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- --L PRODUCTI ON CO\ITRO_LER"SYSTEM The present invention re atgi to
a ys¥em for electronically controlling one or nore petrol eum wal f\s, nd S O
nmore particularly, to.a systemfor controlling wells in -order to ot
optim ze the production efficiency of-flermation fluids. The present
application is one divisional of Application No. 8430461 the other
di vi si onal s bei ng Appl i cat WEhi: N\AROBYGZION CRYBIROEAEIR IS YSLEM, 188, 451 and
Application No. 8704163 (Publication No. 2,188,751). Each underground
hydr ocar bon produci g§ orPEEFBAL khBYANEdOR r ediatsisr, Heas a t sSyswen forf¥
characteristics with respect to perneability, porosity, prgssure,
tenmperature, hyth¥cH HehEi CPREEP Lilding | 9Be niok: URRL & P§aSOLeum el lwi er
within the formatjon. In addltjgn, vari ous sub- terranean fornations’
conprising a ré’éér VTS PREFAFRI2ELEnNES &0 SWEHEBnECRNGPREFOLE img wells
I ndi vidual and.distingt fashion so that the production of hydrocarbon ~
fluids at a cerl'?lai r?r[r% o f?%_m 83315955 ofBhe PEPMAEFOR W FIELdCAGACH he £
pressures and fd4 gféan&&qégerent area of an adjacent formation. Certain
general characteristics are,” however, common to nost oil and gas wells. For
exanpl e, during thedjde 9f.a0)ePr | 4 , ;Lhe patural —reservoir
pressure decreases as ggsgs and |dﬂ¥%§ﬁ$%relgreﬁ%%%d gffbﬁfépﬁé of
formation. As hbgidenaliddn doyihol £2p5£68Ur enef Bedas WRhiLi1488H83%8S beind Ne
wel | bore tends to fill up

Application No. 8704161 (Publication No. 2,188,451 and

Application No. 8704163 (Publication No. 2,188,751). | L
Each wunderground hydrocarbon producing £formation,
known as a reservdlir, hés its own éharactaristlcs with
respect to permeability, porosity, pressure, temperature,
~hydrocarbon dens;ty and relative mixture of gas, oil and
water wiﬁhih the formatioﬁ. In addition, various sub-
terranean forma;ions comprising a reservoir are inter-
connected with one another in an_individual and distinct
fashion so that the production of hYdrocarbon £luids at a

-certain rate from one area of one formation will affect

&

the pressures and flows from a different area of an
adjacent,formation;

Certain general characteristics are, however, common-
to most oil and gas wells. For example, during the life
of any producing well, the natural reservoir éfessure
~decreases as Qases and liquids are removed from the
formation. As the general downhole pféssure of a gas Qell

decreases,  the well bore tends to . fill up -



with liquids such as oil and water, which block the flow of the formati¢n,,
gas into the borehole and reduce the output production of the well. In
such gas wells, it is conventional to perQodi - cally renpve -t he

accunmul at ed I|qU|ds by artificial lift te€h- 5 . niques which include
ptunger lift devices, gas lift devices and downhol e punps. In the case of
oil wells within mhich the natural pressure has decreased to the point that
oi |- does not spontaneously flow to the surface, fluid production is

mai Nt ngd eRY 13 ifdet) Budh f4s "BLROARAS Wit &S, Okmm@' BlBE@%hé”‘i’l@& S e

injection lift technlques In addition, certain wells are fre- quently

stinul at edrmatdonn A SERitPr eﬂucmreHMesesmdﬁéauéecenevemtpmc PrctiRst ion
such as the injection of water and/or gas into the formation to naintain
reservoi ofpthes wel bnd Ian cucte gad | valds ,f lit diss f conveheibnaluttioopemiadi-~
the wel | bore. 15 In oil and gas wells wherein the anbient reservoir
pr essur ecadd yberemoudsthet | atctymuvpabedd, liqwidendyalanteichic tpks 1difé cech-
monly used: (1) plunger lift and (2) gas lift. Plunger lift production
sys?ens Phgpese whichiséngludespliungsay | Eftcdﬁ%ﬂqgﬁrHQQM|éhftrdﬁﬂkﬁes and
t hrough tubi ng extendlng froma 20 I ocation adj acent the producjng

f or mat i oROWBRALEn PHBPBor ehdife tthesuFprgee e§ui phbnivaldent #d thin ht’!hbﬁBn e

f the borehol |, fluid h collect jn th h
Tnni bit PAESPRY,, RReTaFac as deSraasedr itk Shearkeifto °&§+ Be8s et

col l ect egpt'antaneotuuq' "% row L Cs?\lxl'gactzg? ghdsa" ptrrc‘: uctdl i’ maintained

o by artificial 1lift methods such as downhole pumps and by gas’
10 . injection 1lift techniques. 1In addition, certain wells are fre-
‘quently stimuiated int; increased production by secondary reco-
very technigues such as the injection of water and/or gas into
the formation to maintain reservoir pressure 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 general technidues are com-
monly used: (1) plunger lift and (2) gés lift.
Plunger 1lift pfoduction systems include the use of a small
-ecylindrical plunger which travels through tubing extending from a
20 location adjacent the producing formation down in the borehole to
| surface equipm;nt 1ocated at the open end of the borehole. in
general, fluids which collect in the borehole and inhibit the

flow of fluids out of the forﬁation and into the wellbore, are

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

-/..




Med at the surface and the accuml ated reservoir pressure is sufficient
- orce the plunger upthetubiug.g The plunger carries with it to the
sur

‘ace a load of accummulated [err] which are ejected out the top of the *

Il thereby. al f e f
the mlq%ggg 2l oph09 SA% A Sana LAY EBEGRLNSRN [FAUBENEf OpFBYLAR ! N

e de I'vered ution system at the surface

ALer Elig e ‘@noa‘ ¢S §c@9atnebe§pﬁrﬁgéestﬁ¢ct@fg de@tifgt.ne faHd hen
mul ati &n of flulds downhole, a valve in the tubi ng at the surface of the

wel | '%a%'r%%d §chhaitth:% PLHBYGSuE hgBel ad | 9 dadckodovatchimul 4 ted t Ehiuitis
and is ready to lift another load of fluids to the surface upon the

reopenidpd c®f e d€ed Fo@asthki floppiafiuchié OWe13ysherebynallldedng \Gals/eo
system for controlling the injection of pressurized gas froma source
ext er - fnaw tMotke Swdélys fixtoms theot fermgasionel inbo dhmnpeddbore i and Iw
the borehole. The increased pressure fromthe injected gas for- ces .
accunuldetldd medratoora f Adisds Lipn til pensysitembahg the eadrfigegl.onghfher the
borehole to renove the fluids and restore the free fl ow of %as and/ or oil
from t fdoworafatgash has oagﬁénv\blelcm‘e Ineskr ietoRcfue| tauther ANE thedk 3
problemdurlng gas lift unger lift 20 n‘glned W th gas
to i mpfMe tekqn c‘P%na/‘“as eﬁgg s?fs’té’m"f%l‘é?nob\% Fﬁeu" 082 surgace
4,211,279 jssued. 8,.,198Q to K t aaks it a
is a r&uitReeNe hglﬁgfgocﬁo gﬁs?a&*{% Bfuggﬁﬁt t:r?"e\%:'al €€£%§ ?’Eg sur# ace
t he | | (ﬂ% t hg nfe @ Of ¥ ¢ depeldpor
f e flo of@\gﬁ étloﬁi gz’ig ﬁ'%tar h@b f"[fogggéc"l \sgt |]r'1$%ﬁe prodﬁg%(lion of gas
surface upon the reopening of the valve. . | W,
A .gas lift production system includes a valve system for '
controlling the injection of pressurized gas from a source exter-
nal to the well, such as another gas well or a compressor, into
15 the borehole. The increased pressure from the injected gas for-
ces accumulated formation fluids up a central tubing extending
along the borehole to remove the fluids and restore the free flow
of gas and/or oil from the formation into the well. In wells
where ligquid fall back is a problem during gas lift, plunger lift
20 may be combined with gas lift to improve efficiency. Such 5
system is shown in U. S. Patent No. 4,211,279 issued July 8, 1980
to Kenneth M. Isaaks.
In eithér 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 gas

and liquids from the well. These motor valves are conventionally

controlled by timing mechanisms and are programmed in accordance

A



and liquids fromthe well. These nEgor val ves are conventionally _ f‘iia
controlled by timng mechanisns and are programred i n accordance Wi t @
principles of reservoir engineering which determ ned the length of tine

that a well should be either "shut in" and restricted fromflow ng gas or
‘li-quids to the surface and the tine the well should be "opened” to freely

produce. wieherpdinciflest ef crebervditSeengohePEhag!l IwHioh detefited AbKe
is strictly one of the el apse of a pre-selected tinme period. In nost

casesy \nehength vef | timendtherts, asuwelds pheaidr ebet e@PER@E Ursshi C.in? €and
used only to override the timng cycle in special conditions. For exanple,
U S Patzestricted3gxawifliowihgsemas preuhiquidd totitheigsayfac@ Wndhthe
i nproves the efficiency of using injected gas to artifically lift Iiquids
to a wel Itingfibe feliesshRowld: p'*qm;zed'_rito feerdyqprodices. Paereraldy,
3,33§,945 to Bostock et al discloses a pneumatic timng device for timng
the Tnterth® - CFdETIPerURednEQKA/RRET AL 128 | OF Jthewemptoro ViarlMeealiﬁF stepictly
produc- 15 . _tion. e Padent No. 4,355, 365 .to McCr.acken et a
di scl oseL s?ét gﬁFf Syaglsgct orft B¢ ys.?:h?EFﬁst timg OsE Qs at#‘brﬂ‘%’?tﬁrﬂéﬁz ’
I n accor | } O Lging techni ques wherein the well is allowe
to flow for a *%és 8%%eéggFég%gghﬁeﬁh§ M RERAP Wi ToPRYTa “EECOﬁBC’ are
pre-sele { 9de £ 0.1 e e qduct | r he .well. ... The
G £ or entr i PEBLE Tep oY BEREA8S LhiTelnlad” i S LA A 4 Cagaitfghs,
of Marietta, } Oa® tg, oger PN i{t n,
wth a gati nglqgﬂ)‘/g‘ta eﬁ?ﬁé\'/\hig'chgnegrgﬁregé \yaq]u:{é' jo I'psrééés)srﬁu)irsg&é%deé I ﬁ?ﬁg%’)‘ég‘gggg
Eﬂﬁixfﬂﬂﬁﬁfﬁing system which improves the efficiency of using injected gas
to artifically lift liquids to a well surface by means of the
plunger lift.technique.f U. S. Patent No. 3,336,945 to Bostock et
. al discloses a pneumatic timing device for timing the intermit-

tent operation and/or injection 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 operation 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 increase the production from
the well. The differential control system manufactured by
Plunger Lift Systems, Inc. of Marietta, Ohio serves to operate a
p;unger lift éompletion in accordance with a gating system in
which measured values of_pressurg and fluid levels are compared
with pre-set values. U. S,' Patent No. 4,150,721 to Norwood
25_ discloses a similar gas weli controller system which also utili-

zes digital logic circuitry gating to operate a well in response

to a timing counter and certain measured well parameters.

- -



‘\ pre-set val ues. U S Patent No. 4,150,721 to Norwood 25

5 oses a simlar, gas well contrdgler systemwhich also utili- zes
dlgltal | ogi c C|rCU|try gating to operate a well in response to a timng
counter and certain measured well paraneters. Under certain

circunstances, however, the nmere tinmed inter- nmittent operation of a S|ngle
hotor valve to control either outflow fromthe well or gas injection to

t he mell wi Il not effect maxi mum production nor will operation based ugen a
mecha- cfé’xl cQQER%' ?-?&s%!‘ﬁxé s DARRRRIAIS, %éhme%e%ﬁtme{aﬁ PL
and n1n|nun1v ues I's 1ne crent and costly to inject gas

vel | bor gy mm&pnw Nal '%?ﬁe"‘m&&:{- eQ e altld fbgn&ah '&1tngt
when the mel | mnng naturally w satisfac- tory production

Further ,outdflows fr'oﬁf»‘f thei afé11t @r i Ga8C i@?ectfbhheio t @ReSwé] 1 Okil1qo0 not
| arge a volunme of gas as conpared to the volunme of liquid contained wthi

t he bor effectmaRiflons producadion sl @ilif bpezhtlicht basdd aipgow! £, meéhaay
be desirable to open a well flow.valve and a gas inject valve

si Brul t amdozesl y comparhissonc| asfe Meé.]gapairajmdier\aal wi thi t presefti rmaximom and
perlod when 15 sufficient pressureis devel oped in the well to produce
conti nuaigimwm values:he Itelis ineffictenndand pospdyi dd injectadgis | bmto

sequenti al operation_ of adfalr of notor valves nmay be desirable such as
when tw® Vel tBogee whiighe degs t Botheantiainul pani ﬁd“ﬂ*‘llﬁ%‘t regwikscrtbli-

S T A R U NN L
fluid hats pyee% odei\.l%rteidon l\tzgrt%qver’i'u%ther,' it is inefficient to injecs_.J
10 either too small or too large a volume of gas as compared to the

volume of liquid cont;ined within the borehole which does, in
fact, need artificial 1lift. For example, it may be desirable to
open a well flow valve and a gas inject valve simultaneously and
then close the gaé inject valve after a first time period when
15 sufficient pressure,i; developed in the well to produce continued
flow from the well for a second time period. In addition,
sequential operation of a pair of motor valves may be desirable
such as when two valves are connected to the well output and (~?
first is opened to allow fluid expulsion and then closed while a
20 second valve is simuitaneousiy opened'for a time period to allow
gas production'after_the fluid has been cleared. Moreover, it
may also be useful to utilize a single controller to sequentially
intermit the operation of individual ones of a plurality of

wells, each for different selected time periods.
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may al so be useful to utilize a single controller to sequentially intermpFx
t he operation of individual ones of plurality of wells, each for
different selected tine periods. As reservoir engineering technol ogy
becones nore sophisti- cated, nore is | earned about the various'paraneters
.whi ch affect the optinmum production of '‘a well, and even the nmanner in which
production from adjacent wells affect each other. It is clear 5 that a
system by which a plurality of wells could be controlled for periodic

operathon to maxim ze and optimze, the pr dq%iion romall wells would be
of valte. A EBAPEVBAT | SAGHRPEE bRYa LerhA AL OGS [ BOBEhfoPhistL-
‘ ot ; . | :
by ng. GPueRy dioy ol 3ba-Aed IUCTIE bprUER BRFRRRCARNMISH Becocs
t o bas ' | LAt ' t I
Lo it ofiit -SRchEpC pRodlisthard F] & BeREr, i "RERe oy REnAt® In dRATE

of gas prdauctidhi EfohhAefacunt FReltsagdifoct t edBH! Gthrerdesi 1ablig tel &wen
a flowng well when the tubing pressure is greater than 15 an i deal

vag ue dehatnidegdybeed &asivwigidh easplaraflliaw ngf pwekbksr eoatd ¢es/donpralled
rati o. Moreover, it would be highly desirable to be able to provide a fully
pr ogr amfell cpephdbddt| opdrat idre tpermaximipé and wptimizef theotprodwat ies
within an array of producing wells whéreby 20 various neasured
par anet Sronf rakd ewehlef wavddiwchbesofowalwe. usde taddiftion) dhewonild e tant
operation of each of those wells in order to optimze the production_from
all of Bd¥aptiage to Mfeilize other parameters associated with a producing
s well, such as casing pressure, tubing pressure, flow rate and
10 pressure and cil/water'mix, upon which to base the criteria of
when to intermittently open or close a well or when to intermit-
tently inject fluids into the well to stimulate the production of
gas and/or liquids therefrom. For example, it would be desirable
to open a flowing'well when the tubing pressure is greater than
15 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 producing wells whereby
20 various measured parameters from each of the wells could be used
to control the intermittent operation of each of those wells in
order to optimize the production from all of the wells. The
system of the present invention provides such a fully program-

mable controller for the optimization of well production.



gm of the present invention provides such a fully program nable
controller for the optim zation of well production. -7- The system of
the present invention can be used in nmultiple applications of producinqg
wells, for exanple, in gas |lift conpletions, plunger lift conpletions,

wel I's having fluctuating bottom hole pressures and production flow rate
and, in addition, to unload gas wells. In particular. the present invention
i's especially usefThei Byseyn! W e aprkbbbfitalidvide ichMbghi 88 WD in .
involves the intermttent injection of gqas in order to |lift l[iquids toghe
surface and nmylaisbe bappibdatdonenbrobrgdscinceeidlQrs, NHdr WEamsl &Pl &n
wells in order to optimze the total production of formation fluids from
the wells. gas- litfy scampdlgjtdonsof phengeesebl £t nvesmp bat ionpl OWelEL £
system whi ch includes notor valves, paraneter.sensing equipnent. and a
progr anmabl e RAEERF ofLBCEBATANIE QovkPmhhodrt ipnassyresl astds pimiwpeivmg
and cl-osing of the notor valves for optinmum formation fluid production

rat es. flow rate and, in addition, to unload gas wells. In

particular. the present invention is eépec1allv useful in
any type of artificijal Lift completion which involves the
intermittent injection of gas in order to lif: liquids to
the surface and may also be used to control Jas injection
into one or more wells 1in order to optimize the total

producticn of formation fluids from the wells.



tubi ng, casing, and production flow |line pressures for optimumcontrol o&y -
production from plunger lift wells. An additional object is to provige

el ectronic controller which nonitors tubing, casing and production |ing

flow pressures to adjust the 5 on/off time for production fromthe \e
based upon a conparison of actual tubing pressure with a cal cul ated i deal
tubing pressure and to shut in the well upon arrival of the plunger at the
wel | .surface, or casing pressure dipping below a pre-selected limt or
exceefling a pre-selected maximumtine limt for production from 10 ‘the
well. “A further object of the inventiondg to sequentially intermt the
operation of individual ones of a plurality of different wells, each for
different tine perfedss An audjddtonst O epresbntha nvieneniorortd sptovide

si mul t aneously 15 open a pair of notor valves and then cl ose them
sequentially afbystéﬂﬂuﬁﬁnh thokugdesi addro valvesse parathetteronséns ing
given quantity of injection gas. A further object is to sequentially: open
a first notoregalipsent.ahhdwal pyogdasuails @l etk wliosecontadiekenf wRichhil e
si mul t aneously opening a second valve to allow 20 gas production for a
sel ected timecpeerpdaliyr adjystst &0e MPingieapt eSEAB LAFY &t i G aRALPHr
further objects_and advant ages thereof, reference nay now be had to the

-9a- The pres¥AtVRRvERFi BRUAEFIOTEPHGA deld!id KRadirtion rates.
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g§£§ﬁontrolling the cyclic operation of a plunger lift conpletion petroleum
ci.ng well having a notor val vﬂ connected between the tubing of the

wel l-and a flow sales 5 |ine, conprising: nmenory nmeans; mneans for storing ~

in said menory signals indicative of an algorithmfor calculating the ideal

tubi ng pressure for producing the well fromwell casing pressure, flow ng

10 separator pressure and a factor representative of the characteristic

rate at which the well will. cycle the plunger repeatedly; means for e
Measur i gapliRg,Casddad] Cand pPEALEEiINR! |§1 oW DG rJUARd "o heodd 43409
separator pressure 15 of the well; neans for neasuring the sales Iine

pressur gontedls ¢ produictdon $ebf FI®iged iFHal wepgicati Xg Qladi
factor representative of the characterist?c rate atwmhich t he welllﬁ??nal

cycl e aobligogeris2to provideceanorel@stgondBnesséLerb01bhe WRI®H Y mMdatord O
periodically receive fromthe nenory signals indicative of both the

al gori ttmbang,t ltasfiagg candngroducedioad 1bneafdowegnes\gredats hadjusteitte
t hg neasured pressure val ues, saia processor neans calculating fromsaid 25
regeiveqndaﬁﬁ &imedckor tpmdduchiesnsfiremv dhee ;welld besed Gponope o axdisbn
mot or valve when the ideal pressure value is greater than the sales line
pressur®f aRatupdstabiag pressmre Hith imeralewlatied| igeadstnbing preasdmss
t han thshaakeS'line ressure. '

;
o shut in the well upon arrival of the plunger at the well

surface, or casing pressure dipping below a pre-selected limit or

exceeding a pre-selected maximum time limit for production from/

10 the well.

L4

A further object of the invention is to sequentially intermit
the operation of individual ones of a plurality of different
wells, each for different time periods.’ .

An additional object of the invention is to simultaneously

15. open a pair of motor valves and then close them sequentially
after different time periods to increase production for a given
quantity of injection gas. A further object is to sequentialiy'
open a first motor valve to allow liquid expulsion and close it
thereafter while simultaneously opening a second valve to allo;\J

20 gas production for a selected time period.

For understanding of the present invention and for further

objects and advantages thereof, reference may now be had to the



30 For understanding of the present invention and for further objects :
and advant ages thereof, reference nay now be had to the followng ,
" Gescription taken in conjunctlon -wi th the acconpanying draw ngsin whifo

FIG 1 is a schematic drawing of a gas injection plunger lift well

conpl etion having two notor valves and including a program 5 mabl e
el ectronic controller constructed in act®dance with the teachings of the
present invention; mEéGpr%slesuta SEVERRL b Q%We‘"f%r%f ﬁr&bf@&é‘r al 1 §fsieh !

valves and includjng pr ogr apmabl e

conpl é"‘ tion .havin
electronic c %erPﬁéFo\ﬁq&Bﬁstﬁlfct%%Cl’r% ORELBtdhc Lt WPt IPlut'W@rlollft
t eachi ngs of ¢agpbe93@mtpenrenéunnprsaﬁblﬁg|aealshbemmyta(Hdemgv@Iv@

plurality of I on wel | s, each. havj n

not or val ve aé%q#%%l{' u%l{.;}é’txgg%ﬁg%f%m% fﬁl P?%m%l]goﬁq o?l%f&%oﬂiif?%ct ed
in accorddncel ##¢h lefb%@mngs of ‘the |nvent|on 15 FIG 4is a
schematic drawi ng Réndrp! woges, | ift wel | conple- tion wherein the well is
operated in accordance with various neasured paraneters and including a
progranmabl e el ectPRRT tDht FbPF ERY cORsFRIEL SEMOF Yacisrmpdifc el nd 19 t Hee

i nvention; FI&E &nisldobivek ﬁbﬁ%ﬂ&@ﬁaﬁh@ﬂ@é roge£1 oIy | ﬁeé@&de' n 20
and, 4;: FIG 6 1s a bl ock

conj unction th the syste Fl GS. 4,

di agr am of a\rll\% =] e%’f?%‘ﬁ%%n%(r)%? o"fe\flﬁr {]fs W’?‘ﬂ']co?'ﬁw iR PSA1EE ¢ h’él%"ﬁﬂs’f%ns

shown i n Ik} Gedaramb?; pressure and a factor representative of the
characteristic rate at which the ‘well will cycle the

, plunger repeatedly;
~ means for measuringithe casing pressure of the well:.
means for measuring the flowing separator pressure

15 of the well; )

means for measuring the sales line pressure;

means for storing in said memory a signal indicative
of the factor representative of the characteristic rate
at which the well will cycle a plunger;

20 processor means connected to the menory means to
perlodlcally recelve from the memory signals indicative
of both the algorithm and the factor and connected to
said measuring means to receive the measured pressure
values, saia processor means calculating from said

{»/ 25 received data an ideal tubing pressure value; and

means for opening said motor valve when the ideal
preSsuré value is greater than the sales line pressure
and closing said motor valve when the ideal pressure

_ value is less than the sales line pressure.

30 For understanding of the present invention and for
further objects and advantages thereof, reference may now
be had to the ' |



£BLtronic controller constructed i ccordance wth the I nvention and
own. in FIG 5; and FIGS. 8A, 8B, and SD are each portians of a
schermatic diagram of an el ectronic controller constructed in accordance
with the present invention and shown in FIG 6. 5 Dual Controller Operation
The well conpletions shown in FIGS. 1 and 2 operate with the controller of
the present invention in a first nbde to sinmulta- neously open a pair gf
mot or val ves and sequentially close them 10 in pre-selected tinme franes
and i n afetiewdngodescs iptdamttaken dperapjnnqtisin nwith thevescompanying
si mul t aneously opening the second and closing the first 1in accordance
with de@eawipgs ipf whigBioccurrence of an event and pre-selected tine
peri ods. Mde_A 1ia Referring first to FIG 1, there is shown an
i 11 ustrativeFiBnetadBc 2oBchefat it QR&R%ﬁ%g 25938 pipigerirpr Plupgerediidt

i th, i.nj iop. Th Il i.nclud . b I
Ext end rBEH oRPRRESSTAR, A ER Bva RBROTS KT |4 | HRRLARLR 1A BEpesAn-
casyng. 1, L il nte: £ QSIS 368 dRPRCE A NG 200 oor RRALICLDEN che

. m
geo? ogi caf casi ng incl bdes "perforation ere

. the prodeg&ggiﬁhéaggikﬁgrgg@iﬁﬁguigJ fgngas fromthe formation into the

casing lining t ore e producing strata into which the borehole
and the casi pggexRenl@& a schematic drawing of a plunger lift well comple-

. 7A, 7B and 7C are each portions of a schematic diagram of an

tion having two motor vaives and including a programmabl~
‘electronic controller _cénstructed in accordance with the

10 teachings of the présegt-invention:

PIG. 3 is a schematic drawing of a plurality of seguentially
operated production wells each having a single motor valve and
including a programmable electronic controller ;onstructed in
accordance with the teachings of the invéntion;

15 FIG. 4 is a schematic drawing of a plunger lift well comple-
tion wherein the well is operated in accordance with various
'megsured parameters and including a programmable electronic
contfoller construc;ed in accordance with the invention; o

.FIG. 5 is a block diagram of an electronic controller used in

20 conjunction with the systems shown in FIGS. 3 and 4;

FIG. 6 is ; block diagram of an electronic controller used in
conjunction'with the systems shown in FIGS. 1 and'2:

FIGS. 7A. 7B and 7C are eaéh portions of a schematic diagram

‘'of an electronic controller constructed in accordance with the



is formed of coarse rock and serves as a pressurized reservoir containipg a -
m xture of gas, oil and water. The\casing 14 is preferably perforatef
al ong the region of the borehole containing the producing strata in a
in order to allow fluid com 5 muni cati on between the strata and the
well. A string of tubing 16 extends axially down the casing 14. Both the
tubing and the casing extend into the borehole froma well head 18 | ocated
at the surface above the well which provi- des support for the string of

t ubi ng~extending intq the casing 10 and cl oses the open end of the

casi ng. lﬂﬁenéhgﬂngnﬁsSBQHﬁeéPe%Wﬁyaﬁﬂi?ﬁﬂzz whi ch supplies high pressure
gas from an external_ source such as a _conpressor (not shown) .throu S a |
first motor §3F%e ®&% BBro $he andsPRy ave eafhe PIT L iQNEPS, avﬁg gmaggc

' dDb h d.cl Lti b ' mable 15
wnl | pr ORRTFOR (7h ciaf t BLFFEERPAS) | P SBOLRE:  FRABLE FHCRCchn BRREBSARER

t he teachi pgs S I nv.entio ubjin 6 LS connected to a
productig%eﬁlgaﬁl%ggsgb? ﬁﬁ&gﬂgﬁﬁg‘§¥§%H%nﬁ%éo$hvgféé 52 and to a separator
28. The out- put flow of the tubing 16 into the production flowline 27 is
205 generally a m xture of both liquids, such as oil, water, and con-
densate, and gases and is directed through the separator 28 which effects
t he physical separation of the liquids fromthe gases and passes the gas
into a sales line 32 fOF(bﬂdbﬂﬁdhﬁﬁbfugﬁsogéfﬂeibﬂg system The
| i quids output fromthe separator 28 are

The well completions shown in FIGS. 1 and 2 operate with the

-
or

ka’_- controller of the present invention in a first mode to simulta-
neously open a pair of motor valves and sequentially close them
10 in pre-selected time frames and in a second mode to sequentially
‘open a pair of motor valves, simultaneously opening the second
and closing the first in accordance with detection of the
occurrence of an event and pre-selected time periods.
Mode A ’
15 Referring first to FIG. 1, there is showﬁ an illustrative
échematic of a gas well equipped as a plunger lift completion
U - with supplementary gas injection. The well includes a borehole
12 exténding from the surface of the earth 13 which is lined with
a tubular casing 14 which extends from the surface down to the
20 producing geolo;ical strata. . The casing 14 includes perforations
15 in the region of the produqing strata to permit the flow'of

gas from the formation into the casing lining the borehole. The

producing strata into which the borehole and the casing extends
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and’ 37

ted into a liquid storage reservoir 36 for subsequent dispo- sal by

%mn nmet hods. Pressuri zed 9as I s al so supplied through a filter 17
A4ggul ator 19 for use in'pnehnatlcally operating the notor val ves 25
py means of solenoids 31. 5 - The string of tubing 16 extends

.axially down the casing and is termnated by a tubing stop 23 and bunper
spring 24. A reciprocating plunger 20 is positioned within the tubing 16
and is prevented passing out the |ower end of the tubing by the bunper.,
spring 24 and tubing stop 23. The u Fper end of the tubing 10 16 is™

cl osed iy foumed | o4t foaTBehFeRKs

VEEIrvRs @surycpresswhiped; nesemviis

upper nost pqsition. The Iubrlcator 29 al so includes a sensor 30 which

det ect SORFAIRIRNG B uRdStUTSs of r PR8a L1l andppatar: pdbe iasing d4gais
i nject s f the e sho in deS|r ble to conserve
gas anBf % g#&&ﬂﬂf g%ﬁﬁ&kéib?%rﬁhﬁh’?ﬁé°PlPzttﬁﬁt sontaining

requir
fluids
f5rst

pre-se

e R R, O S ST
FIEAAL SAVGLE 0 SISl B R S, i

Wien thg Witlendds & %nl 1§ dh | ?ac?HiﬁhClQnt period of time to develop a

for-

14,

mat i on pressure

in thepgoR@l Ahdf thbEngehhl el taslihqeREEAd meopme botiehdle from

1I"qui ds w ave accunul ated within the casing

fornatlon These formation fluids restrict the flow of

10

15

20

a wellhead 18 located at the surface above the well which provi-
des support for the string of tubing extending into the casingg\J
and closes the open end of the casiqg. The casing ié connected
to a line 22 which supplies high pressﬁre gas from an exte?nal
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 programméble
well production intermitter/controller 26 constructed in accor-
dance with the teachings of the present invention;

The tubing 16 is connected to a production flow line 27,
through a second motof valve 32 and to a separator 28. The out-\~)'
put flow of the tubing 16 into the production flow line 27 is
generally a mixture of both liquids, such as oil, watér,'and con-
densate, and ga;es and is diredted'through the separator 28 which
effects the phfsical separation of the liquids from the gases and

passes the gas into a sales 1line 32 for delivery to a .gas

gathering system. The liquids output from the separator 28 are

-/21’-



gases fromthe formation into the casing so they are renoved at the A
begi nning of the production cycle en both the first and second notor
valves 25 and 32 are opened simul Agneously. The first notor valve 295
opened by neans of "on" solenoid 31 to 5 inject a flow of high pre e
gas fromthe external source into the casing 14 and raise the pressure. The

second notor valve 32 is opened al so by neans of an "on" solenoid 31 to
open the upper end of the tubing production flow line 27 and cause the

Guant 1y ot S 8 ) St BEBrpd, oSyl Y O uteatant 41 dpod

the regi gaf pyhadl PdkGicie fREERbEGN.  PHaBdurdle® BRBUNY bR2sbhoawppi fed
by the plunger 20 flow out through the second notor valve 32 and the

product i @hrdduyh | aNE1id €&t tAwd SAPHeudlatst | 19 af6PNv8B! I 19N Pnd1aRdt Dflally
The plunger arrival sen- 15 - sor 30 detects when the plunger 20 has
reached idpedatimgy the mobongvabdess 250dndd 320 Hyhaendany icfatgyl eitb bdwl 31.
produces a plunger arrival output signal-to the controller 26. |In response
‘to the pl ungdther strahgsiafnatybimgt b6 eotwmgis cixbably- dowgr Avecccasing and
whi chever happens first, the controller 26 operates the "off" 20
sol enoi d iB1 Sermisatiedst byptar tudiing 25top cR3sandebumpes aspringp e A
injection.. , The second notor valve 32 is allowed to remain open for a
pr e- pr ogFAFRF Gl e r PAYNEEIpAti 8t POsAtdoned pgriehir i Shegdubringn eand
For B O g Pk Ehehiee Shab TRaP5h % el 1258006 R U VEhY® Sl CgPCehe
L,» bumper spring 24 and tubing stop 23f The upper end_of_the tubing

10 16 ié closed by a lubricator 29 which receives the plunger 20

>

'when it is in its'uppermost position. The lubricater 29 also
includes a sensor 30 which detects when the plunger has arrived

at iﬁs ﬁppermost_positiqn;

In a gas inject systéh of the.type shown in FIG. 1, it is.

15 desirable to conserve gas and injec; only as much gas through the
" first motor valve.25 és is required tb moQg_the blunger 20 up the
" tubing 16 and eject the accumulated fluids froﬁ the well through
the second mbtqr vaiQe 32. .Thereafter, tﬁe firs£ valve is closed
"and the second allowed to remain open for a pre-selected time
20 period of production flow from the qleared:well. When the well
has been closed‘for a sufficiént pefiod of time to develop a for-
”mation"preésure, iiquids wiii:algo have acgumulated within the
casing'ld, in ﬁhe regioh of thé perfératioﬂs_ls_adjécent the pro-

‘ducing formation. These formation fluids restrict the flow of

-



) 24 for a subsequent trip toyt he surface to agai n enpty accunul at ed

pgion fluids fromthe well. Thus, in the system of FIG, 1, a pair.

ot or valves are si mul t aneously 5 opened and sequentlally closed to
maxi m-ze production flow while mninzing the consunption of injection gas.
Mode B Referring nowto FIG 2, there is show an illustrative sche- matic
of- a plunger lift. conpletion gas well, simlar to the well 10 of Fl G

1, but wherein the formation pressure is sufficient that no suppl enent@ty
i nj ecti oyagss | Srowcenpearformaioer iheoClttdy dawingl soothegCland atéfbved at

fluids. The wel | .includes a borehole 12 extending fromthe earth surface
13 down the hbegindingnmHethe prodhcsiont ayoke Weheh iboth nedewifiirst and
tubul ar casing 14. The 15 casing 14 also includes perforations 15 in
t he regi secand hmopoo- vakves 25raamdt G2pecanet dpendd osimbhlgasebusiyt.he The
formation into the casing. A string of tubing 16 extends actually down
the casi /¢rBt motort Nalvehi2fy i8 apendd bysmegnss aft oo™ sodenedd 31 to
borghol e 20 froma wellhead 18 |ocated at the surface and which .
proVi des iagectyr t flew PﬁehésﬁIRfQﬁsﬁﬂ%iﬁgsaﬁH°ElG@&sQ*ﬁ?Rﬂi%1QQRF@# tpko
casi ng. reci proc in u 20 i's positioned within the tubing, 16
and 15 prbFefaRing offpaSe) RE 198 R PEREFOER ofienc RS PRssE. FERERr 32
spring Zisa%%éégdrghgéogy meaﬂg“%PQEGV‘”@ sol%goxd 31 to open the upper
end of the tubing productlon flow lxne 27 and cause the plunge-.
20 to move upwardly within the tublng and bring along with it a
10 guantity of format1on,flu1ds which have accumulated within the
casing in the region of the producing formation. The liquids
brought to the surface by the plunger 20 flow out through 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 when 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
plunger arrival signal, or ﬁhe passage of a pre-programmed timévi
whichever happens first, the controller 26 operates the "off”
20 solencid 31 of the first motor'vaive 25 to close the valve and
. \J .
stop gas injection. ‘The second motor valve 32 is allowed to
remain open for a. pre—programmed txme period to permit the flow
of production gas from the formatxon. After the set time perzod,

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

-



of the tubing 16 is enclosed by a l|ubricator 29 which receives the plunger
20 when it is in its uppernost position. The lubri- cator 29 also includgs, *
a sensor 30 which nmeasures when the\g unger has arrived at its upperno
position. 5 The upper end of the tubing 16 is connected'to a fi
flow "T" 41 and a first notor valve 42 into a |ow pressure fluid deli-
line 43 Ieading to a separator 28. The first notor valve 42 is actuated

by a palr of "on" and "off" sol enoids 44 under control of a well
producLlon contraqller 26 constructed in accor- dance with the
teachlngga&ﬂ1Hﬂ9¥rﬂﬁﬁﬂlﬁhe t?ﬁé“SoH&ﬁiQﬂ;%ﬁnéﬂélfFHESFFéﬂ“oﬂﬁaﬂ%ﬁnﬁﬁzeme

air lied, vialine 43 by neans not shown. The up end of the
tublng 1% sﬂPEbﬂﬂegﬂe e 3 §&9§ﬁ99?&ﬁvt#iP4GQrﬁng§ua fageot® mgain

1ol 2 %ﬁlga'@@u@ef%é%@dfogwa 5 m@sn grok <09t £ ol che
T, AL g TR W R A
f d 0

8, T A SR D £ o Ao

the sel eqligdpliiaTh g 4red bod £ bf PRJEBLIBAOQRRI Ng motor valve 42.

t he pl unger 20 rléﬁs to t Jﬁ¥ace 6?he gccunupapeg fluids carried by the
pl unger pgase @ut through the first flow"T" 41, through the | ow pressure
fluid lin€ 43~ into the separator 28. v%en t he plunger arrival

sensor - 30 Referring now to FIG. 2, there is shown an illustrative sche-

L;Q matic of a plunger lift completion gas well, similar to the well
10 of FIG. 1, but whereih Phe formatioh pressure is sufficient that
no supplementary injection gas is necessary in order to clear the
well of accumulated fluids. - The weli includes a borehole 12
extending frqm the earth sdrface 13 down to the producing geolo-
gical strata and which is lined with a tubular casing 14. 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 14.
- Both the tubing 16 and the casing 14 extend into the borehole
20 from a wellheaq 18 located at the surface and which provides sup-
port for the string of tubing and clqées.the open end of the
casing. A reciprocating plunger 20 is positioned within the
tubing 16 and is érevented from.passing out the lower .end of the

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



cts that the plunger is positioned in the lubricator 29, the controller

| oses the first motor valve 421&nd si mul t aneously opens the second
otor: valve 46 to allow the high pressure for- 5 mat i on gases to pass
t hrough 't he second flow "T" 45 and out the high pressure gas'sales line
47. After a pre-selected tinme period of high pressure production gas
flow through the line 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 ag?
the for- 10 mati'on gas pressure to re-accunulate for a subsequent cy!
Thus, iof t hbesytnbdnaf 16 ds 2enalpaed &y ot dubyiretorardd ogeich cleceivest
a flrst valve is opened for a tine to clear the well and then closed while
a secorfd® PlLanger s2f,wheneciks| 18 obBnd 88 WPPLINGEI PS Hel Ry i 08beo lubrdw
productlon ro frQqmthe cl eared wel | ang t hep cl osed. Thu this
mode ofS3HW al? ﬁé%péf‘ﬁﬁ\qﬂ?%f A cBePECF sé ar"é'i‘b%htﬁ’t?QW?ﬁ the
fluids ron1th hi gh_pres roductlon ring nowto FIG 5,
there|3}%ﬂﬁﬁﬁe% 55£13F§ SW15P1Hﬂ?%ﬁH rQﬁR&E %ﬂ controller 26 which
e fects th e n f e I I LLLustr

S 2 i roBREE s ﬁ% £ ushe” Whiad YF B8 BfRneredd B F EickpErow |

ari ver o 3y mns%eésw ot dRUARIEXeS it/ @dﬂa@Sﬁzaﬂa ?é Equaarra@qr;m

54 and a demul tiplexing latch 55. The processor 51, as we ot her
processrsy reinér £9 18alehgi ko ias supitadt V28 thRe f;@@smwae aad;vebyu
way of exanple only, a national sem-conductor nodel NSC 800N-1 CMOS

m cr o- /lsocastwatieds par f arnpaisatoff don™ ~and "“off"™ solenoids 44 under

control of a well production controller 26 constructed in accorJ\)
10 dance with the teachingg of the invention. The solenoids control
.the flow of pressurized air or gas supplied via line 43 by means
not shown. The upper end of the tubiﬁg 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 plunger lift completion of FIG. 2 is closed
in for a pre-selected time period during which sufficient for1~J'
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



torily. The micro-processor 51 is also connected through an address bus. .
56 and a nmenory decoder 57 to the nenory 54 and to a 5 per pher al 4decqder’
58 and a real tine clock 59. Finally,{The mcro-processor 51 s c
over the bus 53 to a peripheral interface adapter (PIA) 61. The per\phera
interface adapter 61 is connected to receive input from a plunger
"arrival sensor through an operational 10 anplifier 62 and an air
pressure fail sensor through an asso- ciated anplifier 63. = A high tubing
pressure limt sensor provi- des a signal through anplifier 64 in the event
the tubi ngepr eshEr Cg8yaP8ESra P8 S- Seluifdd ¥l ugmﬂbbﬁ‘v darPYwhYDidkhsor 30
pressure sensor provides a signal through anplitier “65 in the event t%e 15

t ubi ng paetedts indls tkéoplangee- 98 Pt MsHe®. in | BhadlubreBatsrN@9 0 e
battery power is available. in the renpote areas where such systens are nost
of ten | ocohttoliler SA6telosespthel ddast tdotor ovabeét ¢Ry andl isdgm ldaineeiuyl y
and a battery voltage failure detector 66 which provides information

t hrough openperthshesetold motiont erdlwe dGapberaldbw cthenechight pokssbze for-
system The peripheral interface adapter 61 is connected to actuate a pair
of Bot or B3RAEAs gASeRabd DAsSBwEhFaugh otheorenonds flome TV 4pnandnousndhe
for "off" in etch of the solenoid pairs 67_and 68. An address fromthe
peri pher BRghnt PFREEUTrgdaBRer Sules Fdaed47. t hiAfEGT aadRrreselacked ortdmg
t he ot her of pair. of solenoid drivers 72 and 73_for respective ones of

t he not oPeHPae of| kigh (PRapAUre7 PIRdUSE iom e EHOY KFPRIY; Ehgt diney 47,
S?'epts the %E@%nd motor valve 46 is again closed to shut in the well and

~ allow the plunger 20 to drbp'back down.the tubing 16 and the for-

10 mation gas pressure . to re-aécumﬁlaté for a subsequent cycle.
Thus, in ﬁhe-system of PIG. 2, a pair of motor valves are
operated so that a first valve is opened for a time to clear the
well and then closed while a second valve is simultaneously
opened for a second time period to allow préduction flow from the
15 . cleared well and thén closed. Thus, this mode of plural valve
operation effectively separates the low pressure fluids from the

high pressufe production gas. .

\_/ . Referring now to FIG. 5, there is shown a block diagram of
~ the well production controller 26 which effects the operation of
20 the well complﬁtions illustrated in FIGS. 1 and 2.  The cir-
cuitry includes a micro;processor 51 driven by a clock driver 52
and connected via a multiplexed aata/addtess bus 53 to a memory
54 and a demultiplexing latch 55. The processor 51, as well as

all other processors referred to herein, is preferably of the

- -



period during which a signal is supplied to the solenoid drivers. 5 The
wel ontroller systemof FIG 5 alsgncludes a keyboard 75 for the entry
of ‘i pl e progranm ng data into tHe®nenory 54 through a keyboard encoder
76 and the bus system77. A nulti-character optical display 78,
preferably of the liquid crystal display (LCD)y type, is provided
" for operator 10 observation of information as it is programmed into the
systemas well as various paraneters and itens of .data which can be noni;-
tored during the operation of the system In addition, the display?J

provi degMasVitipd &nd| "byPeay it WikdmpPle 38n 1§, | a2Rhatidial) ié%-ﬁé%(fgér

| ow battery voltage and a battery failure 15 condi tion

78 is dmbded (NSOUBVON+RI TMUS dimiRray-plocediso31 hasd SérkbrmedY eyt el c-
fashion. 1n one enbodi ment of the disgﬁgy 78, each_chgracter caﬁﬂg% el t her

the nuntomlilyQ- 9 @hé hmicre-prictessdor, 51, #8 FalsoAdonnectedOtRPBLERAI 4n
supply pressure effects closure of all notor valves and is visually 20

i ndi cat addpgsshbuandi& aandnaHieRoty decnddmt’?ryoathemmemorydis4 GHEkPYa a
di splay which alternately flashes HELP 2 and the tinme at which the :
condi t | BArPhegald; declederpfif capdefdedealc| bimee affock | 58ut or Fiakldy,ancheé s
shown by, HELP 3. The status portion of_the display 78a indicates the

condi t i%ﬁ%?'?ﬁecemoé Al op8r fORECtedf ovaE- &ihec hus o83 ekphar r@Yimhera)

decr oot EREFRCRoBREBERmUPIAL S seconds i n displ ay sections 78b, 78c.
?Rd 78d, re’fggcbepiyf‘xle%'al :i.-m:eeppéjge Oidé’B?é%t-.ieci”_- gfs tchoenr?eocnéeré)l Itgr riescesihv?gm.__
. input from a plunger arriva; sensor through an operationaf‘j
10 amplifier 62 and an air pteséure fail sensor through an asso-
ciated amplifier 63. A high tubing pressure limit sensor provi-
des a signal through. ampiifier- 64 in the event the tubing
pressure exceeds a pre-selected value while a low tubing pressure
sensor provides a signal through amplifier 65 in the event the
15  tubing pressure dropé below a pre-selected value. In addition,
since only battery power is available in the remote areas where
such systems are most often located, the system is provided with
a low battery voltage detector and a battery voltage fﬁiluréwj
detector 66 which provides information through the peripheral
20 interface adapter 61 to the rest of the system.
The periphe;al interface adapter 61 is connected ta-actuate a
pair of motor valves by means of two pairs of solenoids, one for

"on®" and one for "off" in e:ch of the solenoid pairs 67 ahd 68.

An address from the peripheral interface adapter 61 is passed

.
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5 Section 78e: | for node A and 2 for node B. To provide maxi num
battery life in renote locations, theYdystemincludes a power save cirg A\
83 which operates to power down all processor functions except those
necessary to maintain nmenory until the occurrence of either the passage-e

.a selected 10 time period or the receipt of an input signal fromthe
keyboard 75. In the operation of the systemof FIG 5 in node A as
descri;bed above in connection with FIG 1, progranming entries are made by
first pepressing the MODE key 75b and thereafter 15 either the nunmeral 1

to sel ecthkbfhAaarded¢ddenuTtr o 2on® oel ate NbeB. off0ra ¥2{P! 8f EBlenoi
program a MODE A operation, the PROGRAM key 75a is then depressed followe

by the GlriveEskay ahd I3d fidrereupartvek@ites CoPr O8E AbEOEOvhll9eMBBRY 014
atinme indicative of the tinme period within which gas is to be injected

into thep@brs @3l |ang t68 bot A mmeorshatt veslopewibriest, thadRREIRAMKEYtihe
is pressed again followed by the EXHAUST TIME key 75d and nuneral keys to
enter i nP®F HedofYring whishdar imignadi die tanpplkieddtontbe salepoid toiversi.n
ﬁgin aftfﬁﬁthe#ﬁirst valve is closed so_that production flow fromthe well

cont t RRe¥ehingonrrallengyghan of (EJG758 adse finveudss 7a&ckevboande?s!

Wi oh | EERTER | SR @ MIREIREEN B QRR WML hASRor LGP Ehes RmeF e 54
c) 955" Eebdln Weheyr S isopert ) ol M Ty BRI, PorSTErS,
o A multi-character optical display 78, preferably of the

— ligquid crystal display (LCD) type, is. ﬁrovided' for operator

10 observation of information as it is programmed into the system as

well as various parameters and items of data which can be moni-

tored during the operation of the system. In addition, the
display provides' a visual alarm upon malfunction as well as

visual indications of low battery voltage and a battery failure

15 condition. ‘The disé-lay 78 is driven through a pair of display
drivers 8l and 82 in conventional fashion. In one embodiment of

the display 78, each character can be either the numerals 0-‘9. or

\_  ‘the letters H, E, L, or P. . A loss of solenoid air supply

pressure effects clt;sure of all motor valves and is visually

20 indicated by th? indication HELP 1; a low battery alarm is indi-
cated by a display-whiéh alternately flashes HELP 2 and the time

~at which the .condition began; a dead battery effects closure of

all motor valves and is shown by HELP 3. The status portion of

the display 78§ indicates the condition of the cycle of operation

_J"A/_



Qugh keyboard 75. A node B operation is simlarly programmed with ON
Bt o open the first notor valve (a Ximumtine" in the event the
ptieger does arrive by then), EXHAUST to close the first, notor val ve.
amd” open the second and OFF TIME to close 10 the second notor val ve and
shut-in the well. Once the systemis started by depressing RUN key 75f, the
‘mcro-processor 51 controls operation of the systemto provide signals to
the peripheral interface adapter 61, decoder 71, and one-shot

mul ti-vibrator 74 to energize both the solenoid drivers 15 72 and WS‘and
open botdf réli@rcitwtt & €9théB. ONATIME-Pe JAF WIMEXE ; toNMEEXHAUST TEME-L,
el apsed, the first notor valve 67 is closed to stop the injection of lift
gas i nt while e rémainihg ttmendsnehownvande det reme ted orerhdwrsy | mivu-
production flow fromthe - well for an additional "exhaust tinme" after

whi ch a t@gynahdi se2®nds pinvidiepliay tsechbionphasld, i T8e; f and Bt ereded o
effect the closure of the' second notor valve 68. Thereafter, both val ves
remai n dliowddy § or Ehe himodepr ef seipeuationf oft i the gonitsdllrex | is hehowrl eins
begun again. In the operation of the circuitry of FIG 5 in node B, in
coBnect iSRELHQM 18@: opbr for omode AhandoRpiferi @edshdwn in FIG 2, the

keyboard 75 is used to select PROGRAM MODE and the nuneral _2 and
thereafter, IR oPrAVHIR '“GPF‘"-“'t‘-‘i“hebﬂéFFSH whHiRen i (ﬂ?“ﬁ"{ﬁ BPEasipasgasthe
production flow is io occur follow n clear g é e well as well as
Phe 't mSYRYeR 1 bRFLHABHG Suaowers daPace FEFREERa which SERTERES Forbrynt

pressur%oéﬁE%ff”%&%%%ssorF%hnc@xons except those necessary to maintair

memory until the occurrence of either the passage of a selected
10 time period or the receipt of an input signal from the keyboard
75. |
In the operation of the system of FIG. 5 in ﬁode A, as’
described above in connection with FIG. 1, programming entries
are made by first depressing the MODE key 75b and thereafter
15 either the numeral 1 to select MODE A and the numeral 2 to select
MODE B. For example, to program a MODE A operation, the PROGRAM
key 75a is then depressed followed by the ON TIME key 75¢ and
then numer;l keys to program into the memory 54 a time indicativéw/
of the time period within which gas is to be injected into the
20 well with both Potor-valves open. Nex;,_thé PROGRAM KEY 75a is
pressed again followed by the EXHAUST TIME key 75d and numera;
keys to enter into memory the time during which the second motor

valve is to reﬁain open after the first valve is closed so that

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

- }5’_



“tiation of the cycle by depression of the RUN key 75f, the micro- pro
delivers a signal -through the peripheral interface adapter 61, the op
mul ti-vibrator 74, and the decoder@/il to 10 = open the first.notorf y
When a signal is received over the plunger arrival sensor throug

67.

operational anplifier 62, the flip-flop 60 and the peripheral interface

adapt er

61, the mcro-processor again causes the first notor valve 67 to

cl ose and, sinultaneously, the second notor valve 68 to open for a pre- 15

sel et
Therga

ed "exh

fte*?y_bggat' iFrSHrE'"fJ &eys

eri od (7)71‘ hi gh_ pressurge production fl ow.

ShAh uRetabsheyt orre praveptiglimagti-

"of f time" ' d.th le i, ' d. Th | i.ncl ud
2" pr osa VAERY FPaGE thafal¥ing, b, M AkAd LS menaly B L, fpaleatiSe

(raneducest 358 SHPCLECRER rich S BRESP.hRTTes” B e A1 8P4 00
a pre-sety il ghygly fn tghﬁgﬂiwe' | Wlx-:?l:hr gy n t?:%e”pgpﬁgkﬁggﬁg%ﬁrﬁggﬁ‘étfe@s' Sare

bel ow t hat val ue.

mlarly, after am of f t he

tubsng prefspigced Shi lendeLeY aisPiRly | 747 st BReYClareSiditered CiR€6Umemory
Referring next to the schematic diagramshowm in FIGS. 7A, 7B and -7C,

arranged thpbughki Relyboards 7510w mbler @ bperdtioni 1y Os il PALEFOprbgriatmed
connected to be driven by a 500 KH clock driver 5 .52 conprising an
oscill at owi®d ORNITIMEECtd hopeghthefl [firdt opotor - valive 34 . "mdhwimnai timeor in
91 includes a1 [err] crystal 9la across z

O

10

15

20

- the event the plunger does arrive by then), EXHAUST TIME to close

the first motor valve and open the second and OFF TIME to-close
the second motor valve and shuﬁ-in the well.

Once the.systém_is started by depressing RUN key 75f, the
micro—p:qcesso: 51 controls operation of the system to provide
signals to the peripheral interface adapter 61, decode; 71, and
one-shot multi-vibrator 74 to energize both the sclenoid drivers
72 and 73 and open both motor valves 67 ana 68. After the first
“on‘ time period has elapsed, the first motor valve 67 is closed
to stop the injectipp of lift gas into the well while the second
ﬁoﬁor-valve 68 :emains open to allow production flow from the
we11 for an:additipnal "exhaust time" after which a signal is
pfovided to the peripheral interface adapter 61 to effect the
closure of the' second motor valve 68.. Thereaftef. both valves
remain closed for a third pre-selected 'off~time“ period until
the cycle.is begun again. o

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

a



I's connected a resistor 91b, a pair of series-connected capacitors

d 91d and an inverting anplifier 9le. The m cro-processor 51 is

g @cted to the nmenory decoder 57 gzgégads 10 conprising the address
bus 56. The output of the nenory d r 57 is connected to t'he nenory 54
by address | eads 93 and con- nected to the peripheral decoder 58 by a
single lead 93a. The output of the mcro-processor 51 is al so connected by
nmeans of a data and address bus 53 to a nunber of other conponents .
i hcludi ng 15 the nenory 54, the real tine clock 59, the display drmders
81 and &ngécGion) with WWdie coperatitnybfartiec mompdretiborarnghavre jrr FEGer 2,
I nterface adapter 61. A nenory decoding latch 57 is provided to denultiplex -
t he -datthenkerbaards 76ud8s usedntichsadrct RROGRAM hcMOPEr an@dr bhespumeral. 2
The menory 54 includes a RAM 20 menory 94 for the sto[aqs_of measur ed
par arret%'?gv akhexepstary RIQITAB| Eher opimbimeaParigd whithin whichr hiighy
of EPROM S 95, 96, and 97 for the storage of program control for the m cro-
procesRfessure gps. Preduchian fHQwels e 9CtHnheddewing, ¢lraxin®oefd

75 (FI 5 [ - f he keyb d il both _th 4

B Tadngively; 881 vall Re, BF (e iRl which he wetl nfe EovhE oadk

f the - i pheral i f dapt 6l i ted t h | i,d .,

SoconcSHHE L3R Fo A SESrARRRRE SresSufe ! tol IAc bRt e ozeﬁl&%? LI

| ; | _ Tl \ . \ Ver

o7t our 1Efat fn Sob! EreSEyETRChy) WIBARd 6l dr PO . kb ROYCIRE( Phificro-

the t W, /BhOssyR! V@S1ivers a signal through the peripheral interface .
v

adapter 61, the one-shot multi-vibrator 74, and the decoder 71 to

10 open the first motor valve 67. When a signal is received over

the plunger arrival sensor through the operational amplifier 62;

the flip-flop 60 and the peripheral interface adapter 61, the

micro-processor again causes the first motor valve 67 to close

and, simultaneously, the second motor valve 68 to open for a pre-

15 ‘selected "exhaust ﬁiﬁe' period of high pressure production flow.

Thereafter, both motor'valves 67 and 68 ére closed for a pre-
programmed "off time" éeriod and the cycle is again repeated.

The system also includes a "pressure override® feature im~} '

both modes A and B so the pressure transducers are connected

20 through operational amplifiers 64 and 65 so that after an on time

has expired and‘the tubing pressure is still above a pre-set high

limit, the well will remain open until the pressure falls below

that value. Similarly, if after an off time has éxpired. the

tubing préssure is still below a lower 1limit the weil stays

- -
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A plurality of external inputs are connected to the input of the peripheral -,
I nterface adapter 61. A signal froma plunger 10 arrival switchis '+ .
connected through an inverter 62 and,a flip- flop and 60 to provide a TN
pl unger arrival signal when the pﬁbgéer has reached the top position
tubing. An "on time" is pre- progranmed into the controller so that if{t
pl unger does not arrive to cause a plunger arrival signal by the tine t
"on 1§ time" has expired,' the controller will automatically cycle and
cl ose g-he first valve and sinmultaneously open the second valve. After the
passage oflasede-selected tinme period following a plunger arrival, a signa
Is placed on the plunger re-set | ead which resets the flip-flop 60 and
enabl es it t Rekering snexty 20 thepbchematdry idiagrsaim sHowm imMeFIGS! TAG! 2B
An air pressure fail signal is also coupled through an inverter 63 to an

i nput of ae PiGx 6 RTAANGEd gfPhr cebewinandas ovshoessuthete insdutke s miero-
con- nected as in g%i to the PIA and, respectively, provide indica- tions

t hat theﬂrl?nﬁeri?‘i#) ut® FenBecked fo\Re Airbeepvwby ap5@0sdBsciakbok adubeer

In@dditiqn,  a battery fail. signal .is coupled through an operatjonal
anplifi eP(}gé’f"g’ng‘asc‘d}%eﬂ e‘as?blf'ﬂg° ePlpRengected. ity ifekinefior @ir-
| ead whil g . tery.lo I.gnal, of a, sQne t greater. . voltage than the fai
i s connec‘::'(t?le1 ?ﬁ t‘é‘hﬁhg%* r}t%trooﬁjgﬁlobgf:gﬁl §ital? g#rp@ii EFYgé"E as’ iheagross
| ead. As e;jgse h I QuI : | &S 7A, 7B and _{C serve to route
si gnal s t‘%qgr?g %?oerﬁbtmﬁe‘g@rﬁ%? o-capr%%%éggroga%?'neava?ral%atnusogerﬁ%leﬁsaTcm"ecr'ed
componenicapalitis 1 e PeahBNCSBE 1dHE" hACCiRY8PEBhg! Camplifier 9le.  The
R

micro-processor 51 is Connected to the memory decoder 57 by leads
10 comprigsing the address pus 56. The output of the memory decoder
57 is connected to the memory 54'by address leads 93 and con-
nected to the peripheral decoder 58 by a single lead 93a. The
output of the micro-processor 51 is also connected by means of a

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

15 the memory 54, the r;al time clock 59, the display drivers 81 and
82 (FIG. 5), as well as the keyboard encoder 76 .and the
peripheral interface adapter. 6l. A memory decoding latch 57 is

Kv/ . provided to demultiplex the data and address buses from the out-
| put of the micro-processor: Sl.' - The memory 54 includes a RAM
20 memory 94 for the storage of measured parameters and keyboard
éelectable programmed data, as well as a plurality of EPROM'S 95,
96, and 97 for the=storagé of program control for the micro-
processor 51. The keyboard encoder 76 is connected to the

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

-
- 4 -
-



Ct operation as set forth above in connection with FIGS. 1 10 and 2.
A pawer save circuit 83 consispdgof a pair of intercon- nected flip-flops,

s/ and 83b havi ng OR gates connected to each of their reset .| eads. An
outpuf fromthe keyboard encoder 76 through OR gate 99a is coupled to the
first flip-flop 83a. An 15 output fromthe real tinme clock is also

connected via the CLK lead to the other input of OR gate 99a-. An out put
fromthe set lead of flip-flop 83a is connected through anot her OR gat 99b
back to the mcro-processor as the W | ead. Qutput fromthe flip-fl

83a and &be memeryindét @3 twaeblghsatpe rorsfiENCIUSINaP083 ﬁg!gﬁh&ﬁrvixhon
and | OCb which are connected to drive the display. One of the gates 100a is
connecte@ﬂnrﬂﬁ|QQ§¥ﬂE°Frneﬂﬂﬁ(ﬂ?%ﬂﬂ%ﬁpfl5§ﬁe§36hpaﬁaaéfﬂﬂﬁﬂq Y adppter

col on whitn HureRPReChed SRcRoERD & aaEReld  deroRer Ik, 8snmeline Chroush.

LPSLE?Z@? %ﬁ?s i T R |5?§ R R GG e S
fﬁémevéﬁ " s.g‘??;h“j Fpafibh? A Bt J8°pdlefany’ §rI9RE RN 74 Cape
time clog £E£8UgBS +3p Gl A iheaSiilead Bus % 2 £ 86 o

i's recelved throu gate 9 e power save circurt rIs Swi tched ou
power saﬁgtggdggyyggxwww is delivered to all of the conponents for
operation and eval uation of the status of the system

A plurality of external inputs are connected to the 1nput oF
the peripheral interface adapter 61. A signal from a plunger
10 arrival switch is coqnected through an inverter 62 and a flip-'
flo§ and 60 to provide a plunger arrival signal when the plungér
has reached the top position in the tubing. An "on time" is pre-
programmed into the controller so that if the plunger does not
arrive to cause a plunger arrival signal by the time the "on
15 time” has expired,” the controller will automatically cycle and
close the first valve énd simultaneously open the seéond valve.
After the passage of a pre-selected time period following a
plunger arrival, a signal is placed on the plunger re-set lead P/
which resets the flip-flop 60 and enables it to receive a néw
20 plunger arrival signal on the next cycle. &aAn air pressure fail .
signal is also‘coupled through an inverter 63 to an input of ;he
PIA.Sl while high pressure and low pressure transducers are con-

nected as inputs to the PIA and, respectively, provide indica-

tions that the tubing pressure is either above or Dbelow

- %( -
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Multi-Controller Operation Referring nowto FIG

3, there is shown a schematic drag%ﬁg of a plurality of plunger lift we-~s1.f

cbnpl etions 101-106 and which are
controller 26 <constructed in accordance wth the 15 t eachi ngs
the present invention. Each of these wells may illustratively include

controlled by a well production

borehole 12 extending fromthe surface of the earth down to a producing
geol ogical formation which is lined with a tubular casing 14 which is
perfor&ted in a region adjacent the producing fornmation. The well also
I ncludes a 20 string of tubing 16 _connected fromthe r %IOH adj acent

the per-PR&T881eFked, Y%“%‘Elrfacé“anﬂ AAtdAnaxt BndRAYRRTY hr

t he casin
tubing i

#ignadp 4s
t.hr h a T d | u t 9 T | d of
o194 - hedugh an, bpers s\?glalgﬁaﬂpﬁr# ferro esﬂﬁxgébﬁ C£8: the®

I s nmount e

vel|'s Cff%lﬁ%%gflgf%%ga%&yv%é%p% ?I alﬁ%f %%nfxzeéfg‘f’gae 19 us??é?ég low
purposessu%{gell P? QU LAt %a@aggealt%‘ﬁ‘ ‘Yol VesJellghﬁgQ?‘ét%lf eerEBhKE

t hrough a ©on a plur otor VAl 0 a comobn nani
g, el A o B, g g
t2 |6vel y, Whi ol 8¢4n CBENSEEAT the %ri%%tmryta tmg»elnprvﬂusﬁaowcgewal ke
route signals to and from the mxcro-processor and the various
k;}"peripheral components throuéh the peripherai intérfacs sdapter to
effect operation as Ses férth above in connection with FIGS. 1
10 and 2. "
Ths power save circuit 83 consists of a pair of intercon-
nected flip-flops 83a.and 83b having OR gates connested_to each
of their reseﬁ lesds. ” An output from the keyboard encoder 76
thfough OR gate 99a is coupled to the first fiié-flop é3a. An\
15 output from the rsal.time ¢1o¢k is sISO'cbnnectsd vié the CLK
lead to the other input'bf OR Qaté 99a. An output from the set
lead of flip-flop 83a is connected through another OR gate 99b
K/..'back to the micro-processor as the WK lead. Output from the
flip-flops 83a and 83b are ébnnectsd through a paif of EXCLUSIVE
"OR gates 100a and 100b which are'connecﬁed to drive the.display.

20

One of the gatss 100a is connected to drive the time colon which
flasbes on and off while the unit is in operation while the other

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

"when the system is in power save mode and indicates that minimum

-



e to the expense of providing supply gas and/or conpressor 10
~gpaci'ty in renote |ocations, ii: Is frequently desirable to operate
Xy -one of a plurality of vel | §2ake a particular tinme period, The
centroll er of the present invention 26 serves to sequence a nultiple of

|l's between an "on" and an "off" state, each for a pre-selected tine
period of "on" tinme and "off" time 15 in an orderly fashion. That is,
by entering the "on" tinme and "off" tinme for each of the plurality of pwells
in the array, the controllér will performan orderly "queing" functiof'to
turn t hpowet| 4s0ibeingecpmsumedn adrorpower savh modesc@ENtprbc@s§6F iand
which the wells each reach an expiration of their "off" tinme. 20
Ref erriamalog fasrtigéns ave powediedhldown sxgiept sthose néecessapyayo7madh-
FIG 5, with al phabetical .characters H E, L and P to indicate both alarm
condi t | xbn amemeriyc And seasentialdd digitall operations to icrhsereet power.
The status portion 78a'indicates the condition of the cycle of operation of
the circuit as either ON TIME- P or @&oF the \gvenkt ofhi3 esignal from

bg”f‘hrg%s%rl Fﬁsdi%vﬂo:wé“e,'eaéégaé?ii} P é”ﬁ%“&ééﬁ%ﬂm%ﬁ?%%;?agéiﬁkz d
' [ ' [ 78pb. 5 . t [

Y he ERPOHATE EaRRE Bl MR hea e vany £V T SURRE 35 SRR PR

ProssCRosiRIoaRE, BBKL Vink) Qhwet oV Rifilis 1 JUPEEUER Bop' Reybbueke,

236 andgfvdupBiadl dfdi powed ishadiavdrdd ato Rl of TheeCAdifonénts fo;u

operation and evaluation of the status of the system.

10 Multi-Controller Operation

Referring now to FIG. 3, there is shown a schematic drawing
| of a plurality of plunger 1lift well ¢ompletions 101-106 | -

S | .'aﬁd which are all céntrolled by a well

production controller 26 constructed in accordance with the

15 tégchings of the pfesent inventibn. Each of these wells may

illustratively include a borehole 12 extending from the surface

of the earth down to a ;&oducing geological formation which is
lined with a iuﬁular casing 14 which is perforated in a region”

adjacent the .producing  formgtion; The well also includes a
20 .string of tubing 16 connected from the region adjacent the per-
forations to tﬁe surface and thch extends out through the top of
the casing through a-flow *r" 107 and é iubricator 29. The lower
énd of the tubing is tetminatéd by a tubing stop and a bumper

spring and a plunger 20 is mounted for reciprocation within the

"



10 time key such as ON TIME key 236c is depressed folloméd .

nuneral keys to programthe tinme into the nenory. Each tinme period oY -
programmed requires the full sequenceCLf[b be repeated, nanely,, PROGRA
VELL NUMBER, nunerals to select the well, ON TIME or OFF Tl ME keys anc

nunerals to select the tine. The 15 sequence is repeated until all on
times and off times for all wells has been entered into the nenory. The
operation of the controller 26 in conjunction with the nultiple well
configuration of FIG 3 wll be explained in further detail bel ow.

20 tubing. Each of ERbi Welila0 deripleéticis QW-@Oé’rhf?f@éréi‘ﬂeﬂeYVaify

FIG 4, there 1s shown an illustrative sche- matic draw ng of a plunger

lift oi | Mpddt{cwp! €broildiusdraitive t Pobpostsl| Bhd LneNbutput e daéhetlow
well is operated in accor- dance with various neasured paraneters by a well

producti cfr® 1@Dntisoldomnetfted, Thespettivelydearsubnr ah@dre I6¥ ext phdrAlity
fromthe surface of the earth and havi ng a tubul ar casing 14 extending from
t he surf aife movort walvesrblilielh§ tor matc¢ammaen manifopdr 11f7orcmnmected Boeca
formed to all ow the passage of fluids and gases fromthe formation into the
cadl ng 1separater| 28| and m| gaessales lina 1329 oEachbiofy the \iwtor i valves
ternlnated at_the lower end by a tubing stop 23 and a bunper spring 24. A
reci pr ocakdikml 8 urﬁj@ EGti-@tﬁéunPEd 4 oPaidy eREntsakenpids t 123~ 1dbrecEe8ReAp
and down the tubin The upper end of the casing is closed at a
“vel | head tivedy, n¥W *ﬁPoFFﬁﬂl ?%ﬂrSRFa°E§€Fth"o%QJﬁ?QLﬂﬁ production

. . controller 26.

~ Due to the expense of providing supply gas and/or compressor

10 capacity in remote locations, it is frequently desirable “to

6perate only one of a'plurality of wells at a particular time

period. The controller of the'present invention 26 serves to

sequence a multiple of wells between an "on" and an "off" state,

each for a pre-selected time period of "on" time and "off" time

15 in an orderly £ashi;n. That is, by entering the "on" time and

"off" time for each of the plurality of wells in the array, the '

controller will perform an orderly "queing® function to turn the

L/ wells on in sequence in accqrdance_uith_thg sequential order in
which the wells each reach an expiration of their “"off" time.

20 Referring to FIG. 6, the LCD display is similar to the

display 78 of FIG. 5, wzth alphabetxcal characters H, E, L and P

to indicate both alarm conditions and circuit status, and numeral

characters to indicate times. The status portion 78a indicates

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

- g



10 - which includes a lubricator 29 to receive the plunger 20 when it is
A\t S upper nost position. I n addgikg a plunger arrival sensor 30 is
ded to indicate when the plung s in its uppernost position. The
r end of the tubing includes a flow "T" 130, the output of which is
cornected through a notor valve 15 131 operated through solenoids
132 by the well production controller 26. The output flow line fromthe

notor val ve 131 passes through a tenperature flow and pressure Ssensors
133 and 134 into a separator 135. Actual tubing pressure and tenperaure

t d th d 39 d 140 whil,e transducers
ilg ggglql’m%to OrasPﬁgrg’ gts]s%& anct nﬂé?’a?t%pé: fﬁéalﬁihﬂrﬁ ftl-'-g\ﬁ f A86m
th h t d fI t t d by -
Sonsor & aéhPhm@hega ¥ | BURELS' hEanbEET AL SPERpas” (8 QiTlav Sech i ons
f th 5 t nd fl ow rate
sencor s 18872785  ant 1%%"“?3%%##%%;1 ‘sal e He11 B ?-%%L*“ efly opdiatia

The out gy ﬂfxeeééﬂtPBllQE R%”Bﬁb%uri% FUASYH Saind  flow rate sensors
are connected to the wel production contrcﬂqer 26 and each supplies a

megsured valpiet B9stlem anpibgrhma&dli‘iﬁrthé aﬂgw-z:ehbycdm?c@mi%ﬁeas
It should be cl that in other aspects of the invention, the wel ramet er

moni - 1(EolléwsingFiratsduher PAUSE kbk34,230d i3Gpriedssduts beoﬁetaét efeta-

measure ot her desired paraneters, e.g., oil/water ratlo and supply that

i nf or nattiion t ©ft heheoncinth bt 2ih f whatevexpestiateg it is in. Next, the

| PROGRAM key 236a is pressed followed by the WELL NUMBER key 2361}
and a numeral to indicate the particular well. Thereafter, a

10 time key such as 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 repeated,
namely, PROGRAM, ﬂELL NUMBER, numerals to select the well, ON
TIME or OFF TIME kgys and numerals to select the time. The

15 sequence is repeated until all on times and off times for all
wells has been entered into the memory.

The operation of the controller 26 in conjunction with the

multiple well configuration of FIG. 3 will be explained J'.Hr“'l

further detail below.

20 ' Optimizing Controller Operation

Referring now to FIG. 4, there is shown an illustrative sche-
matic drawing offa'pdunger lift oil well'comp;eticn'similar to
those of FIGS. 2 and 3, wherein the well is operated in accor-

dance with various measured parameters by a well production

- 24 -



the well or wells. Based upon established principles of reservoir

engi neering, 15 there are certain pre'Zf&re/fl ow relationships in a
conple- tion which relate to optinmumproduction fromthe well.
exanpl e, it has been determ ned that by calculation of the |deal Tubinyg
Pressur.e fromestablished rel ationships for a well, an operator can conpare
the Actual Tubing Pressure of that well just 20  before the well is
opened and adjust a conventi onal intermitted tinmng cycle to achieve

opti m¥na production fromthe well. That is, by flowng tube well for a :
| onger memtxpXier sR6tti nBhet well oingludest & berebele 1R w¥repding from
t ubi ng pressure is greater than the cal cul ated i deal pressyre /

fle;)\_/\n'ogg ttb%dw ﬁatcfQ)rOE thle[EFF Fhs HB?; 8AVIAg (?ld;- thu t‘t'??ﬁf‘?tf{]ﬁeﬂ?%ﬁﬁ‘éing

i od, produc- tion Jeve near ' . .

DO e sk bowna e b B P HE A4y g P pee-

Lo ad udokaniont; is"arE Eorbediis afiow’rhe pHSEAGH W FTAVIAY O0F Bhis

i ncl ud h LLi . . , i cal | i . -

fl ovv:’J prezgés?_ige . gﬁ?bgé‘%ﬁ §E‘er"g‘g$a§{e'{élercao§yg ;Egr' )r/ml‘rﬁgav\%/}e% Ilg%alnéd&glé%ﬂ%l&#iéng

the Opefﬂfﬂl%b%e%ﬁfﬁ%t hy W hesUserHiddtGedORE! XA YbEES énd 1y a
pre- ot f the -

al“gori t hns programed I nt e processor and the result o

pr ocessQluiSi wt! t 1 001Sa il da d 8 GimPedN s ' bl i g NBDUR
operat i 8;\“%#&2 \%EIBP t?a%hi eee_ ohﬁe(.}nrrum%{ic}}j%ctg?gn ?Eo%émocs@ 9"p ger

20 is mounted for movement in a vertical direction up and down

— the tubing 16. The upper end of the casing is closed at a

wellhead 18 and has progruding_therefrom a section of the tubing

10 whicﬁ inéludes a lhbricator 29 to receive the plunger 20 when it

is. in its uppermbst position.' .In.additiOn, a plunger grrival

sensor 30 is providéd to indicé.t_:e when the plunger is in its

uppetmost position. The upper end of the ﬁubing'includes a flow

*r* 130, the outputlbf which-is:connected through a moto?_valve

15 131 operated through solenoids= 132 by the well pré&uction
controller 26. | _ S

K;/ | The éutput flow line from the motor valve 131 passes through

| a 'temperéture flow and pfessuré sensors 133 and 134 into a

seéarator 135. .Actual tpbiné pressure and temperature are moni-

20 tored through éransducers 139.and.140_while transducers_145 and

146 monitor casing pfessurel ana'ltemperature;_ The Liquid flow

from the separator Alsd has ﬁeméerature, pressure and flow rate

monitored by sensors 136-138, .r.espectively. into a storage tank



@ i ndividual well or an entire field of wells based upon actual operating
oRdi tions. 15 Purely, by y of exanple, in illustrating the use |

of 'the well controller of the presen G’nventlon shown in FIG, 4, a NET
PRESSURE can be determ ned for a particular well by means of the follow ng

rel ati onshi p: .CASI NG ' AVERAGE FLOW NG NET 20
PRESSURE SEPARATOR PRESSURE PRESSURE For each wel |,
there are nunerous factors which determne the rate at which a pl ungeul
completion will cycle, such.as depth of the well, gas/fluid ratio,

gr adi ant flui radi ant_. and_casi ng and tubin . _That is

particul &8wel I TRE| 193%,i £3o%W §FOP; LR SeAARA 9‘Fe iSSer@%?YSSlH’TrQﬂ%t teg-
nove t he er to the surface.a rem) e a | oad of ui .
Char act oReTAbiTe, Pifetre, cand” Siok” Fate. hentbrs ks nEtZp 808 3434 into

V\:hIChth wel | cycl e wi t hout arlsk of the plunger getting stuck
5 egrﬂsaéieleg iA‘?:%é%R as sone two digit fraction of the 'NET -

PRESSUREA s experinmentally determ ned and programmed into the system A

MAXI MUM FLU D PRESSURE i s next determ ned: NET FACTOR
MUM FLU D x 10 . THR ‘of each of the tem erature PREesSRE
| DEAL TUBI NG CASI ﬁG M FLU . PE e

and flow rate sensors are connected to the well production
controller 26 and each supplies a measured value thereto when the
transducer is energized by the coutroller. It should be'clé‘)
that in other aspects of the'inuention, the well perameter moni-
10 toring transducers 193, 134, and 136-146 could be selected to
measure other desired parameters, e.g.., oil/water ratio and
supply that information to the controller 26 for.use operating

the well or wells. | |
' Based upon established principles of reservoir engineering,
15 there are certain pressure/flow relationships in a well comple-
tion which relate to optimum production from the weil. Por
example, it has been determined that by calculation of the Ideal
Tubing Pressure from established .r.elati,cnships for a well, an
operator can compare the Actual.Tubing Pressure of that well just
20 'before the well is opened'end edjust a conventional intermitted
timing cycle QB achieve optimum production from the well. That
is, by flowing tube well for a longer period (or shutting it in
for a shorter period), if the actual tubing pressure is greater

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



PRESSURE PRESSURE PRESSURE Thus, the controifer\ - -
periodically energizes transducers to 15  neasure the various -

paraneters necessary to determ ne an BRNEAL TUBI NG PRESSURE and the SALK
LI.NE PRESSURE. If the sales line pressure is less than the ideal tubing
pressure, then the well should be opened for flow, if not th well should be
shut-in. The well production controller 26 of the 2q e Lﬂyegghgn jquapng
enbodi. nent shown in FI'G & nomitdres thrd tadi 1y préssire’ by freans of i

L1 ansiucelantdber Nfebi ! 10:> G g PLESIY 3V SPA0R00E BedIRULC o,

and the tubing pressure throu ransducer: The” s e

for a par il Vel dedisse 10 Eb8 B hhYe9balhe well to Iift a col um
of fluid and as a function of the gas/liqu%g rgt%g and progranmmed into the

control | ed memwwever Theheel prassdreyEBwcore1 ot i 8asREpsal £l &t e§eliN&hange
I deal tubing pressure in accordance wth the aforesaid algorithns an

conpares itto time sahds mayevaressubgtantiallys Ford &t pareneduaer wedd asuh-
in the event- the ideal pressure rises above the sales |ine value, the notor
val¥e 13lweemcviaied tby oagh spéravtors ti32adgusperthidietiflihgarsyqiegiit The
production flow therefrom 10 Referring nowto FIG 6, there is shown a

bl ock di agoarrsllesyoferhheopsesentedinventimmoidaliodeswitine thpability of
invention for the operation of the well control systemshown in FIGS. 3

and 4. | Regalardy ar cycldcaldivenmeashgdeg athe creamians s fdow/prefsunsy tem-

a
perature parameter of one or more wells and controlling the

W operation based difecﬁly upon the use of the monitored values in

10 algorithmé prg-programmed into the processor 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 coﬁditions. |

15:. Purely, by way of example, in illustrating the use of the

well controller of the present invention shown in FIG. 4, a NET

PRESSURE can bg determined fqr a partigular well by means of the

following relationship:

CASING ‘ AVERAGE FLOWING . | . NET
20 PRESSURE - SEPARATQR PRESSURE | | PRESSURE
| For each well, there are numerous factors which determine the

rate at which a_plunge: completion wili cycle.'such as depth of
the weil, éés/fluid ratio, éas gradi&nt,'_fluid gradiant and

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

- -



- clock driver 152 which is connected to a line driver 157 by means of

1ddr ess bus 156. The m cro-proc or 151 is al so connected by neans of a

a and address bus 153 through a line driver 150 to a menory 154. In :
addition, the mcro-processor 151 is con- nected.to a demultiplexing |atch
158, the output of which is con- 20 nected to the nenory 154 via the bus
177 as well as to the real time clock 159 and a system decoder 200. A bus
system 201 con- nects the - system decoder and the real tine clock to a .
peripheral interface adapter 202, having a plurality of inputs. A |ow
vol t age upetpréssurectromk the cesemicir touffibcieptt tof move Fhearplunger to
operational anplifier 203 which provides a | ow battery voltage signal for
t he analthe csucfaceyapdnalempimtaclopdt ®ft HEluidpuaton dhagaatiqphistic rate
interface adapter 202 while a |ow voltage condition to the digital
circui t apd theget dis baomer \percentageecofedthe hnetglpresswrer ati owhdich the
amplifier 204 to provide an indication to the gerhpheral i nterface adapter.
An out pweXd ovi bl ce¥ehg presswidhquthstiueiski of cShgeMlamgernge e Mdastuols
t hrough an operational 10 anplifier 206 ana an anal og digital converter 207
t@ the p& itherBidadearf R FAGIORcrapo9ome; fwoydigitntragtion @f tiehei RETs
208 fromwhich is .connected a flQw |ine gressure t ransduce; i s connected
t hr ough PRESSHRE: i8npXBRRAREPEALIYO aﬁﬁ Fpingd; Apd cd?ﬁ&qq’é?“‘?‘i &9 nple

of system.

A MAXIMUM FLUID PRESSURE is next determined: o
| | | o/
NET FACTOR MAXIMUM FLUID

10 PRESSURE . : PRESSURE

and
' IDEAL TUBING CASING . MAXIMUM FLUID

PRESSURE _ PRESSURE = PRESSURE

Thus, _the controller periodically energizés transducers to.
15 measure the various parameters necessary to determine an IDEAL
TUBING 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 th\) ‘
well should be shut-in. The well production contréller 26 of the

20 invention in the embodiment shoﬁn in PIG. 4 monitors the casing
pressure by ﬁéans of transducer 145, the flowing separator
‘pressure by'_means' of transducer 142, éhd the tubing pressure
through transducer 139. The.factor is esﬁablished'for a par-

ticular well based upoh the ability of thé well to lift a column

- -
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15 the peripheral interface adapter 202. Iﬂ addition, the output of a o
tubi ng pressure transducer is connected ?b mtermnals 210 through th L

operational anplifier 211, and the A to D converter to the input of t
peripheral interface adapter 202, provide substantive measurenments 20 of

t he precise values of casing, flow line, and tubing pressures any tine
‘these transducers are energi zed. The casing pressure, flowing line
pressure, and tubing pressure transducers connected to term nals 205,

208, 20 and 214 may be transducers 145, 134 and 139, 25
respecti vff yflwid @ as &Anfencpionf odmthlec gas/lilgerid rattier faack: mdantammed
202 is connected through a switching transistor 212, a field effect

transi st dmti 3thad contaediled bmemery.r eglhet selll praduscppdy cohtzgd lex t 26
transducers over ternmnals 214 to power the trans- 30" ducers and produce
an out putcalanitakes ndihant ildeads tHdingspPreissare edsurascordangat Wit athe
"digital" pattery.is 8ro i ded to | eads 215 mgich are connected to a digital
battery ﬁéﬁﬂ%ﬂ d 33gorREhpg; ARA FOMPRERS pdfert® afhe ofalpa diifiq pressure
conmponent s necessar Q5 .. retain nmenory, and continue regular operation.
A s@8par af AN B§t§§F¢%4¥ﬁﬁ%wfﬁgdaP§3 &ﬂmﬁh%geYﬁ%Eaﬁ&FOQQﬁﬁﬁxﬁﬁﬁﬁ%ure

such as 11 dy e ERENSUYCET $1300al Q0O RHLHINOUAN v HOHETL S WG natea

circuit e nore |y explained b second peri phera

interfacqARF sSliéndsad’ Pyded 8pdn! Rfe well and permit production flow

therefrom.
\;
10 v
| Referring now to FIG. 6, there is shown_a block diagram of a
system const;ucted in éccofdance with the’ iﬁventioﬁ  for the
operation of the well control system shown in FIGS. 3 and 4. 1In
particular, the system includes a micro-proceésor 151 driven by a
15 clock driver 152 which is cohneéted to a line drivef 157 by means
of an address bus 156. The micro-processor 151 is ‘also connected
by means of a data and'address bus 153 through a line driver 150
L te a memory 154. . In.addition,_the micro-processor 151 is con-
nected to a demultiplexing latch 158, the output of which is con-
20 nected to the memory 154 via_thé'bus 177 as well as to the real

time clock 159 and a system decoder 200. A bus system 201 con-
nects the system decoder and'the-réal'time-clock'to a peripheral
interface adaptet 202, having a plurality of inputs.

A low voltage detecting network is connected to the input of
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1 connected to actuate one of a plurality of solenoid drivers 221-226

@%9( © output of which is connected through a bus 220 to a sol enoi d decoder

i ch control the plurality of motor valve in the multiple well
of FIG 3. A lowdigital battery voltage detection net wor k

enbodi nent

231 is connected through an.operational 15 anplifier 232 to the input
of the peripheral interface adapter 219 while a dead battery detection
network 233 is connected through an opeé?tional anplifier 234 to anot her
i nput of the peripheral interface adapt

235 is connext e@bemfaicpthhgemphifimlzmeteniom léfdfﬁdéé anﬂo@rbatdeﬁyZO

a signal

thy

ig :tgilggg o] 3 i cat riyval_.of
the upper portion” of ti% % E?ﬁgg o Fﬁgﬂo rl(éherat nt §QQ&%98%§£€%?Y
An air presst®ethgi | LpRubetat Ghej sP%%hthl edrtt@rtfeacm natlap3@ran202

provides a sjgied Lo 1dwe @@Iw@@rebnam%ﬁa% agRpt &figd il Ne Ip&fv?gt of a
failure of t{}iJr Q%hessed air. supp oper at es the not or va

mul ti - charac

PRIV aﬁsﬁw%tleﬁ s thrHatedani tPPer phi Pnat

219. A plunger arrival termwhal

di spl ay dri vaattpl:?ﬂ:?e:arab42480 pPobidesyat @mddRitiBheto GEgss Sipher 4l spl ay

drivers 242
236 to dlsplay Th

Furt her,

of menory suchascdUELVi OUsh Y PLOR TR 3 5®SLiRs,

araneters wthin the systemand the curr

neasur ed
of the c

é%é%é()é% e board encoder 5 245 whi ch decodes a keyboard
OF et T on- ehtoded by the keyboard into the nenory 154.

t he optAraloudipyd ayfreal maycheingi | presistoe obseavedvaer oussit ens

15

20

AR Ik eIl e AR naRt 3naL 08 ﬁlshéabo@erxvsawer 207 to the

‘peripheral 1nterface adapter 202. Similarly, an input

from terminals 208 from which is connected a flow line
pressure transducer is connected through an operational
amplifier 209 and the A to D converter to the input of
the peripheral interface adapter 202. In addition, the
output of a tubing pressure transducer is connected from
terminals 210 through the operational amplifier 211, and
the A to D converter to the input of the peripheral
interface adapter 202, provide substantive measurements
of the precisé.values of casing, flow line, and tubing

- pressures any time these transducers are energized. The

25

30

casing pressure,' flowing 1line pressure, and tubing
pressure transducers connected to terminals 205, 208, 210
and 214 may be transducers 145, 134 and 139,

respectively, of FIG. 4. An output from the peripheral

interface adapter 202 is connected through a switching
transistor 212, a field effect transistor 213 and an
analog Dbattery regulatpr 216 to supply voltage to the
transducers over terminals 214 to power the trans-

d@’lt op er%é%gé gﬂ#

es of

U
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circuit 250 which are adapted to reduce the power consunption of the
controller during nost of the tine operation of the system That is, the
power save circuitry 250 operates t wer down all of the non-essenti al
functions which consune power until a signal 15 is received éither from
the real tinme clock on a periodic basis or froma keyboard entry indicative
that the systemis being programmed or queried for information. Ei t her
of these two events serve to pomer up the systemto nmake neasurenents and 9
i f any~action needs to be taken. - It can be readily seen how the

ﬁ;ﬂ{ E}Sl ' Suddie ohd phoduce 38 KGR ?@%ké{%ea%%@ f@e%”%]%ét‘gﬂ “ob LoepEeRnratide
Ne 236 {0,

Phat 't ho Beefabfre, " dnmf CPPEm & HLLAYS "orEYRRP] do0 HrdfiddH! €8 Teats

conf i gur a3] @nyRRER! NG t B REAEEAMESYa ﬁ?x%éﬁﬁkggyp dé:{lﬁ 217, the

controller to receive In ornatlon key 2

nuneral k@yepae éﬁ'ﬁﬁichhﬁoWBkb and %E QMéﬂdﬁéfﬁﬁlzﬁgﬁbéﬁeﬁff Ké@gs§§¥y to

236d are used to assign a well nunber and "on" or 5 ‘of f" times for

thab wel lretdi® fehbry @nd ecd@ti@@eatedu&at opeltaltiih .ON Kagpidehte afalog
| ocation within nmenory 154 is allotted to provide for the recepti on of

keyed i n batberyaid tprévidédr foiri qpoweringclthel dnelo®t ebmponentslidudibas
of the six wells 101-106 controlled by solenoid drivers 221-226. Each
well is gmenpa:elﬁure tuahedudesisgnand orisandpet aeedaftharqugin aorpowernesawe
an "off" time is keyed into the nenory to be associated with each mell
\v) circuit which will be more fully explained below.
A second peripheral interface adapter 219 is provided and the
10 output of which is cofhnected through a bt;s 220 to a solenoid
- 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 embodiment of FIG. 3. A low digital battery
voltage detection qetwork 231 is connected through an operational
15 amplifier 232 to the input of the peripheral interface adapter
219 while a dead battery detection network 233 is connected
through an operational amplifier 234 to another input of the
peripheral interface adapter 219. A plunger arrival terminal 235
is connected to a plungef arrival detector (FIG. 4)'and provides
20 a signal through flip-flop 236 to indicate the arrival of a
| plunger at the upper portion of the tubing to the peripheral
inte:facé adapter 219. .An air pressure failure detector is con-

nected to terminal 236 and provides a signal to the peripheral

interface adapter 219 in the event of a failure of the compressed

- -



1Wrch particular wells have tined dowa‘;o conplete their "off times" and in, .
at ‘'sequence they tinmed down and were 15 then ready to he intermtted
into the "on" state. Thus, only one of the well notor valves 111-116 is
actuated at a tinme but each tinme that one of the wells 101-106 "off tinme"
has expired, it will be then placed,in, guyegtial queue with the other
wel I's ready to flow?n $%&" or d%r g’?‘n Yo gﬁs':?hei? "of f times" were over ;20
Mot or val edx are sequpentatées fhdr moeort vallkes’.on” state to opeﬁ'a
well in accordance with the well's position in the qu as determ ned by the
m cro- processdv mati<4charactesol pguidadriystadedibplayh4doriter gdcoridadtwinh
of FIG 6 serves to operate the optim zing production control system of
FIG 4. @fadF of odisplayndrdversub?sd prds@ddes abebusasysséem 20l inter-
transducers which are periodically, energi zed by _neans of power on termnals

3\%4 to prG&&E@cdﬁéaﬁY'ﬂ%d:\}élﬁ}éYr b‘é?FElns“(?n L 2|r11'3nati% QOS?YE’G&Fdarﬁi‘%ClQFr
i | ' - i fi 206, 209,

P11 5t ne 205 HPASH RBEPaRSC A ReThrRB]; 238, ko [Rlspla¥ ) Rasaruatian ShFoded
d 202 t o, t he, i 151, With h th .
i of opr oo B8sof hs <GLPRREAT, ABESS End ey a ¥ oscuFRtEREecor b P ga
the exenpha@b%g.'ﬂ%i%ggg?etbé %&{i%a%\ae-to BBaEegFeWi&r@t iipﬁs of memory

cal cul ati ons upon ese neasure ues exceeds € measure

tubing salggeh 4 PEEFSHEELY! BRoyRafittd] ind Pl ad20e Pl AR! Q{ﬁr?i@u‘ée vathes o

(FIG 4) is driven to the "off" state. If the sales I ne -
measured parameters within the system and the current operat&a@

<§§3ﬁ addition, a location with in the nmenory 154 is allotted for storage of

10 status of the controllér; The components within the power save
circuit 250 which are adapted to reduce thée power consumption of
the controller.during most of the time operation of the system;
That is, the power save circuitry 250 operates to power down all
of the non-essential functions which consume power until a signal

15 is received either from the real time clock on a periodic basis
or frmé a keyboard entry indicative that the system is beinQ
programmed or queried for information. Either of these two
events serve to power up the system to make measurements and a‘) :
if any action neéds to be taken.

20 It can be readily seen how the controlier'system of FIG. 6
serves to operate the multiple Qéll production control system of
FIG. 3. The pause key 236e is actuated to Stop operéticn'of the

controller. Next, a code is entered via keyboard 236 to indicate

that the controller is to be used in the'multiple well control
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pressure is greater than the ideal pressure, a signal is given by the w-ﬁﬁ?"
m croprocessor 151 to open the nmotorjval ve 131 by neans of 15 sol o
driver 220. It can be seen how fromthe illustration on optim zing we
conpletion of FIG 4 and the circuitry of FIG 5, that as the

sophi stication of reservoir engineering increases to be able to quantify

the rel ationship between one or nore of various wells, 20 al gorithns

can be witten with which data can be evaluated and a deci sion nmade as to

heh ovo SRR EhnERbSant s ?Pﬁ%#?ﬁ%%pf’%ﬁéﬁ%”#“ﬁéﬁéﬁtE.;te&,s%rq‘iéﬁaé%rseare
FI GS. 8A: ) i . i . dj y

| ust rat 2| SoptEaR el S0 WecR Vel TR pfmariBh 20 8" Ry SNERA kv, 2360
drives a &' PREACRERRrald kd¥s td eééi)é}é Otk weY Rdd Pén  oVrRME icre&g]rztf%%%

m croprocessor 151 on the address bus 1 I's provided to the l'1ne dri

157 and Sor OFPUPIMBI Re9U 2080 ahe! ded g Hidn 04 $EL1 MThGRBEEOARASCon®S by
flows over the data bus 153. A line driver is provided at 150 to nove

i nfBrmativeffMt eined ok ehatheweIQNOr yrhdbdentyd cpEeBésis Pépaablll for each
together with a plurality of EPROM storage units. A denuftiplexing
latch 158imesonpeachiadelbn Ahdocdtiion bwbthin hemory dswilis pahtiothed to
out put fromthe m croprocessor 151. The latch 158 is connected to the
real ti mprooide186rvthebweceptian \of keped hin mewober 18rkd ahdmehénformation
system decoder 200. Qutputs fromto h

for each of the motor valves 1l11-116 of the six wells 101-106

&

\/ controlled by solenoid drivers 221-226. Each well is given a
10 ..'number designgtion_an%, thereafter, an "on"™ time and an “off"
time is keyed into the memory_tb be associated with each well.
In addition, a locatioa within the memory 154 is allotted for
.stéx_'ag.e pf which particular -_wells have ti_uied down to complete
Eheir "off times'.and in what sequence they timed down and were
15 theh.ready to be irntermitted into the "on®" state. Thus, only one
of the well motor valves 1ll1-116 is actuated at a time but each
~time that one of the wells 101-106 "off time" has expired, it
will be then placed in a sequential’ que?ewit.h the other wells
ready to flow in the order in which their "off times"™ were over.
20 | Motor valveg 111-116 are sequentially driven to the "on" state to
~open a well'in'accordance_witpwthe wgll(s position in the quéf;s
~determined by the micro-précgssQr 151.
It can also be readily seeﬂ how the controller system of FIG.

6 serves to_operaﬁe the optimizing production control system of

')?f/‘



éé%)systen1decoder 200 go both to the nenory 154 as well as to each of the
i"‘pheral s. The nul tipl ex data@pg$ 201 carries data 15 address and
control - information anong each of the peripheral units such as the real
time clock 159, the keyboard incoder 235 as well as the first "and second
peri pheral interface adapters 202 and 219. The analog circuit for use in

connection with the neasuring 20 of actual data in the configuration of
FIG 4 is contained in the analog circuit 320. This conprises term nals
205, 208, and 210 to receive signals fromthe casing |ine and tubings

pr essUPEG! r 4nsduCas sng hr dlowinige lires aandn&ubdimgl igriesrsudds, aféImeasd r2il

whi ch pass through an analog to digital converter 207 into the :

peri phey atransducecre whiphcarz0perindicmlly fenergihzedabycmeans oér powsrs

215 is periodically passed through a field effect-tran- sistor 213 and an

anal ogom)attﬁép}n@égul&é)r tol preducer Beasured vehae dndigationgeroraderot

the pressure transducers to _receive a 5 vaLue.reading therefrom A first
d

oper atmbrals adPPif 288 2689 210, ¥ Gh £EQ RATIRE SR ARFIPIERE RBERGtIONGL

T04 | ARREFELPER (206 allVe A0l ALhioqthe: ARSI BonkPL | BiF LERL pEPVAS ST

| ntor 15007 a8 o oper ieneral RERFEAGEC adibbE, PRz Pub By R

ot oot SERGEABTs, LR gt meaunia . (Roe Pk Bp- BRRRSRE 131 L
mines an ideal tubing pressure in accordance with the exemplary

algorithm set forth above. In the event that the calculations\‘)

10 based upon these . measured values exceeds the measured “tubing
sales line pressure, the solenoid driver 220 of motor valve 131
(FIG. 4) is driven to the "off" state. 1f the sales line
pressure is gfeaﬁer than the ideal pressure,.a signal is giﬁen by
the microprocessor 151 to 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
sophistication of reservoir engineering increases to be able to\J;'

- 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 as to which of one or more wells should be placed
in what state in order to achieve optimﬁm production from the
plurality of wells. '

" Referring now to FIGS. 8A-8D, there is shown a  schematic



peri pheral interface adapter 219. 15 Sol enoid driver circuits
are connected to the peripheral |nterﬁ§h adapter 219 which drives th
a one-shot multivibra- tor 251 and a s noi d decoder 221 to power a
plurality of notor valve solenoid drivers 221-226. An air pressure fallure
signal on | ead 236a provides an indication to the peripheral interface 20
adapter 219 while a plunger arrival signal on term nal 235 provi- des an

i ndi cation through the flip-flop 236 to the peripheral interface adapter
219. In particular, the circuitry operates to provide systematic operation
of the wadiagyan i gfir theosystem illddtFat@dadd block |formoiheFIgspecé. tAs
concepts of the present invention can be used to nonitor well paraneters
and onl y can dve pseenect aorlblckyvdmiver Ey2ndrinesgaamicy opybapsadr t)5bf pre-
output justified the quantity of injection gas-required to produce that
flow — Herably ofxbhpl EMOSh typeof f sPRtpUt| Eramyitibee micropranssgonflsl on
given capa- city is being used to sequentlally suggly i nject_gas to_a
plura- |ithe opddaessnj busi ohSeond eMINKided coastaRoskiR@owlf iver| &571, and

S deS|rabIe tqQq utilize the coppressor capacity in the nost efficient
marner. BRAFEPLexe r@é&%oh?éﬂt Ht?hérﬁfegé‘ﬁt ehvdhe 1@‘°r°pFPGﬁslsl?é'l uH§§

3582?%# 1oL e the e ﬁbﬁ Fra' #55 % meg?a?ar{%ﬁé‘fsoip°rhvd’o&4?%%”83
gllt?:NQtGer mxture%a 8'% |on g g(&e}%"@’l S’gq‘o%s‘eﬁ't}'e er&s ggrloﬂf

whether @ RaM together w:.th a pluralxty of EPRIM storage units. A

W demultiplexing 1latch 158 is_ provided on the data bus to
10 démultipiex.the output from the microprocessor 151. Theilatch
.158 is connecied to the reél'time clock 159 via bus 177 as well
as the-memory'lsg and the total system decoder 200. Outputs from
the system decoder 200 go botﬁZthe memory 154 as well as to each
of the peripherals. The multiplex data bus 201 carries data
15 address and controi information. among 'each of the peripheral
-units such as the real ﬁime clock 159, the keyboard incoder 235

as well as the first and second peripheral interface adapters 202

: and 219.
N
The analog circuit for use in connection with the measuring
20 of actual data in the configuration of FIG. 4 is contained in the

analog circuit'320, This comprises 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



not the production flow obtained justified the quantity of inject
S necessary to obtain that flow. |If not, the well is shut in and the
I nj'éct gas capacity utilized to prhdyce a different well where a greater
production efficiency is present.” The shut-in well is re-activated
periodically and sanpled again to re- 20 eval uate whether or not its
production -efficiency has increased to a point which would justify
resunption of production. - This approach optimzes the utilization of~
avai | abl e production resources to obtain maxi numreturn froma product¥on

oL Ve soRaELAC e AR RabR 0! AP NGB0 PR GRe beeery, an
o0 ot EekaBtand YIe sy cnr 1y pmeand spiqudh ATBISRHGUEERR el
oo ook PP dmaie oy B, reobitEeRIe oL 0 e
having aminal 214 and power each of the pressure transducers to receive a
5 value reading therefrom. | | |
A first operationai amplifier 203 is connected to a voltage
dividing network to measure low analog battery condiﬁion while a
second operational amplifier 204 is connected tc measure a deg~;
analog battery condition and provide an indication through the
10 analog/digital converter 307 to the'peripheral interface Adapter
302. Digital battery condition is measured by network 231 and
differential amplifier 232 while dead digital battery condition
is detected by network 233 and operational amplifier 234 into the
peripheral in;erfacé adapter 219.
15 Solenoid driver circuits 350 are connected to the peripheral
interface adapter 219 which drives thrdugh a.one-shot muitivibra-
- tor 251 and a solenoid decoder 221 to power a plurality of motor
valve solenoid drivers 221-226. An air pressure failure signa‘I"’i
on lead 236a provides an indicatioh to the.peripheral interface
20 adapter 219 while a plunger arrival signal on terminal 235 provi-
des  an indica;ion through the flip-flop 236 to the peripheral
interface adapter 219, In'pat;icular; the circuitry operates to

provide systematic operation of the well configuration shown in

" PIGS. 3 and 4.



mot or val ve connected between the tubing of the well and a flow sales |ine,
conprising: 5 menory neans; neans for storing in said nenory signagls :
i ndi cative of an algorithmfor cal culgt\ng the ideal tubing pressure f@r
produci ng the well fromwell casing pressure, flow ng separator DFESSU‘é;
and a factor representative of the 10 characteristic rate at which the\ae
wll cycle the plunger repeatedly; neans for neasuring the casing pressure
of the fell; neans for measuring the fl ow ng separator pressure of the
well; 18 means -for measuring the sales line pressure; neans for
storing in sphdafethey asperr) théi cohceptsf ofhateaqgmesearnsproveentionecah
the characteristic rate at which the well will cycle a plunger; processor
means cobeecgsed to mbeitorowelleparametHrHanddnly |yl leecpvediicbionhflow
menory signals indicative of both the algorithmand the factor and
connect eint ¢henj everbis khiengauadityt andcappatisy mbhsonsausr skt ied ysbe
sai d processor neans calculating fromsaid recei ved data an i deal tubin%
pressur eAyantidty o @f 2knjectipp,pag oregydiedy i #reguse vahade FHoOW o heFor
i deal pressurf value is Ee ter tha ngsales line gressurg and.closing _
sa?d notS¥aBRLGe WReAPt REAROXS U AR R FEPESTSPhaRt t ReILUPRs SPPAS
ol gffﬁgeﬂgyuagﬁpﬁ%‘a”&s&éﬂ €6 {84h8nt1athY Tubpt} iH e ad®EESa3B1heh-
llity of gas injection completions, such as those shown in FIG. 1,
. it is desirable to utilize the compressor capacity in the most
%
efficient manner. Thus, the broad concept of the present inven-
10 tion includes a controller for linking a plurality of wells and
means for monitoring the volume of injection gas supplied to a
well, the volume of production gas obtained, the volume and pro-
duction fluid obtained and the percentage of oil/water mixture of
production fluid and determining over a sample period whether or
15 not the production flow obtained justified the quantity of inject
gas necessary to obtain that flow. If not, the well is shut in
and the ihject gas capacity utilized to produce a different well
N~ where a greater production efficiency is present. The shut-in
well is re-activated periodically and sampled again to re-
20 evaluate whether or not its productidn-efficiency has increased
to a point which would justify resumption'of production. This
approach optimizes the utilization of available production
resources to obtain maximum return from a production field.

While particulaf embodiments of the invention have been

- M-



a.Keyboard connected to said nenory and an optical disptay for selectively
9@ anm ng said nenory with said fa&ior val ue and sel ectively neasuring
apdJobservi ng pressure val ues. 35 l(' 44- 3. A systemas set forth in
Crafm | wherein said notor valve is operated by a supply of pressurized gas
and whi ch includes: nmeans responsive to the pressure of said supply gas 5
bei ng bel ow a pre-selected value for closing said notor val ve and provi di ng
a visual alarmin said optical display. 4. A systemset forth in daiml

whi ch al i nol.udes: . per, pheral interface adaptor neans; 10 a paw# of
sol enoi d?éggrﬁe%%‘g'd f‘g d’ﬂgr%'?iél?ﬁﬁ fhadr changes aand anod if iesoflehs may b
connect e t i d i pheral interface adaptor and said sol enoi ds;” an
dat a busg‘#ehgnﬁgnféﬁﬁoﬂﬁgzt$ﬁg{%héeﬂ‘lﬂdé‘es"&)‘-‘rhV\th 8Sopehe meNDry at the
said peinRftdlon. Nt §¢f 3ge . ,adaptor to pernit data flow therebetween and
enabl e the processor ?% g%nttr%ef F’I\g-egﬁl thetd$hes Arpended neds imad covess W k]

val ues aadcaabﬁuhggso%w,gghgppcﬂg&“t hm 5. A nethod for controlling
the5 cyclic operation of a *

W
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20 plunger lift conpletion petrol eum producing well having a notor valve ..
connected between the tubing of the well and a flow sales |line, conprié .
storing in a nenory signal indicative of an algorithmfor
calculating the ideal tubing pressure for 25 producing the well frag
wel | casing pressure, flow ng separator pressure and a factor

representative of the characteristic rate at which the well will cycle the
pl unger- repeatedl y; neasuring the ca5|ngdﬁgessure of the well; 30 .
nmeasurv-ng the flowing separator pressure of the well; measuring the

sales line pr&&®IMS: storing in said nenory a signal i ndi cative of the

factor representat IAV%yCHténhefGPaEéﬁE?bHEhﬁ e Mcé%éé?luwe oteld

will cyclic a Elun er; -45- periodically recei e menory

si gnal s i ndi cREPESEs e §I°§t§’r319ttﬁr?i“ar?&ttl}?el%tpér°%nlgr deldain@ i & i ng
means the nmmesoredalpeestnmected IRSwédt Oth@ PISLESSOE aﬁagszea.ud and |
cal culating ag i I i;n ressure 5 value; and opening said notor val ve
when t he |de§Ifg§gs§%#§ vgﬁﬁe' c%ﬁ&&ﬁﬁﬁnq:han the sales |ine pressure and
cl osi ng sai® not or meambvy weensthe i deal pressure value is |ess

means for storing in said memory signals indicative
of an algorithm for calculating the ideal tubing pressure
for producing the well from well casing pressure, flowing
separator pressure and a factor representative of the
10 characteristic rate at which the well will cycle the
plunger repeatedly:
means for measuring the casing pressure of the well;
means for measuring the flowing separator pressure
of the well;
15 means for measuring the sales line pressu:é;
means for storing in said memory a signal indicative
of the factor representative of the characteristic rate
at which the well will cycle a plunger;
processor'means connected to the memory means to
20 periodically receive from the memory signals indicative
of both the algorithm ahd the factor and connected to
said measuring means to receive the measured pressure
gw, values, said processor means calculating from said
received data an ideal tubing pressure value; and
25 means for opening said motor valve when the ideal
pressure value 1is greater than the sales line pressure
and closing said motor valve when the ideal pressure
value is less than the sales line pressure. '
2. A system as set forth in Claim 1 wherein said means
30 for storing includes:
a keyboard connected to said memory and an optical
displéy for selectively programming said memory with said
factor wvalue and 'selectively measuring and observing’

pressure values.
35
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_han the sales |ine pressure. 10 6. A nethod for controlling the cyclic

fation of a plunger |ift conpletion petrol eum produci ng well as set

hin daim5 wherein said storing step includes:
to said nenory and an opti cal

connecting a keyboard
di spl ay and sel ectively programing said

menory with said 15 factor value. 7. A nmethod for controlling the cyclic
operation of a plunger lift conpletion petroleum producing well as set
forth in Claim6 wherein said notor valadt+s operated by a supply of

pressuri zed gas ad Yyl TR N0 | BGLUAeSn 0ain 1 CHESEID A IOL

I’ response to
t he pressureveflveaj ds spenAtRss BEi Ry SEPBWYa gfem@wre@aﬂal gas &nd A
nmet hod for comlicdl linRd udeas cyclic operation of a plunger lift conpletion

val ve and

prOV|d|ng a vi sual armin sai

petrol eum produci ng well as set, 25 forth in Caimb5 which _nethod al so

i ncl udes:

provi di

of sol enosds peamnae delbw Oa Opelaiselickhe edtwdluel §6r pLO¥EHGNGadas ol d
decoder connec

sol enoi ds;
peri pher al

es 35 an alcu atirons wt

111111 1111111111 Pexripheral interface adaptor means;
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a pair of solenoids connected to operate the motor
valve; o _

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

data bus means interconnecting the processor with
the memory: and said perlpheral interface adaptor to
permit data flow therebetween and enable the processor to
control the solenoids based upon measured pressure values
and calculatlons with the algorlthm.
5. A method for controlllng the cyclic operation of a
plunger 1lift cdmpletion petroleum producing well having a
motor valve connected between the tubing of the well and
a flow sales line, comprising:

storing in a memory signal indicative of an
algorithm for calculating the ideal tubing p;eséure for
producing the well from well casing pressure, £flowing
separator pressute and a factor representative of éhe
characteristic rate at which the well will cycle the
plunger repeatedly; '

measurlng the casing pressure of the well:;

measuring the flowing separator pressure of the
well;

measuring the sales line pressure;

storing in said memory a signal indicative of the
factor representative of the characteristic rate at which
the well will cyclic a plunger;

T o

H%ﬂ'bet en _sai g .30 peri hera# inferface ad qg saj d
and Vit ePBENnBEPY AG*PHe BroltE8dr Wi tH Thethe ’sfi)an%P il
i displlayes adaptor with data bus neans and cau5|ng data fl ow

t her ebet ween 4t o eﬁalg:y%ttelap s(gto%(s:&q{ it e of Vf]ﬂeﬁ] ]Fsrggrg_ﬁ%qiaé@g upon

measur ed pressure va m 11111111

ans, HSSRANSAVS ntRr FRR cPLASPEEE REaFE IS SHRRENWFEES pai r

E—Y |
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M S+ * -46- interconneeting the processor with the

cCausing data flow therebetween to enable the processor to control th
sol enoi ds based upon neasured pressure values. 5 and cal cul ati ohs w

algorithm 10 15 20 25 30

nenUry and said peripheral interface adaptor with data bus neans andﬁgéggzii\
t o

—_—
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periodically receiving from the memory signals
indicative of the algorithm and the factor and from said
measuring means the measured pressure values , into a
processor means and calculating an ideal tubing pressure
value; and ' |

opening said motor valve when the ideal pressure
value is greater than the sales line pressure and closing
said motor valve when the ideal pressure value is less
than the sales line pressure.
6. A method for controlling the cyclic operation of a
plunger 1lift completion petroleum producing well as set
forth in Claim 5 wherein said storing step includes: )

connecting a keyboard to said memory and an optical
display and selectivVely programming said memory with said
factor value.
7. A method for controlling the cyclic operation of a
plunger 1lift completion petroleum producing well as set
forth in Claim 6 wherein said motor valve is operated by
a supply of pressurized gas and which method includes:

closidg said motor valve and providing a visual
alarm in said optical display in response to the pressure
of said supply gas being below a pre-selected value.
8. A method for controlling the cyclic operation of a
plunger lift completion petroleum producing well as set
forth in Claim 5 which method also includes:

providing a peripheral interface'adaptor means;

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

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

intefconnecting the processor with the memory and
said peripheral interface adaptor with data bus means and
causing data flow therebetween to enable the processor to
control the solenoids based upon measured pressure values

and calculations with the algorithm.

= ¢ L M 0§

Pt

N



10

15

25

30

r“..

-46- .

interconnecting the processor with the memory and~
said peripheral interface adaptor with data bus means and
causing data flow therebetween to enable the processor to
control the sol2noids base@ upon measured pressure values

and calculations with the algorithm.
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