd ey ness 964 VehH8Sgh3a fr%_h%!y%t
controlling the: c clic operation of a 35 petroleunlprodu0|ng wel'l" as” se

forth i n 3Shem | 248 2W¢mﬂtlﬁﬂﬁﬂeymﬁatterg pégugamdﬂlegxmwlghbggfygiter-
I ncl udes:: m%f pl unger nmounted for reciprocating novenent in

t ubi ng oﬂﬁqﬂ} f. aﬂ@aﬁ?"?ére@ﬁﬁﬂQﬁ;Qﬂﬁﬂpnéﬁsuiungeanaabbées thﬂE%elve a
upper nost, 03|t|on in the vveII tubing; and 5 means responsive to
detection I{ﬁﬁ%’r"%rw?é? BPMsai d pl unger sensing neans for closing said

first nDtor I sai d first tlne eriod has. not expired.
k3 ¥f LL operational Exfler 203 is connected to a voltage
./

1

\J’
_second operatxonal ampllfler 204 is connected to measure a dead

d1v1dxng network to measure low analog battery condltlon while a

analog battery condition and prov1de an lndlcatxon through the
10 analog/digital converter 207 to the peripheral xnterface adapter
202. : chbui battery condltlon is measured by network 231 and
dlfferentlal ampleler 232 whlle dead dlgztal battery condition
is detected by network 233 and operational ampllerr 234 into the
peripheral interface qadapterzlg, .
15 Solenoid driver cirouits, 350.are connected'to the peripheral

interface adapter 219 which drives through a one-shot multivibra-

CC

tor 251 and a solenoid decoder 221 to power.a plurality of motor
valve solenoid drivers 221-226. An air oreesure failure signal
- on lead 236a provides an lndxcatxon to the perlpheral interface
20 adapter 219 whxle a plunger arr1va1 51gnal on termxnal 235 provi-
des an.zndlcatxon through the flxp-flop 236 to the peripheral
interface adapter 219.. In partioular; the'oirouitry operates to

pProvide systematic operation of the well configuration shown in

FIGS. 3 and 4.
25
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4. system for controlling the c ﬁSLl i ~
( a ycldc [operation of a petrol eum [
+-—as set forth in CQaim1l, 2 or 3 10 whi ch al so incloudes rrgangr?glrjm "

measuring the tubing pressure of said well; neans [
_ _ , _ responsi
ggggzg tPLgsigre pgf!ng ?reater than a pre-sel ected vaPue dxfrnéosa}ge
iod for extending the length thereof f I on
flow fromthe well; and means [esponsive t | e peet ! O
; 0] e '
}Qﬁgtﬁ FL:?ZSP%;??ﬁ&;?QTi?uthg E&P& ﬁwférﬁkgp #?gﬁﬂgo?ﬁgﬁﬁéﬁgPﬂgakﬁzs
cont r bel pagd: ke &ﬂﬂ%ﬁéi) Vfaéféﬁé%Fggf%%-28%?%r8&§8§%§kearﬁeﬁ°“ flow
in Cdaim2 or Claim3 or el a ' ot v ea B enortend |
: do#Dt
P;elsaoﬁgprﬂﬁﬁ oPVEPEs s%?? zgéagag:ygn ﬁh%ﬂtn%dgg? thEvStp‘uSt1 vgtisﬁégagﬂertated
val 5eqf‘;9\|‘{‘%d'ltt?¥sf%§ %H%%r%r%{%r'pfl \%? and d?)?g\?' 3?&6@“' popiabitons eo
_ _ _ . iding a visual alarm i
53?'2 g%pﬁpgi'[, c§1'nsIﬁ]el:?‘yofiﬁsm_n:é\ gy&1amvher ecancomipress qrh@k)tlgid’%béﬁﬂlqn'on
o a _ et’r ol'eum produci ng m¢r|||n any precedi ng claimwherein each of
a1 O TV {£1n0peg aeantctiemiicntay wabply JRdRGRedtEn I A RY MRS,
S; : a pair of I ' :
to 0pqaLf GIBGhdiRjection completions, such 2 pairof sol enoj ds, ponngct ed

it is desirable to utiliie the cqmpresso; capacity in the most ;;
_efficient manner. Thus, the broad.concgpt of the present 1nven-§‘)
‘10 tion includes a controller fof linking a piurality of wells ahd
means for mpnitorihg the volume of injectioﬁ gas supplied Eo a
ﬁéll, the volume of production gas obtained, the volume'and‘bro-
_ duction_flu#d 6btained and.the_percentAQe §£ oil/ﬁater mixture of
production fluid ;nd determining over a sample period whether or
15 not the production flow obtained justified thé guantity of inject
gas necessary to obtain that flow. If not, the well is shut in
and the ;nject gas capacity utilized to produce a different well .
where a greater production efficiency is present. The shut-in
well is re-activated periddically and sampled again to re-\"_
20 evaluate whether or not its production efficiency has increased
to a point whi‘ch _would justify resumption of production. Thi#
approach optimizes the utilizatioh of available production
resources to obtain maximum return from a production field.

While particular embodiments of the invention have been
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-43- val ve; a sol enoid decoder connectégd petween said peripheral interfag
adaptor and said sol enoids; and data b ans irnter‘connecting the
processor with said nenory and said peripheral interface adaptor to
permt data flow therebetween and enabl e the processor to contrdl the
sol enoi ds based upon time period information stored in the nenory. 7. A
syst em fdescxibed) | i8g ideobvebus t | epym producin
wel |l as set forth in any precedingqgﬁg?n$ﬁgggé?nq¥%g %€§£é§$fglﬁgftéyvy ge
pover edmade wbheheihs andiCbtiEs: riefidlin SAVeh J8hkNG L Ui LTy 10 pover, down
all analog circuits and all digital functions other an’'timng and 9f the
merory d@vVestdene péﬁemsthealntEHE'MHIHCtﬁiﬂhﬁ$5W§e&eEEQ@ﬁ?V%JJ%: 11
regul ar. periodic signals fromthe real tinme clock or a si.gnal rom sai d-
keyboar&%Fa shanges and medificatiogaiing circuitry and supply full 20
opgrating power to the system 8. A systemfor controlling the cyclic
operation of a gas producing well conprising a first notor val ve connected
‘between the tubing and a fluid reservoir and a second notor val ve connected
bet ween the tubing and a gas 25 sales line; selectively progranmabl e
menory neans; neans for storing in said nenory signals indicative of a
first tinme period during which fluids are to be cleared fromthe well, a
second time period within which 30 gas flowis to be allowed fromthe well
afvet the fluids | |

_
10

15

20



a@é@éleared fromthe well and a third tine period within which the well is
tio=be shut-in the first, second and third time periods being set
dependent on well paraneters; neans responsive to the beginning of a
cycle for opening said first nmtor valve and beginning the first tine

peri od; - 44 - neans responsive to the ixplratlon of said first tinme
period for sinultaneously opening said seé nd notor valve and closing said
first notor v&LAAMSand begi nning the second tine perlod 5 means-

responsi ve tojthe %Xpédiﬁéxﬁmfgfr Wik Aoy (iR B5hgd fﬁ%z@ﬂs&m%aﬂ

second not or val ve _and begi nning the er|o
responsi ve topﬁﬁéqéﬁ&W%ﬂFQﬁPQﬁn%aF&lﬂmQQFRq#ﬁ#m%rPoé#ﬂﬁtrﬂﬁﬁﬂﬂnﬁﬁbv%ald

first notor vebwheant@dlObethe@hnNi NgubPeyl idBt predBupkiedd. gfs ana sygéem

for controllin he cyclic operation of, a Iunge I|ft conpl et )
produci ng wel V%&g s‘é’?‘g*'é%t % & &F ﬁ1°§dV\,H'|‘P L1 EBYRicoomRee g"ee“
r esponsi veS t o thiee tasbingalofofthe pleldgemdata tfilew 5saleppeim®st p05| tion in

the tubing prior tqg.hhe ¢gX 1La?ﬂ€%g§hﬁ§yﬂ¥fdéﬁg §| Ig_grlod for

si mul t aneousl y openi ng sa notor valve and closihg said first notor
val ve and beglnnlngeﬁﬁé:ﬁaﬁmﬁﬁkaﬁgpéﬁlé&ldl@emﬁﬁﬂmﬁkﬁnﬁkﬁ nthientiveg

t he cyc:clc ﬁpe&-atal Ot avaPiabPé UBERE Ipefrti o0 EU Sl @ NeHiash PE el POz 48! |
as set ort

g-s is to be injected into the well casing to clear the ;J
10 well of fluids, a second variable time period during
which flow is to be allowed. from the well after the v
fluids are cleared, and a third variable time period
during which the well is to be shut in the first, secénd
and third time °"periods being set dependent on well
15 parameters;
means responsive to the beginning of a cycle for
opening both - the first and second motor valves
simultaneously and beginning said first time period;
means responsive to the expiration of said first
20 time period for closing said first motor valve and

beginning said second time period;

C

means responsive to expiration of said second time
period for closing said second motor valve and beginning
said third time period; and

25 means responsive to expiration of said third time
period for re-opening said first and second motor valves
simultaneously and beginning said first time period.

2. A system for controlling the cyclic operation of a
petroleum producing well as set forth in Claim 1 wherein

30 said means for storing includes:

a keyboard connected to said memory and an optical
display for selectively programming said memory with said
time period values.

3. A system for controlling the cyclic operation of a

35 petroleum producing well as set forth in Claim 1 or 2
wherein the well is a plunger 1lift completion and

| RER) ) 0

includes:

<



&+

in,daim8 or 9 wherein said nmeans for -storing includes: a keyboard _
connected to said nenory and an optical display-*for ‘selectively progranm
said nenory with said tinme period val ues. 25 11. A syst¢n1f0( _
controlling the cyclic operation of & pl2uager lift conpletion gas producing
well as set forth in CGaim8, 9 or 10 which also includes: nmeans for
nmeasuring the tubing pressure of said well; 30 nmeans responsive
the tubing pressur® phenggrgmenntedt faw areeris ettt gl MoveRe AU LAY thal d
seconc-'ti ne peri s AProextgadidp; t he Iength thereof for production flow
fromthe well; ) : | ' .
than a pre-sel ect ed %A% dOFi RENEHing  When tthee pbuneer arrides &or its
extending the ( :
for contro@ ing the cyclic qgﬁgatjon ofns_plunger Tt conpletion gas
produci ng wel | _ et _

on Claim 10 wedcki pleagér okesaiidgniedns/ afyes cllo ARG Al bY i As 6 URBLY rOf

p cosur 220, GV £ L 09E L g SSBONEL Bt CoblCaBhERRYT S O 571

supply gas being

val ves

and p

and neans responsive to the tubing pressure being | ess 35

dpyﬁﬁdbsﬁfpﬁgxﬁi@ﬁmhﬁe@péngelihguﬂghbfsgua-in. 12. A syst

as sdt37 tFPIPONTHVY EP §céioq ffmphung@enargipahdont

oW a Ere-se ecte tor 10

ovi difngsyateni §aal comltmahling the dcyopticcalpatspiay . of3a

system for contgedddittnt Nor&difid 1169 OPELI L LAN 8% Forth in claim 1, 2 or 3

{

10

20

which also includes

means for measuring the tubing pressure of said
well; .

means responsive to the tubing  pressure being
greater than a pre-selected value during said second time
period for extending the -length thereof for production
flow from the well; and

means responsive to the tubing pressure being less
than a pre-selected value during said third time period
for extending the 1length  thereof and keep the well
shut-in.

5. A system for controlling the cyclic operation of a

‘petroleum producing well as set forth in Claim 2 or Claim

30

35

3 or 4 wherein each of said motor valves are operated by

a supply of pressurized gas and which includes:

means responsive to the pressure of said supply gas
being below a pre-selected value . for closing all motor
valves and providing.a visual alarm in said optical
display.. _
6. A system for controlling the cyclic operation of a
petroleum producing well in any preceding claim wherein
each of said means for opening and closing motor valves
includas:

. processor means; _ _
peripheral interface adéptor means;
a pair of solenoids connected to operate each motor

AT
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p@??% lift conpletlon gas.producing well as set forth in any of Clains 8
wherein each of said neans for 15 openi ng and cl osing notor val ves
i ncl udes: processor neans; péripheral interface adaptor neans; a pair of

sol enoi ds connected to operate each notor valve; 20 a solenoid
decoder connected between said peripheral interface adaptor ‘and said

sol enoi ds; and data bus neans interconnecting the processor with said
menory and sai d peri pheral interface adaptg to permt data flow

t her ebet ween ! enable-the processor to 25 control the sol enoid baséd
upon tine per| Shformation stored in the menory. 14. A systemfor
controlling the cyxlsclepeidtdenocdéracphurgeted bettweenplsatiidopegtiphEraduci ng

wel | as set fiqr {¥fééé:|r§$tglaaﬂa 8ak8 ;glgggﬁgln gg% systemis battery 30

power ed and dh udes: power save ga |ng clrcuitry to power down
anal og circuits arfiata| byisgi peansuriditiensenndrtindiathel nprocessomemirth t o

conserve §0W%ra1cfi rn%ﬂozt}* Marid 0@k g35 erlpherﬁan§n£§§PQE§' %l%]?t&egl{oar

period signals from Ime clock or a sig rom sai d

keyboard for RfiTGt 4&]%afh°%oﬁk?r§99E"§SPlﬁ@chPBHQFr§h§n@r SATd ul |
operating powdntirol hthéysb@anolds bagwi hesbr Ot isenipeelilidng nifleematdlonc
operation of s‘%ored in the memory. -
7. A system for controlling the cyclic operation of: a o/
10 petroleum producing well as set forth in any preceding u
claim wherein the system is battery powere'd' and which
also includes: |
' power sa?e gating circuitry to power down all analog
circuits and all aig_ital functions other than timing and
15 memory to conserve power;
a real time clock; and
means responsive to regular periodic signals from
the real time clock or a signal from said keyboard to
disable said power save gating circuitry and supply full
20 operating power to the system.
8. A system for controlling the cyclic operation of a
gas producing well comprising a first motor valve

connected between the tubing and a fluid reservoir and a

CC

second motor valve connected between the tubing and a gas
25 sales line;
selectively programmable memory means;
means for storing in said memory signals indicative
of a first time period during which fluids are to be
cleared from the well, a second time period within which
30 gas flow is to be allowed from the well after the fluids
are cleared from. the well and a third time period within
which the wéll is to be shut-in the first, second and
third time periods being set dependent on well
~ parameters; )
35 means responsive to the beginning of a cycle for

opening said first motor valve and beginning the first

AR

time period;
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5 petrol eum producing well having a first notor valve connected
be{meen a supply of pressurized gas and the wel |

val ve connect ed between the tubing of the well ‘and a fiow sal es line
conpri si ng:
i ndi cative
Is to be injected into the well casing to clear the well of fluids, a

second tine period duhmmg M@g@bnéieéllﬁatqhge g&bpygg ég fépM/fr%nkkaﬁ

storing in.a selectively progr bl e menory signal " 10
of ag first tinme perlodiqnaurlng whi ch pressurlzed gas

urin

fter~he flui re th|r time perio
aell is to be g%ﬁt% pe“ %me.hd ran%’cfﬁ 1 2ReRnEhY BB?HlflEe S‘aikdsts%emhq;emohdr
not or val ves. aﬁdlwe@anﬂngleaxdafm&ﬂdtfﬂfsﬂeme@ﬁrwégsgogyatgbgpgn ng

begi nni ng of aggXcC 0 | flrst not or val ve and begi nni ng sar a2
segond t?ne pefﬁgdE?ﬁoﬁgs%oﬁge%%gqohé expiration of said first tine perlod

cl osing sa?d second™RBREr KRSRANSKE b&gi Miengexgaiidatiiond of | Baidpesé@shgi N .

response

to

re- openi ng

begi nni ng sai

time period.

petrol eum prodygi ng
step incl udes:

val ues.

petLOIeun1prodUC|ng we

20

25
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35
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Secon val ves SiInmu

Sﬁ??nglPﬁnégﬁerbadlﬁ1ﬂ€s§6ﬁ§@dboa94nratlon of sald third

16. A methsd fespaosivel ltongrhbe &ysi b4t APET dld 08,95 &

casing and a second- not o

®

set forth in ClaimI5 wherein 30 sai d s%orlng

s
conné)\gijl o foﬁey%%a‘?%ﬁmtrbq §é‘1161 FeRBEy Moty valaas opnd cal
di'spl ay k9 seb%@tnven@rbgeaﬁwrag ofimeapdriednry with said tine period
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as set fort
lunger 1lift complestion gas producing well as set forth

in Claim 8 which also includes: -

means responsive to.the arrival of a plunger at the
uppermost position"in the tubing prior to the expiration
of said first time period for simultaneously opening said
second motor valve and closing said first motor valve and
veginning the second time period _
10. A system for controlling the cyclic operation of a
plunger - 1ift completion gas produc1ng well as set forth
in Claim 8 or 9 wherein said means for storing includes:

_ a keyboard connected to sa1d memory and an optical
display for selectively programming said memory with said
time period values. '
l11. A system for controlling the cyclic operation of a
plunger 1lift completion gas producing well ‘as set forth
in Claim 8, 9 or 10 which also includes:
means for measuring the tubing pressure of said
well; | '

means responsive to the tubing pressure being
greater than a pre-selected value during said second time
period for extending the length thereof for production
flow from the well; and

means responsive to the tubing pressure beiﬁg less
than a pre-selected value during said third time period

R D L



47 -.wherei
cIudes ,
ubrng of th
uppernnst po
I n response
expired. 10

petrol eum pr déuci egtunlilings tiai fenyfthl nthétabm Hhna 1Re8pihd V\‘Eﬁ&hw@hiﬁg

i ncl udes: -
| engt h of sa
responseto t
during said
peri od and Kk
pressure pei
period. 19.
produci ng we
dependent on

in the well is a plunger lift conpletion and the-. nethod

- reciprocating a plunger mounted for novenent in the

e well; 5 sensi ng when the plunger arrives at its

sition in the well tubing; and closing said first ‘motor valve
t o sensing plunger arrival*3f said first time--peirod has not

18. A nethod for controlling the- cyclic operation of a

uri ng the tubing pressure of said well; -- éxtending t

i'd second tinme period for 15 producti on flom1fron1the wel |

A& .t ulli ey greesioe ooy odrldater thdéarye ljpce-ad et iash vaf ug

in
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eeping the response
A§ | Ggalwhaw a Q¥ eCdaimecidd whene drpendpmsti drt hiola it mm

wﬁe@%&&D@aEW'dFNHéfH|M6EbﬁthIW@%'PSOQEéﬁékga ?é ahgﬁbbg§eum

[ 1 set forth in Cam d ai ns

EIfaPI’ﬁ f‘éu@a’t&ﬁdoigaéal‘ﬂ“c@?“c%ﬁﬂ%‘f val ves are operated by a

supply of pressurimeas sgae sprrhsihichtd nehedpsesehesi g addid0s@ppy@l ygs and

provi di ng vi
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Egghfﬂégfgw a pre-selected value for closing all motor
valves and providing a visual alarm in said optical
display.

13. A system for controlling the cyclic operation of a -

plunger 1lift completion gas. producing well as set forth
in any of Claims 8 to 12 wherein each of said means for
opening and closing motor valves includes:

processor means;

peripheral interface adaptor means;

a pair of solenoids connected to operate each motor
valve;

a solenoid decoder connected between said peripheral
interface adaptor and said solenoids; and

data bus Imeans interconnecting the {rocessor with
said memory and said peripheral interface adaptor to
permit data flow therebetween and enable the processor to
control the solenoid based upon time period information
stored in the memory.
14. A system for controlling the cyclic operation of a
plunger 1lift completion gas producing well as set forth
in any of Claims 8 to 13 wherein the system is battery
powered and which also includes:

power save gating circuitry to power down analog
circuits and all digital functions other than timing and
memory to conserve power;

a real time clock;

means responsive to regular period signals from the

e
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in:said optical display in response to the pressure of said supply gas . (éi?)
bei ng be-low a pre-selected value. -- 30 20. ‘A system for

control ling--the cyclic operation-of a petrol eum producing meII.aSsset .
forth-in any of Claims 15 to 19 whereLnggach of--said steps of dpening and
cl osing notor val ves includes: . -- providing a processor neans; -- 35
providing a peripheral interface adaptor neans; - 48.- providing a pair
of sol enoi ds cBffdct BiMeo kgt ©caeh sbogoalvaFvem psavddibeybosed enes €

e i ' &l qd face_.afl or d said .
Sor oo ds: and & apELNgeRaEY ?c?ﬁﬁgcﬁ?g:@t%%’a%f%cgggs?‘q%’g h 20 SRR g
sai d peri pher af "Fht 8PEERELB8aBPYR Wito (et BViSteMeans causing data fl ow

. merthodh ef 6868611 0ngC e nQLds ¢ hpsed
t her ebet ween ah@l. enabimetho qy o¢ 611 9ng Qm@wﬁycﬁ%b og%?gﬁggheﬁﬁo Cor

control 111y {reecoet bt BEPRGERG: Gl el prba i v neatas selveor
in any of O ai #@nAeCted2Patiwassi nabatugsly poyﬁerpréazfﬁgggg @%ﬁ‘ ﬁéméf :‘fg‘uﬁ try
o power down SELT. S iata e cry soer HbER P RAVE, SBHRet Fetic htanaen nan
timng and nenth§ F%bEB%S%Fvgh%OVE}} prévadEdgwasadals tlime compeising:
di sabling said powestsaifg 9ahi BY &l It fivel PG SYPRINA BTe f Heho2Be Al 1Y
po&r toité‘le S?’r?&ﬁ%tl:{]véesg%nsea first time period ' during which
pressurized gas is to be injected into the well casing to
— clear the well of fluids, a second time period during
which flow is to be allowed to flow from the well after
the fluids are cleared, and a third time period during
15 which the well is to be ‘shut in;
simultaneously opening both the first and second
motor valves and beginning said first time period 1in
response to the beginning of a cycle;
closing said first motor valve and beginning said
20 second time period in response to the expiration of said
first time period;

closing said second motor valve and beginning said

&s/ third time period in response to expiration of said
U second time period; and '
25 o re-opening said first and second -motor valves

simultaneously and beginning said first time period in

response to expiration of said third time period.

16. A method for controlling the cyclic operation of a

petroleum producing well as set forth in Claim 15 wherein
30 said storing step includes:

connecting a keyboard to said memory and to an

optical display for selective programming of said memory

with said time period values.

17. A method for controlling the cyclic operation of a
35 petroleum producing well as set forth in Claim 15 or 16
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to regular periodic signals fromthe real tinme clock or a signa

2;§;£id'keyboard. 22. A nmethod for controlling the cyclic operation of a
P l.ift conpletion gas producing well having a first notor valve

Iunger

connected between the tubing and a flujd 25 reservoir and a second
val ve connected between the tubing and a gas sales |ine, conprising:
storing in a selectively programmabl e nmenory_signal indicative of a f
time periodWBereAg viiehvelli ds afe RlGINZe | dAFEd 9P ¢ hioneRnd atkecond
time peri oOmechBENiadB1udelizch gas flowis to be allowed fromthe wel | ®after
the fluids are cleared fromthe ﬁg! and a third tinme period within which

the well -is to bESSABECFAS180eM

%ﬂﬂ%FfT?%?t t SPTVACVERERT bieyi e

first tine pabiog bfi theperdd;to the beglnnlng of a 35 cycle -

si mul t apeously o 50945 econd valve and closi.ng said first
val ve and beglnnggg ?ﬁg 3@%3ﬁdgﬁg pé} S PRIAEES0R 6 th%P%ﬁ¥T9§T
t he pIungerPaslthenuppethesweéés¢mb0m9.nauﬁb tubing; 5 ~closin

second notor val be in e rd ti ri
expiration of seggﬁgggl neg%g?| 0 lrtg% ?T%Itoqem‘}r%q%gl dﬁgl r%éﬁ‘for va+

begi nni ng tﬁ%“FFPgtoﬁpﬁﬂeﬁePFGGV?ﬁ ﬁésﬁ@ﬁ§eﬁﬁ¥

from

not or
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third tine ggpiedd.23. A nethod for controlling the cyclic operation of a
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18. A method for controlling the cyclic operation of a
petroleum producing well as set forth ih-CIaim 15, 16 or
17 which also includes:

measuring the tubing pressure of said well; -

extending the length of said second time period for
production flow from the well in response to the tubing
pressure being greater than—a pre-selected value during
said second time period; and

extending the length of said third time period and
keeping the well shut-in--and in response to the tubing
pressure being less than a pre-selected value during said
third time period. '
19, A method for controlling the cyclic operation of a
petroleum producing well as -set forth in Claim 16 or

Claims 17 or 18 when dependent on Claim 16 each of said --

motor valves are operated by a supply of pressurized gas
and which includes: o

closing all motor valves and providing visual alarm
in said optical display in responée to the pressure of
said supply gas being below a pte—selected value.
20. A system for controlling -the cyclic operétion'of a

O

petroleum-ptoducing well as set forth in any of Claims 15~

to 19 wherein each of --said steps of opening and closing
motor valves includes:

providing a processor means; -

providing a periphera. interface adaptor means:
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._I (



al so i ncl udes: sinmultaneously opening said second notor val ve and 15.
closing said first notor val ve and begi nning the second tine period:in
response to the expiration of said first 4gie period prior to the arrival
of the plunger at the uppernost position in the tubing. 24. A nethod for
controlling the cyclic operation of a 20 plunger lift conpletion gas
produ0|ng wel | . as PsoVidgimng ian ShirmoZ2 $mléﬁbmmerebnnsemédsuﬁflageggeg

i ncl uttes: sel @@V Gloto %rfygﬂ ng said menory with said tinme period val ues
by connecting a keyboard to sdid rrermré and an optical display. 25 25. A
net hod for contr ol PERYidd@dc\x| selepet tﬂ@ﬁodﬁraqmnmqgnEd|ﬁetwmmmlea16n
gas produci ngpeéelibhagaieti nfteirtfaden aq@gag%ngss@fdng & al s nd nNcl udes:
nmeasuringst he tubi n% gressure of said well; extendin engt of the
second tine peri od ‘PEETEENNEGEIRGt RS PEORESSOR 'kt FPlﬂn messyahsand o

the tubing preasdr epé)eipﬂgega:egtxertetﬂﬁtiea ﬁaﬁp&?rteﬁﬁetﬂhvdiddt? dBﬁ‘anné%hQ d
dt a X | en 0 e thir i me period an
secon i me pééhggng Bgtg tfeig Srlgl %[ et%IPO W ng gthe FRSPRES

keep the well rnorn respon :
than a pre-seF€ct &Pnirale déheng sdiehaidsd based50 updm ne tpeei odpe2fod A
met hod for COmht@khh@@lohh%t@fQB' 4 nORHeAlled Rf, @ plunger [ift conpletion

S ‘prodygin I'l as set fort
ga p f& 9 Ye A method for controlling the cyclic operation of a

p]pnger lift conpletion gas producing well as set forth in Caim22 whigch @

, petroleum producing well as set forth in any of Claims 15
— to 20 wherein battery power is used to perform the steps
and which method also includes:
providing power save gating circuitry to power down
15 all analog circuits” and all digital functions other than
timing and memory to conserve power;
providing a real time clock; and
disabling said power save gating circuitry and
supplying full operating power to the system in response
20 to regular periodic signals from the real time clock or a
signal from said keyboard.

22. A method for controlling the cyclic operatidn of a
= '_ plunger lift completibn gas producing well having a first
\V) . motor valve connected between the tubing and a fluid
25 reservoir and a second motor valve connected between the
' ‘tubing and a gas sales line, comprising: _ -

storing'in a selectively programmable memory signal
indicative of a first time period during which fluids are
to be cleared from the well, a second time period within
30 which gas flow is to be allowed from the well after the
fluids are cleared from the well and a third time period
within which the well is to be shut-in;
opening said first motor valve. and beginning the
first time period in response to thé beginning of a
35 cycle;- |
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A, Cl aim 24 or Caim25 when dependent on CCaim24 5 wherein each of
@gﬁ’. nmot o valves are operated by a supply of pressurized gas which
I'ncludes: e¢losing all notor valves and providing a visual alarmin
said optical display in response to the pressure of said supply gas being
bel ow a pre-selected value. 10 27. 4%Aethod for controlling the cyclic
operation of a pIunger Iift conpletlon gas producing well as set forth in

any of Claims 22t rfaSBeBE.néaié?n% eQécQL?LOﬂ\%Q'or}g \?apfjvé:l ggdﬁg

not or val ves inclu es rOVI a processor

peri pheral i ftlasine %@Hbt §#rﬁ'§aﬁ§>t°p‘5r ova byeigaadpdiegigin i etm dsecgndect ed
to operate eaGhndyeriod! ¥e; r@éeahgéngoatﬁel %wldlaqeweihéogﬂeﬁésé Qet ween
an

sai d peripheral interface ad%Ptor and sai d sol enoids; a
i nt er connect i Hf t4RP RASLEIP s dthRnbrIa%d sai d perlphera
i nterfacé adapt or dl)osiaiga buSdma:&)rﬁhdmcaum Rea I0Ad aaﬁBOVbédlefrﬁbﬁi weae to

i or mat i on’ SHGRE YIS HETRAE A RIOSHE" €6 RASTRAERERcLoRT PRl PRRG e

cycl|c_operamnme(ﬁeniqd1MQﬁﬁ I|ft conpletlon gas producing well as set
forth in any of Gl Vﬁ% fé@ hB% PatLge YR bdFi et Ene
performthe steps an SO I nc udes provi di ng” power “save
gating C|rCU|ﬂ@FQ($kﬂﬁw@eﬁbQ% 39 reHEPAnRe %9réb?t§x9$ﬁ?tkﬂq ofli grddl

functi one (ndyyrdtﬂyﬁétpépﬂgiand menory to conserve power; providing a ot/

Al TR
plunger lift completion gas producing well as set forth
in Claim 22 which also includes: ' '

simultaneously opening said second motor wvalve and
15 closing said first motor valve and beginning the second
time period in response to the expiration of said first
time period prior to the arrival of the plunger at the
uppermost position in the tubing.
24. A method for controlling the cyclic operation of a
20 plunger lift completion gas producing well as set forth
in Claim 22 or 23 whnerein said storing step includes:
selectively programming said memory with said time
period wvalues by connecting a'keyboard to said memory and
an optical display. “
25 25. A method for controlling the cyclic operation of a
plunger lift completion gas producing well as set forth
'in Claim 22, 23 or 24 which also includes:
measuring the tubing pressure of said well;
extending the length of the second time period for
30 productioh flow from the well in response to the tubing
pressure being greater than a pre-selected value during
said second time period; and
extending the length of the third time pericd and
keep the well shut-in in response to the tubing pressure
35 being less than a pre-selected value during said thira
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pr oduci ng wel |

to regualr periodic signals fromthe real tinme clock or .a - 51 :
29% A systemfor controlling the cyclic operation of' a petroleum or:- gas

substantially as described with reference to and as -

illustrated in any of 5 the acconpanying draw ngs. 30. A néthdq for
controlling the cyclic operation of a pebookeum or gas producing well

substantially

as described with reference to the acconpanyi ng draw ngs.
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26. A method for controlling the cyclic operation of a
plunger lift completion gas producing well as set forth
in Claim 24 or Claim 25 when dependent on Claim 24
wherein each of said motor valves are operated by a
supply of pressurized gas which includes:

closing all motor valves and providing a visual
alarm in said optical display in response to the pressure
of said supply gas being below a pre-selected value.
27. A method for controlling the cyclic operation of a
plunger lift completion gas producing well as set forth
in.any of Claims 22 to 26 wherein each of said steps of
opening and closing motor valves includes:

.providing a processor means;

providing a peripheral interface adaptor means;

providing a pair of solenoids connected to operate
each motor valve;

providing a solenoid decoder connected between said
peripheral interface adaptor and said solenoids; and

interconnecting the processor with said memory and
saxd peripheral interface adaptor by data bus means and
causing data flow therebetween to enable the processor to
control the solencids based upon time period information
stored in the memory.
28. A method for controlling the cyclic operation of a
plunger lift completion gas producing well as set forth
in any of Claims 22 to 27 wherein the battery power is
used to perform the steps and which method also includes:

providing power save gating circuitry to power down
analog circuits and all digital functions other than
timing and memory to conserve power;

providing a real time clock}

disabling said power save gating circuitry and
supplying full operating power to the system in.response
to regualr periodic signals from the real time clock or a

I

) ) A

10

@)



10

15

20

25

30

35

- 51 -
signal from said keyboard. ;;2
29. A system for controlling the cyclic operation of a
petroleum, or gas producing well substantially as
described with reference to and as illustrated in any of

e

AN
30. A method for controlling the cyclic operation of a

the accompanying drawings.

petroleum or gas producing well substantially as
described with reference to the accompanying drawings.
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