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3&5 -VELL PRODUCTI ON CONTROLLER SYSTEM The present invention relates to
system for electronically controlling one or nor e petrol eum
production wells, and nore particularly, to a systemfor controlling wells .
in order to optinize the production efficiency of formation fllids. The
pr esent I nvention is one divisional= of application No. 8439461 the
other divisionals being applications hbs 8704161 (Publlcatlon No.
2,188, 451) and 8704162 (*M&hh ERQDUCTE o R_SESTE nderground
hydrocarbon produging faormation,. kno S servoir, has its }
characteristics &bﬁ r PEFER T 0 IRYRR mgb??|t§e?BgF85|F? ﬁreéﬁﬁ%?m for
temperature, ohydtogar %%fhgen%to\ﬁt%f%l Lghdn XU e Qo s, ldr A, at er
or

wi thin the fornmation. ddi t1on, vari ous su t 611 anésn

conpri sing apkBaREYQoh A é“t €nach ?EC%:%QM' l}a% ang hﬁyg&@t@ for

I ndi vi dual and di sti nct fas i'on so t he producti‘on o ocar

fluids at a eghtablliay §EPIE0NE AL QRe &gemiken W | p%fJﬁfautdw
pressures and flows Tfroma different area an adj acent formation.
Certain geneedlfichenayt &f Sidramattien HDweger, common to nost oil and gas
wel I's. For exanple, during the life of any producing well, the natural
reservoir pressur&heecrpaesenas gasgsnandnl i qisds ane rehbwrshdmaﬂnttuf

formation. As the natural downhol e pressure of a gas well decreases, the
wel | bore teadggligatipn upo. 8439461 the other divisionals being

applications Nos. 8704161 (Publication No. 2,188,451) and
8704162 (Publication No. 2,188,750).

Each underground hydrocarbdon producing formation,
Known as a reservolir, has its own: characteristics with
.respect to permeability, porosity,_pressure, temperature,
hydrocarbon densiﬁy and relative mixture of gas, oil and
water within the formation. 1In addi;ion, various sub-
terranean formations comprising ‘a'resérvoir are inter-
connected with one another in an individual and distinct
fashion so that the production oﬁ-hydrocérbon fluids, at a {ﬁif
certain rail from one area of one formation will affect )
the pressures- and flows from a different area of an
ad jacent formation. |

Certain general characteristics are, however, common
~to most oil and gas wells. For example, during the 1life
of any producing well, the nétural reservoir pressure
decreases as gases and liguids are removed from the

formation. As the natural downhole pressure of a gas well

decreases, the well bore tends to £fill up




gas into the borehol e and reduce the outpﬂﬂ production of the well. |
such gas wells, it is conventional to periodi- cally renove the

accunqul at ed I|qU|ds by artificial lift tech- 5  niques which include
plungér lift devices, gas lift devices and downhole punps. In the case
of oil wells within mhich the natural pressure has decreased to the point
t hat oil does not spontaneously flow to the surface, quid production is
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nonly used 1) plunger lift and (2.) gas |I1ft. Plunger lift production
sys§ens nﬂqhadeumle:wsgneiuaeswdng@ﬂ Dift caeviilceagergadi thEtr AeRlites and
through tubing extending froma 20 |l ocati on adj acent the producing
format i o@ownholien pampborehdire tthesuchsee 6fjuipiEniweldcat wdtatint hehbprn Wil
of the borehole. - 1In general, fluids which collect in the borehol e and

i nhi bit nhhutaﬁmpnesswrdsh@ﬂ décreaasédr e | bheampbint othat weil bdres arat

collected in the tubing. Periodically the end of the tubing is
R, spontaneously flow to the surface, fluid productlon is maintained

Qﬁth i quids, such as oil and water, which block the flow of the forna%fifi>"

by artificial llft methods such as downhole pumps and by gas

10 injection lift techniques. 1In addition, certain wells are fre-
gquently stimulated into increased produétion by secondary reco-
very tgchnique§ such as the injection of water and/or gas into
fhe formation to maintain reservoir pressure and to cause a flow
of fluids from the formation into the wellbore.

15 1In oii and gas weilé wherein the ambient reservoir pressure
has been substantially depleted, two general techniques are com-

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

N
Plunger lift production systems include the use of a small
cylindrical plunger which travels through tubing extending from a
20 location adjacent the producing formation down in the borehole to

_ \ _ : _
surface equipment located at the open end of the borehole. In
general, fluids which collect in the borehole and inhibit the
flow of fluids out of the formation and into the wellbore, are

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



@-1, opened at the surface and the accunul ated reservoir pressure is
sufficient to force the plunger wup the tubing. The plunger carries
with it to the surface a | oad of accunul ated fluids which are ejected out
the top of 5 the well thereby allowing gas to flow nore freely fromthe
formation into the wellbore and be delivered to a distribution system at
the surface. After the flow of gas haS“}again becone restricted due
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another load of fluids to the surface upon the reopening
of the valve. | -
A gas lift production system inéludes a valve systen
15 for controlling thé injection of pressurized gas from a
source external to'thé well, such as another gas well or
a compressor, into the borehole. The increased pressure
from the injected gas forces accumulated formation £fluids
ué a central tubing extending along the borehole to
20 remove the fluids and restore the free flow of gas and/or
o1l from the formation into the well. In wells where
liquid rfall back is a problem during gas lift, plunger
l1ft may be combined with gas lift to improve efficiency.
Such a system is shown 1in U.S. Patent No. 4,211,279 o/ .
25 1issued July 8, 1930 to Kenneth M. Isaaks. |
In either c¢ase, there is a requirement for the
periodic operation of a motor valve at the surface of the
wellhead to control either the flow of fluids from the
well or the flow of injection gas'into the well to assist
30 in the production of gas and-iiquids from the well. These
motor valves are conventionally controlled by timing

mechanisms and ara programmed in accordance
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well or the flow of injection gas into the well to assist 30 in the

production of gas and liquids fromthe wel |4 These notor val ves are

conventionally controlled by timng mechanisnms and are programmed in

accordance 35 with principles of reservoir engineering which determ ned
«the |l ength of tine that a well should be either "shut in" and

restrict edthr oprihoiphbgsgast ordsepudaliar t enginemtriimrewhddht hdetéermihbd wié
shoul d be "opened" to freely produce. GCenerally, 5 the criteria used for
oper at jQdengthheofivt bimeal thats at wekl y shomlsl thec elither ofshut in" and
pre-sel éct ed time period. In nost cases, neasured well paraneters, such as
pressur erestmpetedurfromt £lawing sgasomy diquidsrite the tsurfareyend ithe
speci al conditions. For exanpl e, U, S. Patent No. 4,354,524 discloses a
pneunat | EiRenithe syelbnsheudd iberooesnedd &0 ifreskyy pBrodurey | Hanarad as
to atifically lift . liquids o a well surface by neans of the plunger |ift
tecﬁ]i quE?’_eU.Jrétt%’c%ngsﬁg. ,%38?9&3#8"80%%0&%%1"‘9&@’&%%}Y)%eésa trictly
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period and then Shut in for a second pre-seflected | od to Increase the
production fpgm dkamplidle yMd ! .pPatedbenodi if 85a06Ral ais¥los¥s )HdRatic

maQuf actured by Plunger Lift Systens, Inc. of Marietta, Ohio serves to
opétate 8iming system which improves the efficiency of using injected gas
to artificélly 1ift liquids to a well surface by means of the
plunger lift technique. 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
éllowed to flow for a first pre-selepted period and then shut in
for a second pre-selected period to increase the production from
20 the well.  The differential control system manufactured by
Plunger Lift'Sys:ems, Inc. of Marietta, Ohio serves to operate a
plunger 1ift_: éompletion in accordance _withl a gating system in
which mea;ured values of pressure and fluid levels are compared
with pre-set values._,' u. s.'_?atent No. 4,150,721 to Norwood
25 discloses a similar gas well.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.
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sahunger lift conpletion in accordance with. a gating systemin which
—mEhsured val ues of pressure and fluid |l evehs are conpared with pre-set _
values. =~ U S. Patent No. 4,150,721 to Norwood 25 discloses a simlar *

gas well controller systemwhich also utili- zes digital logic circuitry
gating to operate a well in response to a timng counter and certain
measured wel | paraneters. Under certain.circunstances, however, -the nere

timed inter- mttent operation of a single motor valve to control ,e&:her

out fI ow fromyghRr'eldr©4i®asirciindtanded O hdfevel!, WHd hotectifel MG SR
5 |

production nor wll operation based upon a necha- ni cal conpari‘'son

of well. mRatakRtecbberdtifn PEESE FDAGIEN MRS PRIVE VebUGSontrdl i either
inefficient and costly to inject gas into a wellbore which does not contain

| i qui'ds ohitEhoweqbiom ahe f weldi abr! igds orindedt idie wol |thé Wedli N@ill not
naturalkly with a satisfact tory production rate. Further, it is

i neffici efifecto maximm gpoductithenorowidiinldperat bonl bagedaupohure nefchgas
as conpared to the volune of liquid contained within the borehol e which
doel, innigel qompazisphi cpfl well parametepse withapresetiemanimunt @and
open a well flow valve and_a gas inject valve sinultaneously and then close
the gas mipdmum, yaluesscrlt 8 ipefficigat andyrestly tosgnfestegas into

pressure is vel oped in the well to prodyce .contjpued flow fromthe wel],
Por > cacal Lhank welfh et ok drbrERLRe JiemAdh Ve beRar PR IEe REEHEL-
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10 either too small or too large a volume of gas as compared to the
volume of 1liquid contfained within the borehole which does, in
fact, need artificial lift. For example, it may be desirable to
open a well flow valve and a gas inject valve simultaneously and
then close the gas inject valve after a first time period when
15 sufficient pressure is 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 desirabl-
such as when two valves are connected to the well output and a
first is opened to allow fluid expulsion and then closed while a
20 second valve is simultaneously opened for A'time period to allow
gas production'after the fluid has been cleared. Moreover, it
may also be useful to utiliée a single controller to sequentially

intermit the operation of individual ones of a plurality of

wells, each for different selected time periods.



gas production' after the fluid has been cleared. Moreover, it may al so bega~
useful to utilize a single controller to seeuentially intermt the
y

operation of individual ones of a plurality“of wells, each for different

sel ected tine periods. -5- As reservoir engineering technol ogy becones
nore sophisti- cated, nore is | earned about the various paraneters which
affect the optinmum production of a well, and even the manner in which
producti on from adj acent wells affect each other. It is clear 5 that a

systenf"% which a plurality of wells could be controlled for periodic
oper ati oh t cASraviesiexycird epgimeesinige pectnology fbervmed welrles sophilsbe-
of value. " In addition, it would be an advantage to utilize other :
par anet fated s cBPELed SniaRred ARRRhgthel Vardens paramsterpresieh caffec

t ubi ng presSurgn flowrate and 10 pressure and oil/water m x, upon which
to base tHe PPEIEPM, &ff°3MF'e‘?ﬁ‘?'b_ Phit & nPeldnt BRG RN the cBanaeKe| in ovhimhn

to int ) I_nj t.fluids | th | t ti | ate t ducti
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programuabl e controller for the operation of a plurality of nhot val vés
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parameters from each of the wells could be used to controfl the intermttent
opscat i advanteayd 6 dtbbizeebthRerNparameters associated with a producing
well, spch as casing pressure, tubihg pressuré,:flow rate and
10 pressure and oi;/watér 9ix,_upon which to base the criteria of
when to intermittently open_of 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 greéter 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

Y
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.ptoduction.



1. to optimze the production fromall of the wells. The system of

present i nvention provides such a fully program mable controller for
the optim zation of well production. -7- The system of the present
invention can be used ir nultiple applications of producing wells, for .
exanple, in gas lift conpletions, plunger lift conpletions, wells having
fluctuating bottom hole pressures and pr‘dduction flow rate and, in

ddi tion, I II icul h
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and my al so COI’] gas I ection ne or nore
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An obj ect of e present Invention i§ to provide a sys I ncl udes
motor val VefiaviRgr #RIcua 5P| PO €aH1 BFAR! pwgs@reéosha%&@&f&ﬁr oni ¢

controller which continually adjusts the opening and closing of the notor

val ves for oplowuntd©é mMainaon fihui a@f 0dUAL | Ot Alrload gas wells. In
parti;ular, the present invention is especially useful iﬁ
any type of artificial lift completion which involves the
intermittent injection of gas in order to 1lift liquids to
the surface.and may also be used to control gas_injéction

into one or more wells in order to. optimize the total

production of formation fluids from the wells.



The present invention provides a system for controlling the NS
operation of a petrol eum produci ng well having a notor val ve connect ed '
bet ween the output of the well and a production flow sales line,

conprising: 5 sel ectively programmbl e nenory neans; neans for
storing in said nmenory signals indicative of a set of criteria for

governi ng the opening and closing of said notor valve of said well in
response to conditions in the well in order to obtain optinum 10 efficiency
in pr od,l._s’t:'ti on flowfromthe well; nmeans for periodically neasuring physical
paranmeters of sai daneldbjeutocefsthe present cimveEctisoh is teaigkovisdssa for
periodi cally nmeasuring physical paranmeters of said well, 15 said

processor neaystempewhdchi njncleudésulmatiams valyes cvRhgametgrt heeneiasgdr ed
parameters of said well in accordance with the criteria stored in said
nmenory means gAdigmenitng amdd ac IRFSFFR AT Ibtoke sty ol ¢ rcortpohker t ghighd
eval uation to aqbtain optimum _ efficiency in_ 20 production flow from

the wel | intoCSPRE1FHUGIISt iBsH Uty e PR had #Bf GAAELETaRf nehdf MORRr

present invention and _for further o?Lects_and %flvagt ages t hereof, reference
may now be ha(‘,fatléfeﬁheEQS optimum rmation ul roduction rates.



s« .Jhe present I nvention provides a system for controlling the
tion of a petrol eum produci ng well having a notor valve connected

een the output of the well and a production flow sales I|ine,
conprising: 5 sel ectively progra@+abl e menory neans; neans for
storing in said nmenory signals indicative of a set of criteria for
governi ng the oper a I Ng; i d nD v.al ve of said well in
response to condi ?ﬂlﬁs B?ﬁgle%lﬁe }/\rg‘}?éé#%n orL‘) é’rvj'a#eos oBt aisr?'s%ep“t'i mfﬁgr'lo
ef ficiency i FpygRicting thewopesatipa \af | a WE$WQHﬁNmFEW¢®d¢taege£_é
Measur i ng. PhRiRg RAMRIESL! 9a Ohe SBbfntRkba MIeAGRIA ene BE5ye 6ENIEE! O
to said neans %cw periodical |y measuring physical paraneters of said
wel |, 15 sai%fll At S RFCAUGHRIGR L1k 3L RF nglnecaFeBpPaLsdng: and

eval uating the nRAYIEelpArFERititna®ie fehdryWRkhnsi;N accordance with
the criteria stored in said nenory neans agd openi ng and closinq t he notor
val ve in responseqﬁ?Qﬁﬂéﬁr %ﬁ%fh%?ibﬂ S NG nS1IBPLP maRALCALAVE ency
in 20 producf oa fsew fopmdiietenrid ifdro igowrepmidiect ithie f lopenialges ahidne.
For under st andi e. S i..n j O nd r _fyrther Lects_and
advant ages t%r‘%%ﬁg r‘;e‘?e?g%geﬁﬁg?rnowq%)g hrkég f%iﬁ'hgegg' e PQJ.sSSn?e to
conditions in the well in order to obtain optimum

10 efficiency in production flow from the well: _
means for periodically measuring physical parameters o
of said well; | N/
processor means connected to said means for
periodically measuring physical parameters of said well,

15 said processor -means performing calculations and
evaluating the measured parameters of said well in
accordance with the criteria stored in said memory means
and opening and closing the motor vaive in respbnse to
said evaluation to obtain optimum erfficiency in

20 production flow from the well into the production flow
sales line.

For understanding of the present invention and for
further objects and advantages thereof, reference may now
be had to the - .
25



.draw ngsin which: FIG 1 is a schematic drawing of a gas injection plu

lkift well conpletion having two notor valves and including a program

mabl e el ectronic controller constructed in accordance with the teachings of
the present invention; FIG 2 is a scherda+c drawing of a plunger lift well

le- tion havi | h ¢
comple- tion havi g, wo,aaLancval ye5eAREohN VI & P 907 AUWBELE  for

el ectronic contr r ~constructed accdrdance with the
t eachi h,g@ of At gttt theeRPedrtionG o8 as petyeHann i Rraduding oeld

plurality of nsRAURNtd ahd¥oPPeadiedcBhadUtiObattlden Catd HaVHNY BrSithd €
not or val ve and .i ncludi ng a_. progranmabl e electronic contraoll er constructed
R gt

i n accor danc&Stilt P%he t RDFILPE PAVEAt LoRS 15OMPTisingig 4 js a
schemat i-c 3ir aw ng safl e il welgerplod tameab 16 offphor yt meanwherein the well is
operated in accordance V\%tp \_/Eri ous rreasurﬁd %nar aneters_ .and_.ncluding a
programmabl e el e &GV c"Tont rof 29 &S‘nsstar_ ct% _ H aﬁ&%f"aéﬁcérﬁltcﬁﬁlﬁ’f
invention, Flo@ 8 ise& bbbckexi ey xan ofoan gevendriony ¢ tdent plendmausesdi n 20
conj unction widyihhe SYSLETE SBWR IVBINESH: 320 deill Gn Grbsp8nBkoRlh

di agram of an el ectronic controller used in conjunction wth the syst ens
shown i n FI GSOMBifiens Hss the, welhndirC aréegackopofbitens ofpisimum
schemat i qgli 2B idnA, ©l gsEsDIE €i6RNELO)| EFomOBREr Wellgd i n accordance
with the i nvention and shown ipn FIG '

to follow ng description taken in conjunction with the accorrpanyi ng
el )

means for perio 1cally5hegguring physical parameters
\4} . of said well; |
' - processor means connected to said means @ for
periodically'measuring physical parameters of said well,
15 said processor means pertforming caiculations and
evaluating the measured parameters of said well 1in
accordance with the criteria stored in said memory means
and opening and closing the motor valve in response to
said evaluation to obtain optimum efficiency in
20 production flow from the well into the productioa £flow
sales line.
For understanding of the present invention and tor
further objects and advantages thereof, reference may now
be had to the |



tronic controller constructed in acdé?dance with the present invention .,

“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 node to simulta- neously open a pair of notor valves and sequentially
cl ose them 10 in pre-selected tine frames and in a second node to :
sequentially open a pair of notor val ves, simultaneously opening the second
and closing the first in accordance with detection of the occurrence™sf an
event anfopiewingedescriptdgrertakisn Ibndeoh jimction -withfthei agcbmpanytiag
FIG 1, there is shown an illustrative schematic of a gas well equipped as
a pl ungedravwingednpwbiehba with suppl enentary gas injection. The wel |
includes a borehole 12 extending fromthe surface of the earth 13 which is
lined with aFIGmutalsScaseriematys drawing Rt fa a8 hindertier Bdunges didt

20 - produci n eol.ogi cal strata. = The casi.ng 14 inc|udes_perforations 15
in the r*¥ nCSgpgﬁélﬁ?‘odlﬁ:‘T’rbe stYat ﬂ°f’8rpé’taﬂ'i"%st 1AG | tRELRdiRg #r BRPSFAm-

whi 2h t RS cIfheE R 19 cERETRY 185, oRO8=Cx Srtefo, HEaagFoEadree Lokt anpe
serves qa?%ggégéﬁuakzgqer%gggFWQ'q%yg&g#gyg a mxture of gas, oil and

wat er . asrng 14 1s"preferably perforated along the region of the

borehol e congagni BY jlshe NY&KlIRA Pic SBEalEngN ¥ &2 purddeP! HEt t Qe ! EWmfpll‘éiji

éf%;. 8A, 8B, 8C and 8D are each portions_of a schematic diagramof an

com :
tion having two motor valves and including a programmable

electronic controller constructed in accordance with the

10 teachings of the preéegt invention;

FPIG. 3 is a schématic drawing of a plurality of sequentially
operated production wells each having a single motor valve and
including a programmable electronic controller constructed in
accordance with the teachings of the invention;

15 FIG. 4 is a schematic drawing of a plunger lift well comple-
tion wherein the well 1is operated in accordance with various
measured parameters and including - a programmable electronise/
controller construc;ed in accordance with the invention; |

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 showh 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

-1 -



5 muni cati on between the strata and the Il. A string of tubing 16 :==¢
extends axially down the casing 14. Both the tubing and the casing exte

into the borehole froma wellhead 18 | ocated at the surface above the MEEZ;>
whi ch provi- des support for the string of tubing extending into the ca

0 and cl oses the open end of the casing. The casing is connected to a
line 22 -which supplies high pressure gas froman external source such as a
conpressor (not shown) through a first notor valve 25 into the casing

14. e. first, motor, valve ,25__is qperated between the open and cl ose
condi t}gﬁ”b‘?'bt‘b%g?‘é %?‘énSm Fl1Ge I%‘prad’dhct ion internmitter/controller 26
constructed i cor d e wth_the achi ngs_of the present_invention.
The tubing 1 |c§§'co r%éc?gg't\(l)gé\_ Bpgdu%lﬁi &Y B¢ porsions, of gR Schematic
not or val 34 n o] 8..The out-_put flow qf fhe tubin 6
into the d;;l%o ucn?i %rftf?@w i | neeégﬂ%é gceon't(}rxé?#%ezé rﬁoﬂstfrréw?ﬁe%ollﬂ 13 ’('Jé‘,’“ce
such as Qilth @i& 'prédéh €0invdRE28hC an@" ISR HL '.Stﬁ.i rected through the

separator 28 which effects the physical separation o e liquids fromthe
gases and passes the gas into . a sales line 32 for delivery to a gas
gatshering system The liquids output fromthe separator 28 are directed
into a liquid storage reservoir 36 for subsequent dispo- sal.by well known
nmet hods. Pressuri zed gas is also supplied through a filter 17 and a

regul ator 19 for use in pneungggggggggggggggigggg!%%ggcn val ves 25 and 32
by. means of solenoids 31. 5 The string of tubing 16 extends axially
~down t he casiTthp welll scomphiehibed [Bhown uin NBIGSt op Addard dpenatie sith Nghe
24. A controller of the present invention in a first mode to simulta-
neously open a pair-ofvmotor 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-seleqted time periods.
Mode A
15 Referring first to FIG. 1, there is shown an illustrative
schematic of a gas well equipped as a plunger 1lift completion
with-supplementary gas injection. The well includes a borehole
‘12 extending from the surface of the earth 13 which is lined with
a tubular casiqg 14 which extends from the su?facé down to the
20 prdducinglgeological-strata. The casing 14 includes perforations
515'in the region of the producing 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

- 14~



Nprocating plunger 20 is positioned within the tubing 16 and is

spent ed passing out the lower end/§ the tubing by the bunper spring 24
~tubing stop 23. The upper end of e tubing 10 16 is closed by a .
| ubricator 29 which receives the plunger 20 when it is in its ‘uppernost

posi tion. The lubricator 29 also includes a sensor 30 which detects when
the plunger has arrived at its uppernost position. In a gas inject system
of the type shown in FIG 1, it is 15 desirabl e to conserve gas and-

inject @nlv gs ruch gas through tge first notor valve 25 as_is requirgg to

moveld nEOBRBRGAE O8RS End At AR SERKEL] o8 2 (RF SRRIFLASH cBePPARIE [ om

th l.ye 32, T ft the .fi I '

ol o sadi{Od MARETOrTY4E  Biky i waBBER" Bhe aBieg heiso
i ' I || _has b

Ol oA SR atLE it £0EatL B aloHT, HR RIS JF the WOEMLE WBhtaiRIag c

li quikés pebhueling haveasaCuinl! alred Wishish tBeacasing df1okn éﬂﬁq eghpo of

the perforations 15 adjacent the pro- ducing formtion. These Tormation

f | Uintlth I8 0t beBRebhowd strd8acand ARd "eel D! Mila Ytriie dHCt6BIRGY SO
they are renoved at the begi nning of the production cycle en both the
fird6 ateamionaxi®al by downethad cazdnd 1y e opened sinul taneously. The
first notor valve 25 is opened by neans of "on" solenoid 31 to 5 i nj ect
a fl ow dSoth gther tubing gasi ftiven tasinygt extehdsdwtee thd bérehSsBei Bgomd and
rai se the pressure. The second notor valve 32 is opened al so by neans of,
an 'aorvekbheadi Y83loratederatt ehepparfaned abowvke tthebiwel Iprwitlichi profliew \o/
| ine 27 and cause the plunger

des support for the string of tubing extending into the casing

and closes the open end-o{ the casing. The casing is connected
to a line 22 which supplies high pressure gas from an external
source such as a compressor (not shown) through a firat motor
valve 25 into the casing 14. The. first motor valve 25 is
operated between the open and close condition by a programmable
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 motor 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, water, and con-
densate, and ga;es and is directed through the separator 28 which
effects the physical separation of the liquids from the gases and

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

gathering system. The liquids output from the separator 28 are

l,..l
(SN
|



20 to nove upwardly within the tubing and bring along with it a 10 ' f’_ﬂ>
quantity of formation fluids which have aigpnulated within the casing i; \_/
t he region of the producing fornmation. he |iquids brought to the sur
by the plunger 20 flow out through the second notor 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 |odged in the lubricator 29 and
producgg ddreickeseringo 4 al iguidustaraael reserioicodr doresubBequenty ebirpre
to the ‘plunger arrival signal, or the passage of a pre-progranmmed tine,

vhi cheveBalapBEndveX} r kpownhcmebheds) | or Pregsysdrzedesgane isof also supplied
sol enoid 31 of the first mptor valve 25 to close the valve and stop gas

i nj ecti okh r°“ﬁﬂa%e§éﬁ&eﬁoﬂ&’4&ﬂv% SEgPéaﬁqﬁmkﬁifQFrEﬁﬁlﬁ“OQQ?WWﬁthallY
A WA SRS
Ll I e el S 8 S

In the system tor valves are Si % A

opened ai‘@ci‘i‘}l&ﬂﬂﬁid ypﬂ:ﬂé&f' % ”Pé" Bb&@tﬂbﬂ@ﬁcwﬂrhfd O%W'th%x%‘gn'lrﬁ ZAkW

t.he consunption of 1njection gas. Mode B Referring nowto FIG 2, there is
shown anjil | ppév@htea Spassingt lcs‘utof thed| UBGRE |édd GFPLREI Wuldiafg Wkl ,the
sigglar to the well 10 of FIG 1, but wherein the formation pressure is

suffici ebumpleat spring 24 and tubing stop 23. The upper end of the tubing
10 16 is closed b? a lubricator 29 which receives the plunger 20
when it is in its uppérmoSt position. The lubricator 29.also
:inciudes a sensor 30 which detects when the plunger.has'arrived

at its uppermost position.
In a gas inject system of the type shown in FIG. 1, it is
15 gesirable to conserve éas and inject oniy as much gae through the
first motor valve 25 as is required to move the plunger 20 up the
‘tubing 16 and eject the accumulated fluids from.the well through
Y the second motor valve 32. Thereeftee, the first valve is closed
and the second allowed to remain'open for a pre-selecﬁed time
20 period of produétion flow from the'cleared:weil. When the well
has been closed‘for a sufflcxent perlod of time to develop a for-
‘mation pressure, liquids will also have accumulated w1th1n the
‘casing 14, in the reglon qf the perforations 15 adjacent the pro-

j'dué:ing formation, :These fotﬁatioh fluids restrict the flow of



uppl enentary injection gas is necessary in order to clear the well "of
cCyinul at ed fl ui ds. The well includes a borehole 12 extending fromthe

h surface 13 down to the producing gggl o- gical strata and which is
lined wwth a tubular casing 14. The 15 casing 14 al so incl udes
perforations 15 in the region of the pro- ducing strata to permt the flow
of gas fromthe formation into the casing. A string of tubing 16 extends
actual ly down the casing 14. Both the tubing 16 and the casing 14 exteénd
into the borehole 20 froma wellhead 18 | ocated at the surface apg*

whi ch prgaseesfson- the tfdrmat benstiniteg tHe teds iggasd thesesatdicrepevedndt
of the casing. -~ Areciprocating plunger 20 i's positioned wthin the

t ubi ng Theanbeginpiagend£d threonppadachdoautcydibe | etven chatbf thiee fidstgahyd
a bunper spring 24 and tubing stop 23. The upper end 6 of the tubing 16
i s encl eembrd motolr i valves2®5nhand r¥tecaves opaned usdmulrangowslit. i sThe
its uppernost position. The |lubri- cator 29 also includes a sensor 30 which
neasur e ifRth mABOB| Miadare hd8 Apricrened bys megans neft "Essi Hdenaid 31 to
The upper end of the tubing 16 is connected to a first flow "T" 41 and, a
fitst ndtsiect defiow Rfo B I PIRSUERcIPPuLTATeIthe RFLTRAL aQUFE8yiRgO

e SRR A TR A
ol anoi 8 e “Bhaor Py, asel RU\47 cHR2 BRERER Gy 55 YR L thR epd™®
by MEaNEnd of the tubiqg production flow line 27 and cause the plung;?)
20 to move upwérdly within the tubing and bring along with it a
10 quantity of fofmatioﬁ,fluids which have accumulated within the
casing.in the region of.;he producing:formation. The liquids
brought to the sﬁrface by the plunger 20 flow out through the
second motor valve 32 and the production flow line 27 into the
separétor 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
afrival output signal to the controller 26. 1In response to thi/
plunger arrival signal, or_the passage of a pre-programmed time, -
whichever happens first, the controller 26 operates the "off"
20 solenoid 31 of the first.motor valve 25 to close the valve and
stop gas injer.;tion. The second mo.tor valve 32 is allowed to
remain open for a pre-programmed time period to permit the flow
of production gas from the forﬁation. After the set time period,

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

_M-



not shown. The upper end of the tubing 16 is al so connected to a second -
flow "T" 45 through a second notor valve 4 o a high pressure gas sal
i ne 47. The second notor valve 46 i 5 actuated by "on" a
"of f" solenoids 48 wunder control of controller 26. In operation, the
plunger lift conpletion of FIG 2 is closed in for a pre-selected tine
period during which sufficient for- mation and gas pressure is devel oped to
nove the, plunger 20 along 20 with fluids accunulated in the casing 14 to
the sureace. After passage of the selected tine period, the cycle is
begun byfapinbagkrelown iche etdBingAstirliagn|1810aid 2Pepbseeibh 188el ¥ adChhe
the accunul ated fluids carried by the plunger pass out through the first
f1 ow " T"bumperhmaprfng h24| dormprassubsetjuent |trip 480 thentsurfdee EePAGRHIG
28. Wen the plunger arrival sensor 30 detects that the plunger is
posi ti one@PtY accumpated ofordatios dintiids | frof6theowed .he Thus| Hat &he
val ve 42 and sinultaneously opens the second notor valve 46 to allow.the
hi gh pr ed¥gtent Rf FIG npdirona gpair t @fpawetolr cvajtvede arer osdmbloanetusdy
ang out the high pressure gas sales |ine 47. After. a pre-selected tine
pePi od JPEREH BRYs SReRtAkLY oflgasds itaw makinige tbroduntian, fibw siddded
not or val ve, 46 &ﬁ aﬂgin.closed'to shut in the well and allow the plunger 20
to drop HHRKHBHAT: FBSt GERSYMPE 1oy eFclnigction gadeion gas pressure to
re-accuqu!f for a subsequent cycle. Thus, in the systemof FIG 2, a pair
offnptor—vééS%s are operated so that a first valve is opened for a tine to
cleaf the Weﬁéfé??iﬁgeﬁogl Q%e?‘ﬂ.h.' '29, %hseexgé)nps Vslgsn_' gnsfiﬂlxts%rrlggg\srleysche-
matic of a plunger lift completion gas wéll, similar to the well
10 of FIG. 1, but wherein the formation ptessﬁré.is sufficient that
no supplementary injection gas-is necessary ih order'to clear the
well of accumulated fluids. The well includes a borehole 12
extending from the éarth'surfécé 13 down to the producing geolo-
gica; 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
K.f 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'prcvidés sup-
port for the string of Eubing aﬁd cloééélthe open'end of the
casing. A réciptocating pluhger 20 is positioned" within the
'tubing 16 and is'prevented from passing out the lower end of the

tubing by a bumper'spring 24 and'tubing'stop 23; The upper end
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o] for a second tine period to allow production flow fromthe 15
clsared well and then closed. Thus, this node of plural valve operation
effectively separates the | ow pressure f”?ids fromthe high pressure
production gas. Referring nowto FIG 5, here is shown a bl ock di agram of
the well production controller 26 which effects the operation of 20 the
well conpletions illustrated in FIGS. 1 and 2. The cir- cuitry includes
a mcro-processor 51 driven by a clock driver 52 and connected via a-

55, e of BEontil 18 U8 fclSafe "B TinRléalel Y oPidH, RéneleR

¥~

| f 90" whén i ol enonl Yo as_
< o iagleity by e BRO8 Bie-Bir b SOND Sl Lty

sati sf gg; ridg/. e ;/iGh 0GES 1 i (o] TyT=Tels h h
addres?%tuésP-S %nglgmner%o%uge%de%r %gﬁtsggt hgﬁrr?rrlg%/ﬁm anaﬂ%o4 a;@l& %He.
per phergil urlfePdas S8ralded healites Mppdrdest®Dositiowlly, the .
m cro-processor 51 is connected over the bus 53 to a peripheral interface
agapter (Pl7je 6dippébe end igthethe itobdngaQs ateptennbdted a NECtEfst Oflow
receive input froma plunger arrival sensor through an operational 10.

anpl i f i"<r"® 621 camid am firspr mesore vadivie skhsiortd a dloyn pressupve £laidddeli-
anplifier 63. A high tubing pressure Iimt sensor provi- des a signal

t hr oughvexipl 1 inerd34leading &ecdt sepanatinm@&hr esBhe ef bxgbetiotgr valve 42
pre-sel ected val ue while a | ow tubing pressure sensor provides a signal

t hr ougHsanpetiiaiedss Byn 8heP@bEniof he'on” and "off" solenoids 44 under\/

control of a well production controller 26 constructed in accor-
10 dance with the teachings 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 tubing 16 is also connected to a

second flow 't' 45 through a second motor valve 46 to a high

pressure gés sales line 47. The second motor valve 46 is

15 actuated by "on" and “off" solenoids 48 uader 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 for-

mation and gas pressure is developed to move the plunger 20 along

20 with fluids accumulated in the cdsing_l# 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

_



15 tubi ng pressure drops below a pre-selected value. |In addition, sfncé
only battery power is available in the re e areas where such systens \

post often | ocated, the systemis provide ith a |low battery vol tage
detector and a battery voltage failure detector 66 which provides
i nformati on through the peripheral 20 interface adapter 61 to the rest

-of the system The peripheral interface adapter 61 is connected to actuate
a pair of nmotor valves by neans of two pairs of sol enoids, one for "on" and
one fog;"off" in each of the solenoid pairs 67 and 68. An address fromthe

peripherghehnt ehd ackepabdisf 68| S Pumaad thel héPHﬂ&ef‘ Ao 1 7Jsén%cﬁnfe 39

the other of a pair of solenoid drivers 72 and 73 fOr respective ones o

the notogev@cts thlatnaike NFlilivgér 280pe8itidnede iN0othdUlbbr VERE8E0R974 the
selects the time period during which a signal is supplied to the solenoid

drivers.céntrollee 28 Ickusds other fiystemotiorFivalve ad3oandckifiaitaneously
keyboard 75 for the entry of nultiple programm ng data into the nenory 54
t hr ough epéngbdthed semonidrmdtoansvallve bd6 tgsadidow/.thé highi prassaceecfor-
optical display 78, preferably of the liquid crystal display (LCD)
typs, imapioni gesesf o ppesatbhrough thepbsecordi Ghowl "MTf ddSreandnout ithe .
is programmed into the systemas well as various paraneters and itens of
dat a whikigkarPirssere- dap c8ade@s ndineheddper abfdgrofat prenpalengted | fime
addition, the display provides a visual - alarmupon nmal function _as well
as vi sudPeriedcefi HIhiPTRAR BEe t RFPAVEFiQge IAR] Ll ot thrQuahy thecline 47,
codi tion. The display 78.is driven through a pair of display drivers 8
and 82 | PREREEAPRORRECFAdRLYE. 8 1 HASRIBINRRE bp shut in the well an
allow the plunger 20 to drop back down the tubing 16 and the for-
10 mation gas pressure to pe-accumulate for a subsequent cycle.
Thus, in the system of FIG. 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 production flow from the
15 cleared well and then closed. Thus, this mode of plural valve
operation effectively separates the low pressure fluids from the
(s - high pressure 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 completions. 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 data/address bus 53 to a memory
54 and a demultiplexing-létch 55. The processor 51, as well as

all other processors referred to herein, is preferably of the.

- 17 -



ers H E L, or P A |l oss of solenoid air supply pressure effects

Sire of all notor valves and is visualffy 20 i ndi cated by the
indication HELP 1; a low battery alarmis indi- cated by a display which
alternately flashes HELP 2 and the time at which the condition began; a

“dead battery effects closure of all notor valves and is shown by HELP 3.
The status portion of the display 78a indicates the condition of the cycle
of operation 20 of the circuit as either ON TIME-P; OFF TIME-E, Org4
EXHAUST cMOg=-¢ypdi hadt, hey b e ' LS N _ Lo hour s
mnu- tes and seconds i ‘r?y(r:l?sfw;l %ﬂg%%ﬁg%g 9@2’9'7£%§]&W§é§gp€§98ugﬁot
tively. modéle Nede SOORPEr AMOS &idhe-prud I Has S ' Lan
78e: 1 for node A and 2 for nndelggﬁz prd§?%%Pn§¥§huﬁ?g§P?gﬁé|??§?§§58
renot e ltordlliyans, The Nidrorprdcesses BPOWR' SR8 Wdinddtdd WRrdugh an
operates to power down all processor functions except those necessary to
mai nt ai addaess, bus | 56 t Andoac mamenye ddcadéhes 7t Be RAaeS a@ncty B 6carat ed 40
time period or the receipt of an input signal fromthe keyboard 75. In the
oper at i perehennl sderodest $PGand an realk Aimas clbscki 56l ab®ieally, the
connecti?n with FIG 1, programm ng entries are nmade by first depressing

t he MODBIEEP ~"PRPCARPMeP bafiSercannectedhoverhdhainbus 53 to <ol pet ipiEEal

and the,nuneral 2 to seleci MODE_B. For exanple, to programa MODE A
oper at i &t ﬁgqﬁ¥3§%ﬂﬁ%ﬁy{9§%)i§E;hen depressed fol l owed by the ON TI ME .

key 75¢C andThe peripheral interface adapter 61 is connected to receive

<§§§tdisplay 78, each character can be either the nunerals 0-9 or the

input from a plunger arrivall sensor through an operational
10 amplifier 62 and an air pressure fail sensor through an asso-
_ciated amplifier 63, A high tubing pressure limit sensor provi-
des a s8ignal 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 drops below a pre-selected value. 1In addition,
since only battery power is available in the remote areas where
such systems are most often located, the system is provided witﬂ;/
a low battery voltage detector and a battery voltage failure
detector 66 which provides information through the peripheral
20 interface adaptfr'Gl to the rest:of the system.
The peripheral interface adapter 61 is connected to 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 and 68.

An address from the peripheral interface adapter 61 is passed

- ¥




then nuneral keys to programinto the nenory 54 a tine indicative of the . .
time period within which gas is to be injggted into the 20 well with befth*
mot or val ves open. Next, the PROGRAM KEY [75a i s pressed again foIIovved'
t he EXHAUST TI ME key 75d and nuneral keys to enter into nenory the tinme
during which the second notor valve is to.remain open after the first valve
is closed so that production flow fromthe well may continue. Finally, the
PROGRAM .- 20 - key 75a, OFF TIME key 75e and numneral keys are
sequent)ﬁally acti- vated and a third tinme is entered into nenory which is

i ndi cat i Whr@fugt€at H@Eoﬂ'etrh"f!l V‘E‘bCBnQOtcn: NPHET o¥dle ‘fesofhguggzge oF %?Peﬁggd

the well shut-in. of the progranmm ng paranet

di spl acedriivere 1AM S‘ﬂi aﬂo? Sraspbgive’ Bnea! B Q”ent“%W%\f # Rifghoia

keyboard 75. A node B operation is simlarly programe

open thepliirst 6t andvabie (B oR@XBRBE WUIR'LviBNe S el e eRkdNdde 0GR
arrive by then), EXHAUST TIME to close the first notor val ve and open the

second aperded AuvBrg whisk d0signabeisesapgliedororane sslemdid -dri véies .
well. Once the systemis started by depressing RUN key 75f, the -

m &r o- pr 6'&165S'(ﬁl%lcQ'ibhr@blsropysale'momfofFIG’le Syalso inciudesda eytoard 075
the peripheral interface adapter 61, decoder 71, and one-shot

mul ti - vi P&t o¥he 4 ensI3hepi Mmilddmie hprogremmingdrdatas into the meory aMi

open both not or valves 67 and 68, After the first "on" tine period has
el apsed, *PROYGH & '?EXSIER Vil%c%‘?e?s-’ﬁl gedqthe bpgpswstem Tt ion of lift

ga&zrntothe wel | \@;ﬁl_l the second Loy v 68 r ins open to allow
producti on f Fow™ ™S tr%baract { gxsplay %ra pre erabfy ? the

liquid crystal display (LCD) type, is provided 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 dispiay 78 is driven threui_;h a pair of display
‘drivers 81 and 82 in conventional fashion. 1In 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 the indication HELP 1; a low battery alarm is indi-
. cated by a display which’ altetna"tely flashes HELP 2 and the time
at which the condition began; a dead battery effects closure of
-all motor valves and  i8 shown by HELP 3. The status pertion of

. the displey 78a indicates the condition of :tlhe cycle of operation

- 14 -



S o %

wel | for an additional "exhaust time" after which a signal is 20

Qyi ded to the peripheral interface _adapter 61 to effect the closure of
®,) second notor valve 68. Thereaft@p both valves renmain closed for a
‘rd pre-selected "off time" period¥until the cycle is begun again. In the
operation of the circuitry.of FIG 5 in node B, in connection with the
operation of the conpletion shown in FIG 2, the keyboard 75 is used to

sel ect PROGRAM MODE and the nunmeral 2 and, thereafter, programthe "on"
time period wthin which high pressure gas production flowis to occef

f ol | owiofy tdieeariinapidi &8 either OR| TIME-Rel OFPEs TIME -H;noriBXHAUSTHI TIME 41e
well is to be fully shut into allow formation pressure to accunul ate.

Upon i Whills heyremaining kime bis djehewnsapd decriementieddyn Meurs haninwr o-
processor delivers a signal _through the peripheral interface adapter 61,

t he ond&es$hoandyPeconds: attbr d22plaNd d9rt Her®ddB8bs1 18&r10and 78Fen nespEqT st
ot or val ve 67. \Qhen a _si gngl Is recei ved_over the El un&er arrival sensor

% f &

t hr ougft Yoper & nBPdgmPt  c@ergL iameof| ithe | pnbpodnert nie pahPRRern

interf dapt 61,, th ' - [ the fi t t

VBl ve BRI dennd i ReanoR arg. 2. heroBOBRIBmL or val ve 08 Lo open

f - elD | ."exh Lpe" I ad. of _hi_gh

b oducti on BT oREOTAEEC pERIREROhELEPEY® 168 (U “keRols DfRHitng ¢ ne
¢ g arte \ q S . |

Cyet cPdRea T Cncltadd 'R pBRERISSIA {CRHE € AndeR Bplerile ko B,

the preagimr Gall appguessararfnic ity egxgggit:ngﬁéyé)utg@céé)ﬁéﬂv' A maintain

anplifiers 64 and 65 so that after an on '
memory until the occurrence of either the passage of a selected

L3

10 time period or the rece_i_pt of an input signal from the keyboard
75.

In the oéeration of the system of FIG. 5 in mode A, as
déscribed above_ in connection with FIG. 1, progrémming entries
ar-e_ made by first depressing the MODE key 75b and thereafter

15 either tl'_xe. 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 o
then numeral keys to program into the memory 54 a time indicative
of the tlme. period within which gas is to be injected into the

20 well with both motor valves open. Next, the PROGRAM KEY 75a is

| pressed again f|ollowed by the EXHAUST TIME key 754 and numeral
kéys to ente_r into memory the _time during which the second motor .

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

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

-20 -



* has expired and the tubing pressure is still .above a pre-set high |im
the well will remain open until the pressure falls below that val ue.
Simlarly, if after an off tine has expi , the tubing pressure is 4 I

below a lower Ilimt the well stays 2°closed. Referring next to the
schematic diagramshown in FIGS. 7A, 7B and 7C, arranged for view ng
as shown therein, the mcro- processor 51 is connected to be driven by

a 500 Jerr] clock driver 5 52 conprising an oscillator 91 connected
cir- cuit 92. The oscillator 91 includes a 1 Mz

through a flip-flo : _
crysﬁ&ﬁ LY d3%rs OFHi TIME skeynfider apdanpmeradokeysparg sequentially acti-

The m or S dnd X0 EE CrimecidocnEernd tong: pelocsushich Bp |iadicative
connect ek ot Mo EI g ceBEhC et s, Vhly e Ehal Lt e S1aRsa and
PG o or SRSSouR Y, Whdlih 2 TOhc o hne  B¥odtidiing | ddkameters aze
i olloeteplacid Cln CeRROREN M LGP 78 13 Shod "G ETERRR (4G hidory
keyboar d eareugt WéyBoard hosper phidd B négéta€oAddBt imilar 1y BYBYvammed

decoding latch 57 is provided to dermultiplex the data and address buses
fromthewdth QNITDHE! b6 Bpm-tHeOCELE89¢t mdtor VAIVEE(RI Ymakimisl tdee ™ in

RAM 20 menory 94 for the storage of neasured paraneters and keyboard
sgisctabthepemyuﬁnﬂhb(hﬂungem @eés_asravplbyakhbn)qfﬂﬁﬂﬂﬂﬂTSﬂIﬂE to close
| the first motor valve and open the second and OFF TIME to close

10 the second motor valve 9nd_shut?in the well.

| | Once the éystem is started by depressing RUN key 75f, the
micro-procé#sor 51 éontrols qperation of the system to provide
signals to the peripheral interface adapter 61, decoder 71, and
.bne-shot multi-vibrator 74 to energize both the solenoid drivers
15 72 and 73 and open both motor valves 67 and 68. After the first

"on® time period has elapsed, the first motor valve 67 is closed

to stop the injection of lift gas into the well while the second

-/ mdtor valve 68 remains open to allow production flow from the
ﬁéll for an additional "exhaust time" after which a signal is
20 - provided to the peripheral interface adapter 61 to effect the

closure of the'second motor valve 68. Thereafter, both valves
remain closed for a third pre-selected "off time"™ period until
-the cycle is begun again.

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

A



96=gnd 97 for the storage of programcontrol for the mcro- processor 51.
eyboard encoder 76 is connected 2 the keyboard 75 (FIG 5) to
[/ data fromthe keyboard into both 2 24- the nmenory 54 as well as
the optical display 83 fc observation by the operator. The output of the
peri pheral interface adapter 61 is connected to both a sol enoid decoder 71
as well as through a one-shot nulti-vibrator 5 74 to energize the
solenoids for a pre-selected tinme period. A pair of solenoid driver
circuits 72 and 73 are connected to "on" and "off" sol enoids for eachggf
t he t weomriedt ioh veithA theircpetat bbnesfethel compliet ine showrecirdPIG.t ¢
10 i nput of the peripheral interface adapter 61. A signal from a plunger
arrivaltieikeyboardofbeisecused dogiseledt RROGRAM, MODE candi phé| opmerd16Q
to provide a plunger arrival signal when the plunger has reached the top
positi andn thereafites., programi tbe %ot etpnegpemiod Mithin which high
controller so that if the plunger_ does not arrive to cause a plunger
arri valpxsgwe bgashcpXodect hen" Flaw ks £9s QSGHF cfOolipwingntelearing; of
-automatically cycle and close the first valve and sinmult neousl pen the
Second W\ﬂéelkﬂﬁr"ﬂ\é BEs $hee tdme, Within hich BRevael pds; Sé gSI B\}mlﬁg

| | Laced on the pl PR Whi ¢
eSot s AMET B ¥ 3106V boERRBIBE  RE 4R YR OFPo SEGUAN B ERger OPoR Lni-

tiation of the cycle by depressxon,of the RUN key 75f, the micro-

processor delivers a signal through the péripheral- interface
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 amplj.fier 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 time"™ period of high pressure production £low.
Thereafter, both motor valves ‘67 and 68 .are' closed for a pr.e-
programmed "off time" period and the cYcle is again repeated. O/
The system é-lso includes a "pressure override" featufe in
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-se't high
limit, the well will remain open until the pressure falls below
that value. Similarly, if af.ter an off time has expired, the
tubing pressure is still below a lower 1limit the well stays

..;,2’-
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arrival signal on the next signal. An air pressure fail signal is also
coupl ed through an inverter 63 to an input 25 of the PIA 61 while

high pressure and |ow pressure transdugégrs are connected as_inputs

the PI A and, respectively, provi de I ndi cations that the t ubi n
pressure is either above or bel ow pre-sel ected val ues. In additi

a battery fail signal 1is coupled through an operational anplifier 98a
and connected to the peripheral interface adapter as the BF |ead while a
batt er ywl ow si gnal of a sonewhat greater voltage than the fail is connected
5 - to tdleddd\ t hrough operational anplifier 98b as the BL | ead. As can be
seen, the circuitry of FIGS. 7A, 7B and 7C serve to route signals to and

from the ni crRefemncisy merndtbheheaschemardd @it ant YMAREMES FIEOUOPAL o
peri pheral interface adapter to effect operation as set forth above in

connect i @mAni (A€ ,F| @3 rangedl fand Viewimgpoasr SAYRnCi theieif3 COREI ShbcPb-
a pair of intercon- nected flip-flops 83a and 83b havi ng OR gates connected
to each PFOCRSSOn iktiscgapnectad dw he driweshbykey50dr KEnaskierk 7driver
AR B R TR SR AR I s AT
connect e§OEhT A aRBEn SR (RHAF o3b BACRUASS: e hiWig. GFUSESdod A ancoNK
o, SHSBH LE R 0 P eI D 2 e S il
diépyay-capacitors 91c and 914 and an inverting amplifier 9le. The
micro-processor 51 is connected to the memor§ decoder S57 by leads

10 comprising the address bus 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 components ‘including

15 the memory 54, the real 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
provided to demultiplex ghe data and address buses from the out-

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

20 memory 94 for ,the storage of measured parameters and keyboard
selectable programmed_data, as well as a plurality of EPROM'S 95,

96, and 97 for the storage of program control for the micro-

processor 51. ‘The keyboard encoder 76 1is connected to the

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

- 27 -
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@‘ of the gates 100a is connected to drive the tinme colon which flashes on

yad=of f while the unit is in operation while the other gate 100b is
connected to a "power save" colon which burns steady when the, systemis in
power save node and indicates that m ninmum power is being consuned. In
power save node, all processor and anal functions are powered down except
those necessary to main- tain nenory and€ssential digital operations to

conserve po - n the eyent | fy.Qqm.5 i ther, the
keyboar d de\é\gégr 7o c_(’)?yt hsél' r%%l %! ne \éopﬁREQ%éﬁ%%i prdr3?fr§cleasy asgi g &% on
the CLK | eadog¥gE¥ati¥f SGCRRALS oget el M8k Y SRty 9@e i@ﬁepgwer
save circuit is swtched dut of powe save node a power is efl ered to

all of the conpepeste f&HaPPeF algloniandeEyRbsiabd ondf dia shatusiohotlie
system 10 Multi-Controller Operation Referring now

to FIG 3, theecedes FNOVs aweChe@mt i th by Ng hed Shod ahi i yi OF it apger
lift well conpletions 101-106 and which are all controlled by a well
producti of co4t rtad | ene2gizensthact=siemo pdsorfitanca wptl-sbtedted temehi ngs
of the present invention. - Each of these wells may illustratively include-
a borehol e 1peeko@ndAngafiromb olrndatedvivehecéarthtdoi2 tamda 13 oaloei ng
geol ogi cal formation which is lined with a tubular casing 14 which is
perforated i aeaneegedntadj' aséntnd: feffr'oddionpidsoriait ieach offhthewtwo al so
i ncludes a 20 string of tubing 16 connected fromthe regi on adjacent
the per- forBPFohsvVabVefie surface and which extends out through the top (ij

t he casing througR a flow"T" 107 and a lupricator 29. The | ower :
“plurality of ext=2rnal 1nputs are connected to the

10 input of the peripheral interface adapter 61. A signal
from a plunger arrival switch 1is connected through an
inverter 62 and a flip-flop and 60 to provide a plunger
arrival signal when the plunger has reached the top
position in the tubing. An “on time" is pre-programmed

15 into the contrqller so that if the 'plunger does not
arrive to cause a plunger arrival signal by the time tﬁe
"on time" has expired, the controller will automatically
cycle and close the first valve and simultaneously open o/
the second valve. After the passage of a pre-selected

20 time period following a plunger arrival, a signal is
placed on the plunger re-set lead PR which resets the
flip-flop 60 and enables it to receive a new plunger
arrival signal on the next signal. An air pressure fail
signal ‘is also coupled through an inverter 63 to an input

25 of the PIA 61 while high pressure and iow' pfessure
transducers are connected as inputs to the PIA and,

respectively, provide indications that the tubing

pressure is either above or below




’

end of the tubing is termnated by a tubing stop and a bunper spring and a ~
pl unger 20 is nmounted for reciprocation within the tubing. Each of '
vel I's conpl etions 101-106 nay be essenti alggi dentical for illustrativ

pur poses, and the output of each flow "T" I s connected, respectivells
through a one of a plurality of notor valves 111-116 to a common nmani fold
117 connected to a 5 separator 28 and a gas sales line 32. Each of the
nmotor valves 111-116 are actuated by a pair of solenoids 121-126, respec-
tivel y)»thi ch are connected for operation to the well production controller
26. Due _to the expens f ovi ding. as an I I or

capaci tf‘ﬂ’ﬁe%?ee‘%&rg?d; gﬂag'élzﬁalr‘ons,'iﬂi tg&lpgil'y?l?équ%nﬁa&tgegi rg ?3 ?(})Qggéra{'%

only on%%(#é)'éﬂ?&&iﬂ ﬂ._&géi—é;%naxpafnbmﬂi@rr '9igAE ¥ iWhnectid® to the

control I'er the preSent invention 26 serves to sequence a nultipl e of
vel |'s bejaisihernl Ointapade ‘sdapter i, tAaC/BF (ledd pwRitel actbattémP low

period of "on" tinme and "off" time 15 in an orderly fashion. That is,
by ent efdjfhdincof 0R' donBwiyl gpéhtekri MOltaigecactiarof thie fplilr als tgomdeakeds
in the array, the controller will performan orderly "queing" function to

t upn t haovalHes PIR i thecugknoperationaldampd ifiilelr 198 e iBL beads in
which the wells each reach an expiration of their "off" tinme. 20

Referring txs Fddh b&, seeme th® dirphidgry ofsiFEGSar 1% t1HR and plGysepvef to
FIG 5, with al phabetical characters H E, L and P to indicate both alarm
conditi aeutendsignadist teatand &ramndhe aPicKarREPELSSAT | ARRcAhe (YRRious
The—st at us portion 78a indicates the condition %f trle _cr}/cl e_of oggragi on, of
t he cir @eniphexal r@emponents through the peripheral 1 terface apter to

effect operation as set forth above in connection with FIGS. 1
10 and 2. - d
- ‘The power save circuit 83 consists of a pair of intercon-
nécted flip-flops 83a and 83b having OR gates connected to each
.of their reset leads. An output from the keyboard encoder 76
through OR gate 99a is coupled to the first flip-flop 83a. An
15 . output from the real time clock is also connected via the CLK"
lead to the other ihput of OR gate 99a. An output froin the set
”\/ 1lead of flip-flop 83a is connected through another OR gate 99b
back to the micro-proceésor as the WK. lead. Output £from the
_flip-flops 83a and 83b are conné&ted through a pair of EXCLUSIVE
200  OR ga’ﬁes 100a and 100b which are connected to drive the display.
.One of the gates 100a is connected to drive the time colon which
flashes on and off while the unit is in operation while the other
gate 100b is connected to a “"power save” colo.n which burns steady

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

- 2,5'_



TIME - Por OF TIME - Ewhile the remaining tine is
emented in hours, mnutes and seconds in display sections 78c, 78d and'

,' respectively. The wel | nunber being erated by the caontroller is
shown in section 78b. 5 The systenzzg programed in the nulti-well
configuration as follows. First, the PAUSE key 236e is pressed to stop the
opera- tion of the circuit in whatever state it is in. Next, th
PROGRAM key 236a is pressed followed by the WELL NUMBER key 236b and 3,
nuneral to indicate the particular well. Thereafter, a 10 - ti medgkey

Tho 1 mPTRED LR SRing BindndRP) THCbodts Uils koBHI" R, [Geddegt *dnd"

full seﬁﬁm&%. : e d Falay Qﬁ%gg%ﬁ l&@g% I :
sel ect the we If@%ﬁf%éﬁg S?QCEEQ%INE E%&s an Jhera §yto se %ﬁggfﬁg @?%gf
The 15 tafPOmeReey andEnegéent VALl didlileadn dpePst PoRs Ob lddredvy '?Hver
wel I's has been entered into the nenory. The operation of the controlTer 26
in conjunction with the nultipte- well conflnguwas i @Renef ofFlaGsignal | Eroke
exglained in further detail below 20 Optim zing
Cofit r ol |eetrthgaer theokeydfoand ndecodet o 76| @r 4thd heeali simeowlok 59, which
illustrative sche- matic drawing of a-plunger lift oil well conpletion

sim | ar produess afsiges]l onathe3 CLEhdiedd evarweiive sseponds edis nrecedved

dance wth various neasured paranmeters by a well _production
through gate 99a, the power save circuit is switched out of powe -

NS
save mode and power is delivered to all of the components for
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 lift well completions 101-106 .

apd which are all controlled by a well
production controller 26 constructed in accordance with the
15 teachings of the preseﬁt invention. Each of these wells may
illustratively include a borehole 12 extending from the surface

of the earth down to a producing geological formation which 1§-/
lined with a tubular casing 14 which is‘petforated in a region
adjacent the producing formation. The well also includes a
20 string of_tubing.ls connected from the region adjacent the per-
forations to tﬁe surface ahd which extends out through the top of
the casing through a flow "T" 107 and a lubricator 29. The lower
end of the tubing is terminated by a tubing stop and a bumper

spring and a plunger 20 is mounted for reciprocation within the



controller 26. The well includes a borehole 12 extending fromthe surfa e .
of the earth and having a tubul ar casing 13; tending fromthe surfacg

to the producing formation at which per- 2$|ons 15 are forned to a

t he- passage of fluids and gases fromthe formation into the casing 14
wel |l also includes a 5 string of tubing 16 which is term nated at
| ower end by a tubing stop 23 and a bunper spring 24. A reciprocating

pl unger- 20 is nDunted for movenent in a vertical direction up and down the

t Ubi NQiwi16. gk end of__the casing is closed at a well| head 18 and
has protF%E#ﬁg-th§P€ G@afhﬁaﬁ?%*Fcﬁ°@?&@¥ﬂ%ﬂﬂglﬁb‘1°5 waYcRe gssenddadly

posi 11 onas 3?#3&&?@9' ELLigrEabiye phrpRsaznand e | aSppE: Bedeash flow

{Eé" fﬁ%.en’é" RorLaa <8 erwei ' DebbRekavan. BN o peccohnacpftaliey
1 I i d 3

the we ?f”ﬁf%ggﬁf‘r%ﬁ"%%n}}& 36 53 41k Shneh rAiE LY Shnefctna ke o

vagve 134, Basgedr! g@‘gﬂgé A tualsa‘{l § 1igw 33d PlEatH &f SERSOmB b33 v%riqfes

134 into a separat I ng presSSdre tenpérature are non

20 -t d11r o4pd tAANSHUSET 3 4 5
moni t or g%§|%%apressuf£ and ten%gfa?uﬁgglé gﬁﬁh?%gﬁ§g§§? ¥r6%?€he§%gpk%i
separ at of i 339 , N/ ilcHPEF @t HbRnebt@BS Eok aﬂs&zfdmx{ & EREI hendp%d%@tq%ﬁ
136- 138, respectlvely, into a storage tank . The gas flow fromthe
seb@r‘ at Oéo&BEontLews Zehr ough

' Due to the expense of provxdxng supply gas and/or compressor

10 capacity in remote logations, it is frequently desirable to
'6pérate only one of a plurality éf wells at a.particular time
period. The controller of'the present invention 26 serves to
'seéﬁence a multiple of wells betﬁeen an "on" aﬁd an "off" state,

each for a ﬁre-selected time period of "on" ;iﬁe and "off" time

15  in an orderly fashion. That is, by entering the “"on" time and
"off* time for each of the pluralitf of wells in the airay, the

controller will perform an orderly "gqueing®™ function to turn the

wells on in sequence in accordance with the sequential order in
which the wells each reach anfexpiration of their "off" time.
20 Referring to FIG. 6, the LCD display is similar to the

display 78 of FIG. 5, with alphabetical chéracters B, E, L and P
to indicate both alarm cohditibns and circuit status, and numeral
‘characters to indicété times. The status portion 78a indicates

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

- ?{L



Znperature, pressure, and flow rate sensors 141, -142, and 143, into the
gHbales line 32. 5 Z The

t of each of the tenperature, pressur ,gand 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
controller. It should be 10 clear that in other aspects of the invention,
the well paranmeter nonitoring -transducers 133, 134, and 136-146 coul d-be
sel ected to neasure other desired parameters, e.g., oil/water ratio

supply that -information to the controller 26 for use operating the- V\ETI or
wel|s. P¥ TIME prse® @BonOFEst BEMEshed E pwhidiey| ¢he oremadndngoi time is
engi neerj ng, there =~ are certain pressure/flow relationships in
a wel @Gﬁﬂ%‘ﬁ‘b’%ﬁ%l*@h hepESe tminptesuand ocdeconda firomdisgplayl | se€bions
exanpl e, eterm ned that by--calculation of the Ideal Tubing

20 Pr esgt?rce f?@&n 8 ab %heHePBPSFﬁUﬁéﬁ‘hps TQ)Tl‘delvbl P;&?’eé’péz?nﬂ T’slaqrated
f that t before e well--1is
gggﬁgéeay}%ﬁcﬁﬂgﬁkﬁg fr of gaﬁn & r?le%tté'g’e“tl bﬁ'; cyclg to achizgvfe
h , e or a
- Sk ?sgﬁﬁﬂl%n}w# $8) 10° SHY B Rl GaiTiaias fip Pae
t ubi ng EBQ%%WSE 'SFQF@@t efhéhﬁﬂUEEekE§l 9‘3'6@ qd pq:%@se% o Yo NghdY opera-

flowi ng the wel
tion of the c:.rcuxt in whatever state rt is in. Next, thu

PROGRAM key 236a is pressed followed by the WELL NUMBER key 236b

and a numeral to ..indicate. the partioular well Thereafter, a

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

numeral keys to program the t:.me into the . memory. Each time

period programmed requ:.res the full sequence to be repeated,

namely, PROGRAM, WELL NUMBER, numerals to select the well, ON

TIME or OFF TIME keys 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\J .

multiple well configuration of FIG. 3 will be explained in

further detail_below.

20 - '. . Optimizing Controller Operation
. Referring now to FIG. 4, there is shown an illustrative sche-.

mata’.c drawing of a plunger lift oil well completion similar to
those of FIGS. 2 and 3, wt_aerein the _wel_l is operated in accor-

dance with various measured parameters by a well production

-2 -



3/ shorter period (or shutting it in for a longer period if the actual

tubing pressure is lower than the ideal pgpessure, produc- tion |levels nea
opti mum can be achi eved. However, the pr ébre/flom/relationships in a wg
change with time and nay vary substantially for a particular well bet-
ween visits by an operator to adjust the timng cycles. The controller
the present invention includes the capability of regularly, cyclically

5

measuring the various flow pressure/tem perature paraneter of one or nore

wells

condi ti

wrid controlling the operation based directly upon the use of the
noni t or e‘EPVa'F%%an 2§@ Thg| yalk hhachréesr c@rhﬂﬁeéo

the result of t
di rect,

tat 32 mrxtenting oframd
Iculatlons and deC|S|ons Thi s enabl es

Yﬂﬁn??ﬁ § oﬁ rEgFoﬁaSF a 3R h Qﬁ}Qﬂﬂﬁ KHPRIAT 1ea6 PR L8 e¥Rendéng

an i I’l.dl Vi dual %WE' Isuorrfaacn eatglrg}e %lg/e vvei | s, bas??ﬁm ggagf%alﬁeﬁgyﬁgg

of the
PRESSUR

(B ER8AE 00 SeReR ] par%Pcﬁ 3?‘*&2#%%%%5#3 thaide o gnres

| : : ,
L&%&b&&ﬂw th&5ED mat fon. intg tie/REEInG LWNG“%&E&@UF@%#@E%%@QS' 3
there argy rogs dasimyg S16hivHi det esMie ditfatéd att Cllogef! &by a

conpletion wiTl cycle, such as depth of the well, gas/fluid ratio, das
gr adi antgubin :dtoPremh aana an%uﬁ@‘élrngsp’ﬂﬂmé ubigng A Aciprid@dtifg Plunger

particul ar we
o

10

15

20

build -
20 is mounted for movement 1n_a vertical direction up and down

the tubing 16. The upper end of the casing is closed at a
wellhead 18 and has protrudxng therefrom a section of the tubing
whxch includes a lubricator 29 to receive the plunger 20 when it
is in its uppermost position. In additxon, a plunger arrival
sensor 30 is provided to J.ndl.ea-te when the plunger is in its
uppermost position. The upper end of the tubing includes a flow
*T* 130, the output of which is connected through a motor valve
131 operated through solenoids 132 by the well production
controller 26.

The output flow line from the motor valve 131 passes through
a temperature flow and pressure sensors 133 and 134 into a

separator 135. “Actual tubing pressure and temperature are moni-
)

tored through transducers 139 and 140 while transducers 145 and

146 mon1tor casing pressure and temperature. The liquid flow

from the separator also has temperature, pressure and flow rate

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




T +
@Jp pressure fromthe reservoir sufficient to nove the plunger to the
surface and renove a load of fluid at a characteristic rate and there is
some percentage of the net pressure at which the well will cycle over
wi thout a risk of the plunger getting stuck 5 in the mddle. A FACTOR
as sone two digit fraction of the NET PRESSURE is experinmentally determ ned
and programred into the system A MAXFROM FLUI D PRESSURE i s next

k]

e T s g sas Fiov L Dyt ST 0%
. .CASI NG MUM FLUl PRESSU
PRESSURE Th empet%aetd(\:ég?](t r SFFEFY 5& i o%‘?%a:ﬁf? en’é?ffl’ zé?“FPéﬁs?E‘g%r sREIt4@ "5

nmeasure th r [LaTe ce t m ne an | DEAL TUBI NG
PRESSURE a(ra?él\&tahiel?%ALaé {Eﬁé’ Rié?%%( t]'h a? l'ine pressure is |ess
than the ideal tubing pressure then the well _shoul d be opened for flow,

if not the well should be shut-in. The wetl production controller 26 of the
20 imwvention-in the enbodi ment shown in PIG 4 noni §Qes Sk q:agfng
pressure by neans of transducer 145, the flowi ng separator pressure by
means of teardduckrtid 2teapdrabartybiprespuessurand hf ppnghrhtansewmeeir s139.

The factor is established for a par- ticular well based upon the ability of
~the well tarlei fecomneotednto B3 well production controller 26 -and.
each supplies a measured value thereto when the ;-;
transducer is energizéd by  the controller. It should be
10 clear that in other aspeéts of the invention, the well
oaraneter monitorihy -transducers 133, 134, and 13o 146
. could be selected to measure other dealred parameters,
e.g., oil/water ratio ‘and supply that Informatlon to the
controller 26 for use 6pérating the well or wells.
15 Based upon established 'principles of reservoir
engiheering, there _ are certain pressure/flow
- rélationships in a well ébmpletiqn .which relate to
optimum production from the well. Fdr example, it has_'—\J i
been determined that by -calculation of the Ideal Tubing
20 Pressure from established relationships for .a' well, "an
operator can compare-the Actual Tubing Pressure of that
well just before the weli- 1s opéned and adjust a
conventional intermitted timing cycle to aéhieve optimum -
productioh from the well. That is, by flowing tube well
-- 25 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



of fluid and as a function of the gas/liquid ratio and programred into
control |l ed nenory. The wel |l production c roller 26 cal cul ates the
trubi ng pressure in accordance with the af said algorithnms and conpa
to the sales line pressure 5 measured at transducer 142 and, in th
event the ideal pressure rises above the sales |ine value, the notor valve
131 is actuated through sol enoids 132 to open the well and permt - | peessuge
productton flow therefrom 10 Ref@r khilGi@Wh®nFlGrsge tsHere to dhovft' d

oy, heBharLEE DL NE BRLENILE! 1 TereREomne A heb i REERLRY
Crock dri yarP S8 SNAPCRead ohndh Rl 8 L0440, 157 by "otne of an

data and addr oueRet TSR, TR Ll X ASAGHINGE Tl Vo "L Epfnge
155, tho Shiput o v e g cend oL IEELFUER B BRILIGRAR B Thess

175 as wehéens visithe 1bRalahi Bperardy 188 %HBL?S@Y%h@m@ﬂﬁﬂdfr-c Qes.A bepe
system 201 con- nects the system decoder and the real tine clock to a
peri pher atonttellece actlapher piFsertaviingentilow aindludési the! ScagabPlity of
vol tage detecting network is connected to the input of -34 an
oper at i oneégukprilyi,ercgOBicaltly prneasueing |the bekrdbusvofleggpeegsalkef/tem-
the analog circuitry (anal og battery) - ' ‘

\_ perature parameter of one or more wells and controlling the

operation based directly upon the use of the monitored values in
10 algorithms pte-programqed into the processor and the result of
the processor's calculations and decisions. This enables direct,
continuous operation of a well to achieve optimum produétion from
an individual well or an entire field of wells based upon actual
qperating conditions.
15 Purely, by way of example, in illustrating the ‘use of the

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

\v/ _PRESSURE can be determined for a particular well by means of the
following relationship: |
) _ECASING AVERAGE FLOWING NET
20 ~ PRESSURE ) SEPARATOR PRESSURE ) PRESSURE

Por_each_well: there are numerous factors which determine the
rate at which a plunger completion will cycle, such as depth of
_the well, gas/fluid ratio, éas: gradiant, fluid gradiant and

casing - and tubing sizes. That is, a particular well will build
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t he input of the peripheral interface adapter 202 while a |ow

df)t age condition to the digital circuitry (digital battery) 1is connected,

- through an operational -anplifier 204 thQ_r_ovi de an indication to the
peripheral interface adapter. An output froma casing pressure transducer
I's connected fromterm nals 205 through an operational anplifier 206 ana an
anal og aigital converter 207 to the peripheral interface adapter 202.
Simlarly, an input fromterm nals 208 fromwhich is connected a flow/ine
pressure transducer is connected through an operational anplifier 20&fna
the A t@P [PEBR§BFecfroR thie iFRIRIWRix haufiirpratata maye khe spbprger260.
In addition, the output of a tubi pressure transducer is connected from
ter mi netRe JRBEERAFEUGING FEEBONS afi JRad A6 FIRER 8813 FRARARESFists rate

converter,t heral_interface adapter 202, provide

N EA g aTAT A b L fu oy

pressgr':ge,fflgﬁﬁﬁg?#&g r?rv&tsd'fle,h%‘iﬁ ?usfﬁg Bt é’glt‘}‘h%%ﬁu%%}:glﬁgnﬁéﬁfgd
FYEETROCT I R TV T T g
Cr ahst SSsY8e MY CekBlrueRi 1y PetEniRel’ 20507 Slodifmda) Sico PEhET

transdugpdeyer termnals 214 to power the trans-

A MAXIMUM FLUID PRESSURE is next determined: ~
NET FACTOR 'MAXIMUM FLUID
10 PRESSURE . ) - PRESSURE
and
IDEAL TUBING ' CASING MAXIMUM FLUID
PRESSURE B PRESSURE PRESSURE

Thus, the controller periodically energizes 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 thé well should be open"ed for flow, if not the
well should be shut-in. The well production controller 26 of the

20 invention in the embodiment shown in FIG. 4 monitors the casing
pressure by m'eans of transducer 145, the flowing separator
pressure by means of transducer 142, and : the tubing pressure
through transducer 139. The'.factor is established for a par-

ticular well based upon the ability of the well to lift a column
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ducers and produce an output reading I ndi catiye of the respective N\
pressures. Input froma "digital" batterg’;{s provided to |l eads 215 @ ‘
are connected to a digital battery regulator 217, the output of which '
powers all of the digital conponents necessary to 5 retain menory and
continue regul ar operation. A separate analog battery is provided for
powering the anal og conponents such as the pressure transducers and is
operated through a pomer save circuit which will be nore fully expl ai ned
bel ow. W second heral interface adapter 219 i's provided and the 10

out put ofomlcthi«f sa nﬁ%c!eﬁut‘ﬁFéeghoé 559 238 /1d ga ido|ratdiql and (areg pammed
connected to actuate one of. plurality of solenoid drivers 221-226 which

controlt#ﬂ?&ﬂﬁhﬁlHﬂ??ﬁ°¥&ﬂ§w”9§9§¥ﬂrt?hﬁ Mﬂ%|Fﬁ%PdWﬁﬁ+°"eﬁE&&ﬁﬁé¥¢

E'o?neﬁt e thesn t; JARRL SOIRd “BrebBiis | 38, ReePRdaRRR, Tith, rebe
2
per i p grgaor#] L84 tg;gﬁ@gt%s Ja%mmgfﬁe °3% el ehy 981g! ke 4L

an operatron I hpu

of ghe p hpt ‘?:rrfai‘xcs%vﬁ.f?zpt £422134 le@ Uﬁ?& ehtVEh tqrdgﬂalpgéésufe

connecte to a plunger arrival detector ( and provi Jes 20

signal  iigiidabddé PeheO0Ba2d6 12nkNdaldes MR Adtordlvaivel mvnmraaéua‘aea
upper portion of the tubing to the perlpheral i nterface adapter 219.

air presymrodgh |36Peslei@st DB2i $oCopenN@tiecheld ta@VdTigpetmidS Gprodu ¢t Don desoe
signal to the peripheral .interface adapter 219 in the event of a failure of
t ha_conmprdsrssfromai r supply in response to which adaptor 219 oper at est he
‘ot or val ves.

10 ) |
Referring now to FIG. 6, there is shown a block diagram of a
system constructed in _accordénce with the invention for the
operation of the well control system shown in FIGS. 3 and 4. 1In
particular, the system includeé a micro~-processor 151 driven by a
15 ciock driver 152 uhiéh is connected to a line driver 157 b?.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
to a memory 154. 1In addition, the miéro-processor 151 is con-
nected to a demultiplexiug latch 158, the output'of which is con-
20 nected to the memory 154 viauthe 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 timé clock to a peripheral

- interface adapter 202, having a plurality of inputs.

A low voltage detecting network is connected to the input of_
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| ti-character liquid crystal display 241 is provided with a pair of
digplay drivers 242 and 243. A bus system 201 interconnects the display
drivers 242 and 5 243 to a keyboard encggler 245 whi ch decodes a keyboard
236 to display informati gn encoded by the keyboard jnto the nenor

Further, th@oRRSCALIANY) APRUME IRy H WD RFOYHDsarie" RaFFen¥

itens of

val ues of 1Q ne r e anet ers_wit hi ystem. and th urrent,
operati ng s%é’t ugﬁ‘gf % W o2t f’ﬁ%r _ﬁ%iébﬁ&af %Iﬁe%%ﬁ ngtd%§t55 _
circuit 250 witiileh ar dondyslddae reddétlohe Yeowehe coriquimali onnioctu_ihey*‘
control l er quiiiq A0Shalkekhs 11858 QRALIQD Qflqrtc:tlfg}f%’ﬁke%%gpél{:ibﬁalt he

power save 15 circuitry 250 operates to power down "a [
th QrRIfRIpBuRR dRALFagiongHA the rRekipREratt her
fromthe reghtldrfcd @dapgiera periodic basis or froma keyboard entry

essenti al

f @MBLilS T

154.

Melage Sitjhalastqy evheUsahy 1pyogriamna iy nesn#Bog\ebht B8y Ar i ous

e contro conponents

- of the non-

e %

i ndi cative that the %itemig bei ng programmed_or ,gyeried for informtion.

Either of 20 thes¥ t
measur enent sommédcee | fframy acrimimaleed20D behtaken. ah coapebaciendll| y

o£Q0 oY LM A a§+%ggagggsga%n%@t%;ggdﬂf oyl @gl e

" seen how th%
uat ed 25

wel | productt

BY&nt $TO8 v {52pbIEr RPETRRISystEAPEAUGRe 1S

n-control system of use Key e l1s ac

to stop opepsgriiphesalt héntenfrckel eadaphlext ,2@2 codd nid agrityor ednvi dnkeyboar d

236 to indi glos tdMnide1 £OBLEOI IR I SnitR ke comp&sk
wel | control

pressure transducer is connected through an operational
amplirier 209 ana the A to D converter to the input ot
the peripheral interface adapter 202. In addition, the
output ot a tubing,pressure transaucer is connected from
terminals 21U through the operational amplifier 211, and
the A to D converter. to the input of the peripheral
intertface adapter 202, provide substantive measurements
of the precise values ot casing, flow line, and tubing
pressures any time these transducers are energized. The
casing pressure, flowing 1line pressure, and tubing
pressure transducers connected to terminals 205, 208, 210
ana 214 may be transaucers 145, 134 and 139,
respectively, of FIG. 4. An output from the peripheral
interface adapter 2U2 is connectea through a switching

'transisﬁor 212, a fiela effect transistor 213 and an

analog battery regulator 216 to supply voltage to the

transducers over terminals 214 to power the trans-

edl 8 fitdie 1iRWltiple



-37- configuration and then the PROGRAM key 236a pressed to prepare the
controller to receive information. A VELL NUMBER key 236b and then nunerg
lleys to select the well and an ON TI ME key c or GFF TIME key 236d ayt
used to 5 assign a well nunber and "on" or f* times for that well.
entire cycle is repeated for each tinme on each well. A location wthiR
menory 154 is allotted to provide for the reception of keyed in nunber @and .
time information for each of the notor valves 111-116 of the six wells 10
101- 108stontrol | ed by sol enoid drivers 221-226. Each well is given a nunber
desi gnati , r ~38" rhi n va@fifve {d | '

the nomry o hand SEEEE an, BRLRAR reping ot cltive ST aas e HYe
the nenppessiiresis 1aput! terbmf&r "allgakad® BHtte¥y Chs1proRdaledC Wi l1eads
wel I's have tined down to conplete their "off times" and in what sequence

t hey tin2dsdomniandaver edrimscteahdyot @ ldigitaY nbatedryniregullatoan 21t At €he
Thus, only one of the well notor valves 111-116 is actuated at a tinme but
each ti noutipit o wiicheporeéts aDl- of6thef Higd tali mompbunenbginezkssaryi tod
be then placed in a sequential queue with the other wells ready to flowin

t he® or dereitaivhi memong; andofcon tiinwes "regw bapyveperdbion .valh eepariat Gamakog
sequentially driven to the "on" state to open a well in accordance with the
wel | ' s pbatitiesy i st Rroyided afops paNardng nkhe b pnado g ¢PmPeReRESsGucts 1as
It can a%ﬁ% be readily seen how the controller system of FIG 6 serves

to. oper PRESSYSE FLARFIRFeuBctath d8ntIRFraYRd efhgough a power save

circuit which will be more fully explained below.

A second peripheral interface adapter 219 is provided and the

10 output of which is comnected through a bus 220 to a solenoid
‘decoder 221 connected to actuate one of a plurality of solencid
drivers 221-226 which control the plurality of motor valve in the
multiple well embodiment of FIG. 3. A low digital battery
voltage detection network 231 is connected through an operational

15 amplifier 232 to the input of the peripheral interface adaéter
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 plunger arrival detector (FIG. 4) and provides

20 a signal through flip¥flop 236 to indicate the arrival of a
| p;unger at the upper portion .§f5 the tubing to the peripheral
interface adapter 219. An air pressure failure detector is con-
nected to terminal 236 and ﬁrovides a signal to the peripheral

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



‘;E; 4. Casing, flowing |line and tubing pressures are nmeasured by :
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f wells. Referring nowto FIGS. 8A-8D, there Is show a
utilized to observe various items of memory such as

previously programmed times as well as various values of
measured parameters within the systenm and the current
operating status of” the contrcller. The components within
the power save circuit 250 which'are.adapted to reddce
the power consumption o0f 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-
esseﬁtial functions which consume power until a signal is
received either from the real time clock on a periodic
basis or from a keyboard entry indicative that the system
is being programmed or queried for information. Either of
these two events serve to power up the system to make
measurements and see if any action needs to be taken.

It can be readily seen how the controller system of
FIG. 6 serves to operate the multiple well prdduction
control system of FIG. 3. The pause key 236e is actuated
to stop operation of the controllers. Next, a code is
entered via keyboard 236 co indicate that the controller

is to be wused in the multiple well control

nore wells should be

o~

»
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di agram of the systemillustrated in block formin FIG 6. As can be
seen, a clock driver 152 drives-a mcroprocessor 151 pre- ferably of the.
GMOS type. CQutput fromthe m croprocessor 151 on the address bus 156

provided to the line driver 157 and 5 mul ti pl exed data both’ into f
out of the mcroprocessor 151 flows over_ghe data bus 153. A line drib
I's provided at 150 to nove information into and out of the nenory 154 which

consists of adAMidwaeties anit kheh PENE APROGRAM kEPRMest nigts.
A denulyti pl exi ng Igatch - 158 is provided on the glc’iata %bﬁésﬁgtg?)e§0 o

denul tiplex tiperepaput theoneéhersireppriaceseeeidadl. intdbgat 8bah 108 wWrs.L
connected to the real tinme clock 159 via bus 177 as well as the nenory 154

and the total NIMBERNkksc02i26b280d tBehpuumelradmidie syt e sleeodne Q190
both to the nenory 154 as well as to each of the peripherals. The

mul tipl ex dat &AsuRREN CBIME ekegdaf3d6tsor OFRIAIME keand23bdt apk used to
informati on anong each of the peripheral units such as the real tine clock
159, the kéyb@Ht9Mhcddeelizsnymber| lands tor" f orst" afhil" seédoed peor phbaal
interface adapters 202 and 219. The analog circuit for use in connection
with the neast&lidg e engireceraiedafarereakedcdom qach i bimefoRl €ach s
contained in the anagl circuit 320. This conprises term nals 205, 208,
and 210 to red& %Sicig’r%tsm’f rETT R He RERPGY 194 nks apdlottigdnge previdee

transducers thrqugh the operational, a i fiers 206, 209, and, 211 which pass
through an an-ra%loog%[hc‘)a i 1 A Lo rﬁﬂ@%@?ﬁi‘ﬁ‘f’&"?ﬁea ¢188% A5 rmatSon

for each of_ the motor valves 111-116 of the six wells
10 101-106 controlled by solenoid drivers 221-226. Eacn well
is given a number designation  and, thereaftér, an "on"
time and an "off" time is keyed into the memory to be
associated with each well. In addition, a location within
the memory 154 1is allotted for storage of which
15 particular wells have timed down to complete their "off
times" and in what sequence they timed down and were then
ready to be intermitted into the "on" state. Thus, only
\,/ . one of_the well motor valves 1ll-116 is actuated at a
time but each time that one of the wells 101-166 "off
20 time" has gxpired, it will be. then placed in a_sequential
queue with the other wells ready to flow in the order in
which . their "off times" were ovér. Motor valves 1l11-116.
.are sequeptially driven to the "on" state to open a well
in accordance with the well's position in ;he:queue as

25 detérmined'by the micro-processor 151.
It can also be readily seen how the controller
system of FIG. 6 serves to 6perate the optimizing

production control system of
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<§§§§fpheral I nterface adapter 202. An input fromthe battery on termnals
1s periodically passed through a fiel ffect tran- sistor 213 and an
anal og battery regul ator 216 to energize r- mnal 214 and power each of

t he pressure transducers to receive a 5 val ue reading theréefrom A first
operational anplifier 203 is connected to a voltage dividing network to
nmeasure | ow anal og battery condition while second operational anplifier 204
is connected to neasure a dead anal og battery condition and provide ap.

i ndi cation through the 10 anal og/ di gital converter 307 to the peri Qhier al

% CEG, HaP adiiia rRbULLY) I3Hd Cha R0 O hoeh IR £ MaREhARE
det ectipd {bya %Eéks23ﬁxéﬂda92eb§gﬁ3§¥c{¥¥#'édé¥ f;%d'ﬁioﬂégﬁspSE'g@%égted

interface adapter 219. 1 I"'enol iVer: L Feui are c

to thepetbphehals MEL f 8ee prbuice Rélstried vHives mb&eu&hoﬁsor@n SlagE-

mul tivibra- tor 251 and a sol enoid decoder 221 to power a plurality o

not or wiraks SPOSPOR08Yr anar 2182¥hd2h ar¥ pidsdd esstbegh athelre &r8Babnan
ead 236a provides an indication to the peripheral interface 28 adapt er

19 whampl bf permgR065y r 208l, saghal2ldn tehei analdds po0\digitasl adohwdreaki on
through the flip-flop 236 to.the peri-pheral interface adapter- 219. In
parti c20%s , anfle tdie cperiphepelatigetentacevadapdest e2@2 i tooptheat nboroproke
wel | conflguratlon shown in FIGS. 3 and 4. - 40 - I n anot her aspect, the
comuﬂﬁﬁﬁﬁﬂrthﬁlpregéhb eachnmeasurement, the microprocessor 151 deter~_

mines an ideal tubing pressure in accordance with the exemplary\"
algorithm set forth above. In the event that the calculations
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. If the sales line
pressure is greater than the ideal pressure, a signal is given by
the microprocessor 151 to open the motor valve 131 by means of
solenoid driver 220.

It can be seen how ffom the illustration on optimizing well
completion of FIG. 4 and the circuitry of FIG. 5, that as the\y/
sophistication of reservoir engineerin§ increases to be able to ‘
quantify the relationship between.one or more of various wells,
algorithms can be written with which data can be evaluated and a
decision made ;s to which of one or more wells should be placed
in what state in order to achieve optimum production from the

- plurality of wells.

Referring now to FIGS. B8A~8D, there is shown a schematic



be used to nonitor well paraneters and only allow production flowin the
event the quality and quantity of output jus2ified the quantity of
injection gas required to produce that flow For 6 exanpl.e, in g
of fshore field where a conpressor of a given capa- city is being used
sequentially supply inject gas to a plura- lity of gas injection

conpl etions, such as those showmn in FIG 1, it is desirable to utilize the
conpressor capacity in the nost efficient manner. Thus, the broad concept

of thexpresent i nven- tiop.|ncludes_a controller for |inking

pl ural 17 yIAITRR | S aﬁ&eméﬁﬁF4¥w1%%HFF6FFﬁ e RAQUet BlehPe@HQthﬁs As
lied t |, th d bt d, th I d
ro” ductth BF LPaeBt & Harahd HET fﬁér@ag%%%f SOHAERRAOH AL oL 5} Bre-
duct d I d whet h
oo AT ST O oA ot aen )
to obtainydabddids blagOlse! Nee "hiof Fadhlled NeRdd § Mol UEHed2957 ana
0 pro uce a di ren

‘capacity utilize ere a greater productl

ef 15 Ci engy( 1tSi P &e&d! dataTh%o 'Px' heomeéé.%gwte 88l Ie4d eqhil ro' %c‘%?ééd/r a'igl

sanpl ed againto re- eval uat e whet or not 1ts production

effici en@idiad dver eeseddaeaabagl 5 30hi oh 1401d dd usde fiis ISevPaEaNagf 150 to
producti on. This approach optim zes-the utilization of avail abl e

product i moveesinfsrmat bonbiatd and GUD foft Whe mexmory ADHwhionh Eonrbidsts of
VM|Ie particul ar enmbodi ments of the invention have been described, it is
obyi pus tthaRAhatggetietr nmedith cat | phermyitiye afidecEPRS cstonagestuditsenni A
mnt t he scope - of the invention. It is the intent -that

t he apperiemhktiplexitnger latich 158 is provided on the data bus to

10 demultiplex the output'from_the microprocessor 151. The latch
158 is connected to the real time clock 159 via bus 177 as well

.as the memory 154 and the total s}stem decoder 200. Outputs from

. the system decoder 200 go botﬁ?the memory 154 as well as to each

of the peripherals. . The multxplex data bus 201 carries data

15 address and control information among each of the peripheral
units such as the real time clock 159, the keyboard incoder 235

‘as well as the first and second'petipheral interface adapters 202

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

analog circuit' 320. This comprxses termxnals 205, 208, and 210
to receive sxgnals from the ca31ng line and tubing pressure
transducers through the operat10nal amplifiers 206, 209, and 211

which pass through an'annlog to'digital converter 207 into the

- 39 -
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égg:ych changes and nodi fications. 5 10 15 20 -43- CLAI MS 1. In a system

or-~controlling the operation of a petroleum producing well having a
mot or val ve connected between the output of ,the well and a production
flow sales line, conprising: 5 sel ect i%&y programuabl e nmenory neans;
means for storing in said nenory signals indicative of a set of criteria
for governing the opening and closing of said notor valve of said well in
response to conditions in the well in order to obtain optinum.,10
efficiency in production flow fromthe well; neans for periodically »§
measuring physical_paranmeters of said well; processor means connect ed

to sai dPeFd@herak oinperfagecadaptesastiing PRydinent phiemetles battenyy on
eval at | K ERIRALE Ak pertombrat LY erssed ehrgish s igldoattrcs wwran-
valve | notBEsinal§ohBa An” TRATes PRRCerPoreghinemt *Hfs T eRtabtiad i

in

3

minal 214 and power each of the pressure transducers to receive a

- value reading therefrom.

A first operational amplifier 203 is connected to .a voltage
dividing network.to measure low analog_battety condition whilq;)
second operatiohal_amplifier_204 is connected to measure a dead
analdg battery coﬁditiqn and provide an indication through the.

10 ' anélog/digital conQerEer 307 to the peripheral interface adapter
302. Digital battery condition is méasured by network 231 and
differential amplifief 232 while dead digital battery condition
is detected by network 233 and operational amplifier 234 into the
peripheral interface adapter 219.

15 Solenoid driver circuits 350 are connected to the peripheral
interface adapter 219 which drives through a one;shot multivibra-
tor 251 and a solenoid decoder 221 to poﬁer a plurality of motor
valve solenoid drivers 221-226. An air pressure failure signal
on lead 236a provides an indication to the peripheral interface

20 adapter 219 while a plunger arri§a1 signal on terminal 235 provi-
des an indiéa;ion through the flip-flop 236 to the peripheral
intetfaée adaptér 219. .In particular, the circuitry operates to
provide systematic bperation of ;hé well configgration shown in

FIGS. 3 and 4.
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20 production flow fromthe well into the production flow sales |ine. 2.
In a system for controlling the operation de "a petrol eum producig
W&l | as set forth in daim1l wherein: said ned& for. storing incIu--%éE

keyboard and a 25 keyboard encoder connected to said nenory nmeans and
optical display for selectively programm ng said nmenory neans. 3. I
- system _for controlling the operation of a petroleum producing well as
set forth in daim2 wherein 30 said set of «criteria for governing

t he odswing and closing of the notor valve includes algorithnms which
~rel ates vari dns anerherchspedt patheectonceptspodidthie prddent inventiom can
system for <controlling the operation of a 35 petroleum producing well

as set fbethsed €bamondtokewell parametens axndveinlypaklow productioneflowe -

quantity of -44- injection gas_required to produce a nmeasured quantity
of produtRi diepeeyentuthhgndawadityn and dquantétya afncputiputnijnaified the
accept abl e val ues of groduction petrol eum faqr given guantities aof injection
gas. 5 @uantifyof; lRaectigp 9afht FEAMIEGA (TR PERENSE dhatr Ldoet r oFREM
p&gduciqumel as,set for%h in'Ckai 4 erein said neasurigg nmeans _
"l udesSXHERRE 138 ABASEEFRGIENE it AReRR BCHATARP AR Siven capa
city is being used to sequentially supply inject gas to a plura-
lity 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 inject gas capacity utilized to produce a different well
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 production 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 particular embodiments of the invention have been
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ation of a plurality of petrol eum producing wells each having a notor

e connected between the output of the meIﬁF nd a production flow sales =
| ine conprising: selectively progranmabl e nenory neans; 15 ) means for
storing in said nenory signals indicative of a set of criteria for
governi ng the opening and closing of the notor valves of said wells in
response to condltlons inthe wells in order to obtain optlnun1product|on
flom/fro the plurality of wells; 20 means for periodically meaguring
physi cal §F§ s b dacrob¥icus d thalt! scha S8AH m s\é:onnect ed to
sai d meansy e |od|caIIy nmeasuri ng the physical parang WY Ry be
vel |, salgdopr oﬁk%g%{ nﬂ& S qfeﬂbrnemginalumﬂtﬁttmsseag 25 eval uati ng the
neasured pgﬁggﬁéers I said wells in accordance mnth the criterPi ¢
stored in sal for ﬁeéﬁs@ﬁﬁj%ﬁﬂ%&§|VQ¢9 cpemumpguatgﬂému{mktggvggtor
val ves ofuéRl dhail§ Lsanhn onse, to said evaluation to obtain opti
production flow “from qationiy the 30 production flow sal es
libe. 7. In a system for controlling the operation of a plurality of
petrol eum produci ng wells each having a notor val ve connected btween the
output of the well and a production flow sales line as set forth in Caimé6
35 wherein: each of said wells is connected to a subterranean formation
mhlch is part of a reservoir comon to all of

g%gture in the production flow. 10 6. In a systen1 for controlling the

<
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-45- the wells; and the set of criteria stored in said nmenory relates to
the manner in mhlch production flow fromone of the wells affects
production flow fromthe other wells in said 5 plurality of wel |'s. n
a system for controlling the operati~$3-of a plurality of pet
produci ng wel leLgagy having a notor val ve <connected between the outp of

the wel |l and prodpction flow sales line as set forth-in Caimé6 10
wher ei n: - salgﬁheasg?edewﬁﬂ W arf@fer SOPKECEdd NEhe thBanPPRY26R 0NN @&t i ®n

gas rfeluired tpeprolegce prmﬂamimgd ‘qalnnthlhylﬁ@ R OfkbiEd ¢ ODaDﬁbr g!&t&%c@é@
said criteria S [ accep e val ue ro yction

pet rol eum forﬁggv%l/?ﬁ t%(:?ﬂag‘?l:{)%es F tt eﬂ?ﬂ) ad'ﬁé 9. pro ‘ﬁc"'éonsygt%
for controlI|$Eﬂe§hb1n%pe¢@mpéh5199 a pIurallty of petrol eum produci ng

wel I's eath davi ng asérpé@hygi epgﬁgpgﬁhgglgeh%gr}xt he 4 &Lg[ Jout of the well

and 20 . a production flow sa F'ne as set dim 8 wherein said
nmeasuring means i ncPeRRS: fREaf§OFdPIdds 1§ i mﬁ@opﬁréegnagé dindoida taiwke

water mxture gmn uﬁesa&odu@tlemtéewafr@&ea;félzé/ﬁhin 1Othe|\r,\%q%%h%dfor

motor valve coiraf 8t 831a%hodd va Ve S OaR VRl "Hh Fesponse ko
conditions 1n the well in order to obtain optimum
10 effic1éncy iﬁ'produétion flow from the well; -
L means for perlodlcally meaaurlng physical parameters
(O | of said well;
processor means connected to said means for
periodically measuring physical paraneters Oor said well,
15 said processor heans performing calculations and
evaluating the measgred parameters of said well in
accordance with the criteria stored in said memory means
and opening and closing the motor valve in response to
- said evaluation to obtain 6ptimum efficiency in
20 production flow from'the'weil into the production flow
sales line. |
2, In a 'system for controlllng the operation of a
petroleum producing well as set :orth in Claim 1 wherein:
U C said means for storing 1ncludes a keyboard and a
25 keyboard eacoder connected to said memory means and an
optical display for selectively programming said ﬁemory
means. | o ': . ..
3. In a system for conttolling the operation of a
petroleum producing well as set rorth 1n Claim 2 whereln
30 said set of crlterla for governlng the opening and
closing of the motor valve includes ‘algorithms which
relates varlous measured well parameters to production
flow. - '
4. In a system for controlling the operation of a
35 petroleum producing well as set forth in Claim 3 wherein

said measured well parameters include the quantity of

TR



Y ween the output of the well and a production flow sales |ine,
prising: storing in a selectively programmable nmenory a set of criteria

Or governing the openlng and closing of said 30 nmotor valve of said well
in response to conditions in the well g order to obtain optinum efficiency
in production flow fromthe well; perio Acal | y nmeasuring physical
paraneters(ﬁniﬁdﬂimmlgas35equired[hufprddqucalmabaUEeﬂsqmahﬁﬂﬁyLm&ing
Lhe, measul ehronadbloRApUHA b’ B Al ASET dR0CE L] N ADR,
criteria st s% df) nd ‘openi H'gJand
cl osi ng t he ®igtigra by vecmprt@dm%a%@egapd em@clmtmnt PeGlgpélenmopiCPRTUm

eff|C|ency|dh¢gﬁxgﬁgﬁgpt§eglgf/ghggbkﬂgnwﬁlg into the production flow
sal es line. thod for - controlling the operation of a

petrol eurd pr%ducﬂfg Vel Isyﬁ%t £odr t FoPtretdiime1o thker ePRZ51ANSt BEi Ry st ep

i ncl udes: stp&umemlpﬁeaueﬁmgeWMQ o s OESBERT YnNMeaas mad Wik re i
opti cal sel ec XP Eﬁggf amm ng  said nenory neans. 12. In
c

a met hod fcwé%§§&9%ﬁ??5bn?h%eaﬁgr ‘a petrol eum produci ng wel |l as set
forth in dai m lmedres efor saedssetingl tired tpricerdtagegovér nidg aride v ng

and 15  cl q§i N rdfin tiEe nB}g&uc\gaj_ngeflecl udes algorithnms which

10 6.  In a system for controlllng the operation of a

3

plurality of petroleum produc1ng wells each having a
motor valve connected between the output of the well and \J/
a production flow sales line comprising:

selectively programmable memory means;

15 means for Stoging in said memory signals indicative
of a. set of criteria for governing the opening and
closing of the motbr-valves_df said wells in response to
conditions in the wells in order to obtain optimum
production flow from the plurality of wells;

20 ‘means for periodically measuring physical parameters
of each of said wells; |

processor means connected to said means for
periodicalij measuring the physical parameters of said
well, said proceSSor means performlng calculations and

25 evaluating the measured parameters _of said wells in
accordance with the criteria stored in said Menory means
and seléctively opening and closing the motor valves of
said wells in response to said evaluation to obtain
optimum production flow from the wells into the

30 production flow sales line.

7. In a system for controlling the operation of a
plurality of petroleum producing wells each having a
motor valve connected btween the outpuﬁ of the well and a
production flow sales 1line as set forth in Claim 6

35 wherein:

each of said wells is connected to a subterranean
formation which is paft of a reserﬁoir common to all of

‘RN ) A A



rel ate variou
for controlli
G ai m 11 wher
of ‘injection

s neasured well|l parameters to production flow. 13. In a,nethod

ng the operation of a petrol eum producing well as set
ein 20 sai d nmeasured well parameters. include the g
gas required to produce a neasured quantity of producli

petrol eum and wherein said criteria include mninmally acceptabl e valdes of
troleumfor given quantities of injection gas. 25 14. 1In a

producti on pe
met hod. for
set fodth in
per cent age of
nmethod for c

produci ng wel |§‘1ea@hnnav| hg ahmhopdeuMmmrfémecEm\mm dthetoityel 1 of

the well and
sel ecti vel
t he openlné

response to Comdltlnﬁs an gl Ifor N condeb1l1q mpt &he OabéFHEHBHOdGEthQn

flow fromthe
par anmet ers of
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30

controlling the operation‘ﬁﬁ' a petrol eum produci ng wel |

Cthenwé&llwehenadn said nmeasuring step includes: neasuring the

of | 2pla"BLE" o Xiyie i e OGOt T 30 oo 02

ontr ol the ™ opérat

aan@@"e'St'ﬁbéd&Y\i&ﬁ' §dv N rBE?t”ptEﬁé' Whet Owegsfs' Nif said

rogranna e means a of criteri _
L erasthy BF wellgz. the nDtor valves of said wells in

BLuRaLiLy e veldsionerd od eally reasuting phyareal o
motor valve connected between the output of the well and
a production flow sales:line as set forth in Claim 6
wherein:- '

said measured well oarameters include the quantlty
of injection gas requlred to produce a measured quantity
of production oetroleum, and

said crlterlarlncludes mlnlmally acceptable values
of production petroleum for giving quantities of
-injection gas. | |
9. In a system for eontrolling the operation of a
plurality of petroleum producing wells each having a
motor valve connected between the output of the well and
a production flow sales line as set forth in Claim 8
wherein said measuring means includes:

means for measuring the percentage of o0il and water
mixture in the production flow from each well.
10. - In a method for eontrolling the operation of a
petroleum producing well having a motor valve connected
between the output of the well and a production flow
sales line, comprising: _

storing in a selectlvely programmable memory a set
of criteria for governing the opening and closing of said
motor valve of said well in response to conditions in the

well in order to obtain ootlmum efflcxency in production

35

flow from the well-
oerlodlcally measuring phy51ca1 parameters of said
well '

performlng calculatlons and evaluatlng the measured

e
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rmi ng cal cul ati ons and evdl uating the measured paraneters of said
. g-in accordance with the criteria stored in said nenory neans in a
processor nmeans and sel ectively opening and cl osing the notor val ves of

said 10 wells in response to said evaluation to obtain optimim production

flow fromthe wells into the production flow sales I|ine.
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‘parameters of said well in accordance with the criteria

stored in said memory means in a 'processor means and
opening and closing the motor valve in response to said
evaluation to obtain optimum efficiency in production
flow from the well into the production flow sales line.

11. In a method for controlling the operation of a

petroleum producing well as set forth in Claim 10 wherein
said storing step includes:

storing includes connecting of said memory means and
an optical display for selectively programming said
memory means. '
12. In a method for controlling the operation of a
petroleum producin? well as set forth in Claim 11 wherein

'said set of criteria for governing the opening and

closing of the motor valve includes algorithms which
relate various measured well parameters to production
flow. '
13. In a method for controlling the operation of ‘a
petroleum producing well as set forth in Claim 11 wherein
said measured well _parameters include the quantity of
injection gas required to produce'a'measured quantity of
production petroleum and wherein said criteria include
minimaily acceptable values of production petroleum for
given quaﬁtities of injection gas.
l14. In a method for controlling the operation’ of a
petroleﬁm producing well as set forth in Claim 13 wherein
said measuring step includes: '

measuring the percentage of o0il and water mixture in
the production flow,
15, In a method for contrélling the operation of a

plurality of petroleum producing wells each having a
motor valve connected between the output of the well and-

a production flow sales line comprising:
storing in a selectively programmable memory means a
set of criteria for governing the opening and closing of
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the motor valves of said wells in response to conditions
in the wells in order to obtain optimum production flow
from the plurality of wells:

periodically measuring physical parameters of each
of said wells; _ l '

performing calculations and evaluating the measured
parameters of said wells in accordance with the criteria
stored in said memory'means in a processor means and
Selectively opening and closing the motor valves of said
wells in response to said evaluation to obtain optimum
production flow from the wells into the production -flow
sales line. '
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