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VELL PRODUCTI ON CONTROLLER SYSTEM The present inventidh {&&d4s £9\a
temfor electronically controlling one or nor e petrol eum
duction wells, and nore particularly, to a systemfor controlling wells *
‘Jorder to optimize the production efficiency of formation fluids. The
sent application is one divisional of application No. 8430461
the other divisionals being applications Nos. 8704162 (Publication No.
2,188, 750) and 8704163 (Publication No. 2,188,751). Each underground

hydr ocar bon produci ng formati on, known=&3 a reservoir, has its. own €
characteristics wth regspect 1o g biIitéE gorositﬁ: ressure,
t enperature, hydrocarb } IR LL gas, oil and water

within the foggatiog. I.n aqgft'on vari ous subterranean fognations
comprising a reservéit oare int e?%‘éﬁ‘ﬁ%ct E§Lakeen 3& HnotHere™i ntAh
i ndi vi dual ei\agtgba&eaqtlyfa%%'nfe%aqitrngt tdige Proguction. of *B’%P&f&?.-?“
fluids at a certain rate“from one area 0f one fornation wl| “atffecC he

pressures apobhevohs YA LY {51 oRbral SAA LA AooR LOLTIAD. oL taln

gener al characterlstlps are, however, comon to no | . For
exanpl e, dugbAgrbheihyf ew@f1anyidr eHad Mg ceel bperih€zBat el J@RIMOidn

pressure decreases as gases and liquids are renoved fromthe formation. As
t he nat ur al efipiwvbeheypb&s oramafion gebBuiesl decreases, the well bore tends
to fill up _
The present application 1is one divisional orf
application No. 384304581 the other divisionals being G#é
applications Nos. 8704162 (Publication No. 2,188,750} and "
8704163 (Publicacionm No. 2,188,751).
Each underground hydrocarbon producing formation,
~ Known as a reservoir, nas its own characteristics with
respect to permeability, porosity, pressure, temperature,
hydrocarbon density and relative mixture of gas, oil and
water within the formation. In addition, various

subterranean formations <comprising a reservoir are

interconnected with one another in an individual and

distinct £fashion so that the production of hydrocarbon (ﬁ&

fluids at a certain rate from one area of one formation
will affect the pressures and flows from a different area
of an adjacent formation.

Certain general characteristics are, however, common
to mostloil and gas wells. For example, during the life
of any producing well, the natural reservoir pressure
decreases as gJases and liquids are removed £from the
formation. As the natural downhole pressure of a gas well

decreases, the well vDore :tends to fill up



with liquids, such as oil and water, which block the flow of the formation
gas into the borehole and reduce the,output production of the well. In
such gas wells, it is conventional té-periodi- cally renove the _
accumyul ated liquids by artificial lift. tech- .5 ni ques whi ch*i ncl ude 4
.plunger lift devices, gas |lift devices and downhole punps. In the case
of oil wells wthin which the natural pressure has decreased to the point
that oil does not spontaneously flowto the surface, fluid production is

i okt oR R FIAAF Chath' ST 58 SHTRH RUBR i e BF, Ehe
timul at ' ' _ ty d 3 hpj .
uch a6 CREIASLOM GEECEACE T wore SCRRR FRAACE, nef Mt EE Bt dRRion

reservoi pfPras WeLBNd 19 LSS Gad! w.lﬂ%l,}‘ | {4 dggf Eaﬁbtel?x?:i‘;g‘gra'latéér)ggépigdi—

the wel | bore. 15 In oil and gas wells wherein the anbient ervorr

pressur ecadd yoefemeves ity | abbimilanadlead, 1i§eiaf§n€syal aF€ERDEYHES 187t CPAEh-
nonly used: (I) plunger lift and (2) gas lift. Plunger-lift production

sysbens niquede wiitchsénelludes pllunget i DdEiCaiewi cswpr gubi Qi fitf A} Sces ana
t hrough tubi ng extending froma 20 | ocation adj acent the producing
f or mat i odowoholien pbepisareholm tthesuchmee ofui phkntwébIsit adi i hevhdjedn €Ré
of the borehole. - 1In general, fluids which collect in the borehole and
i nhi bi t- PASUrAdy Bressures hag decreeasied ntei dheangointo that wolilbalams anet
collected in the tubing. Periodically the end of the tubing is

- spontaneously flow to the surface, fluid production is maintained
by artificial 1lift methods such as -dowr;hole pumps and by gas

10 injection 1lift techniques. In addition, certain wells are fre-

B quently stimulated into increased production by secondary reco-
very technigues such as the injection of -water and/or gas into
the formation to maintain reservoir pressure and to cause a flow
of fluids from the formation into the wellbore.

15 In o0il and gas wells wherein the ambient reservoir pressure
has been substantially depleted, two general techniqueé are com-
monly used: (1) plunger lift and (2) gas lift. |

Plunger 1lift production systems include the use of a small

'K~)j cylindrical plunger which travels through tubing extending from a

_ 20 location adjacent the producing formation down in the.bOtehole to
L]

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, aré

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



ened at the surface and the accunyl ated reservoir pressure is sufficient

At force ,the plunger wup the t[E% ) The plunger carries with it to

surface a | oad of accumul at ed~fluid which are ejected out the top of

e well therebg allowing gas to 5 flow nore freely fromthe formation
e

i nto t herered bakte thed DX tRFEVENSd FBeaaEQﬂqqkﬂﬁ?%nr§§§F¥ﬁf5tHﬂﬁ?%ﬂﬁ?a&%

“After the_f] ow of as again becone restricted due to the fyrther, accum
nul at i ok 1?*%Hﬂsqﬁbw%ﬁ&9§ 5b¢al BEUPFSFhe YPULTRG 4 u?*&?Surfgég Jrlymger
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and i s S¥EIHF dd ¢ ace upon

feopen"gglrcq‘: g eeocgféxge AGS chief te di OICEE AN B! rﬂér’é‘ﬂw%sl&vn‘?évgas to

system con he i nj eCtI pressuri ze gas froma sou

e ter- ﬂﬁawtaotrfée ﬂeéél suﬁb@s 0! BB nlASi IP! in®lo AtRENMIES Y re | 3@ 1Be
e bor The |ncreased pressure fromthe injected gas for- ces

accuwl&éﬁﬂ:éﬁéaratﬂoonaf ldyists ilu i SRNtgyd t dmibiaky €xé eRArFAGH ONY Affter the
borehole to renove the fluids and restore the free flow of gas and/or oi

from t ELdwrofit §@a8 hasoaghdnwbldcome | reset istededad itpithd durtieek ascam-
problem during gas lift, plunger lift 20 may be conbined with gas [|ift
to i npmovkateidn coEntyuidsSdownhaoshsi e valvkoun itheUtudinntatmttig. surface
4,211,279 issued July 8, 1980 to Kenneth M |saaks. In either case, there -
is a refui thaewelloris helpeeidodie Spatathhm BRuAges okhem| falas th?@lsuiﬂpaee

of the wellhead to 25. . control either_the flow of _fluids_ frt %he wel |
1R 1 dvhof tRRiBG: i3 gdg iTRAFAY ndnel $EE0 aRQENET | fopfle 9 Gﬁt‘t‘ 8n %7 65?

surface upon the reopening of the valve. '\,f
A gas lift production system includes a valve systeﬁ for

controlling the injectién of pressurized gas from a source exter-

nal to the well, such as ;nothér gas well or a compressor; into

15 the bdrehole., The increased pressure from the injected gas for-

‘ces accumulated formation fluids up a central tubing extending

along the.borehole-to remove the fluids and restore'the'free flow:

of gas and/or o0il from the formation into the well. In wells

where liquid fall back is a problem during gas lift, plunger lift

20 may be combined with gas 1lift to improve efficiency. Such a
| system is shown in U. S. Patent No. 4,211,279 issued July 8, 1988-)
to Kenneth M. Isaaks. |

In either 'c#se, thefe is a requirement for the periodié

- operation of a motor valve at the surface of the wellhead to

25 control either the flow of fluids from the well or the flow of

injection gas into the well to assist in the production of gas

and liquids from the well. These'motbr valves are conventionally

controlled by timing mechanisms and are programmed in accordance

¥



and liquids fromthe well. These ot pr val ves are conventionally

controlled by timng nmechani sns and a programed in accordance wth
principles of reservoir engineering which determned the Iength of
tine that a well should be either Mshut in" and restricted from

.flowing gas or liquids to the surface and the tinme the well should be

" d" r gl dh gk e ' 5 siterga. hsed f er at o
019 p;a R: mﬁ%ﬁ vgjlilvﬂehﬁ stri (?tfl )?E gﬁ%ilg#’ Xtr he.e%?gggg?g*‘&a ‘S?leél@el%eectt erd'? f’ﬁé the

perijofd. Irengeh GEeimEathwa’d uel heldr 28RLENA SHPhe?éthe,&%H& in" and
~tenp®&fature, etc. are used only to override the timng cycle in special

condi ti orestmictednfirom UF16wiRkgt )jds Nor 4 3pdid24 +dl SAOS8RrF At WEd | Ghe
10 timng systemwhich inproves the efficiency of using injected gas to
artificaltiyme i the| welildsshaukd wekl “wopedmai® byo mEeeel9’ prvdudengesehbthlly,
techgique. U S, Patent No. 3,336,945 to Bostock et al discloses a

pneunat | ¢he neniteciacaget foni mpeatasiomt efnithe tmotoppeadvieonisingtpictly
injection of wells to_increase the produc- 15 tion. U S Patent No. -
4,355, 3690 Hk (Fhekehapeeofjia prarselectedetiner peirdod.onitmihgst cases,

intermtting the operation of a well in accordance with prior art timng
f echni qu ”\%H‘e‘reé?rfg‘f pRrametens)  fugh @5 RFfIVITey fhemperature) ceted are

i od t hut in for.a second.pre-selegted period to increase the
P oduct| e Lo fyeftideTFR g#ﬁﬁesemf © ifpegial cenditions.
factured ' LTt oSy ns nc. of. Marjetta, Qnhio serves to
gg%lr:)a?g ; pl lfrﬁ%grg%#%%b#ﬁr e?l‘o%ggﬁnﬁc_ SFdérT@%%% ﬁﬁaﬁ?ﬁ%y@t@ﬁ??ﬁatlc

_ timing system which improves the efficiency of using injected gas
~ to artifically 1lift liquids to a well surface by means of the

plunger 1lift technique. U. S. Patent ‘No. 3,336,945 to Béstock et

al discloses a pneumatic timing deviée'for timing ﬁhe_intermit-'

| tenﬁ qperation and/ér 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
aécordance with prior art timing techniques wherein the well is
éllowed to flow for a first pre-selected period and then shut in
fqr a second pre-selected period to increase the production from
U/ the well. The differential contrpl system manufactured by
Piunger Lift Systems, Inc. of Marietta, Ohio serves to'operéte a

. plunger lift éompletiqn in accordance with a gatihg systeh in
which measured values of pressure and fluid levels are compared
 with pre-set values. U. S. Patent No. 4,150,721 to Norwood

25 discloses a similar gas well controller system which also utili-

zes digital logic cifcuitry gating to operate a well in response

~to a timing counter and certain measured well parameters.

A -



whi ch neasured val ues of pressure and fluid |levels are conpared with
re-set val ues. U S Patent No. _4,150,721 to Norwood 25 di scl oses,

imlar gas well controller systenﬁ*hich also utili- zes digital logic
cuitry gating to operate a well imresponse to a timing counter and
tai n neasured wel | paraneters. Under certain circunstances, however,

nere tinmed inter- mttent operation of a'single notor valve to
control either outflom/fron1the well or gas injection to the well mﬂlﬁfﬂot

cifect, i GHLET MNRHIOD BPkciLaRRRLS! A0, LOSEY 82" @hiBCERRed 1nc iR

corrparl son alaneters rrum an m Al num val

IS | éy%% tlggtg ig g «do
cont ain ‘gﬁt'qw% % f‘ggwaffe grtl ﬁ&tlgl §1§°Fa?t o?w en ﬁ%#sgﬁltg‘\%kng
- nat ur al dye #1éf Efr%ﬂlihac-w&piy ¥ OaE | QR § eE%tl‘?m tEuréﬂaerwemt wifl not

inefficient to inject either too sAall o toco | arge a vol ume of gas

as CONT@f félc OmaR Emus! lgﬁ%da‘cdxdw' ﬂo?oﬂﬁiun%é&*é&ld}: t b£s &@' @PEhe aWitietha -

does, in fact, need artificial lift. For exanple, it nay be desirable to E
- open amnflmpai@omncbﬁ gRl 1l njpartamestienss Sividh aprasdty awkinen eandse
the gas inject valve after a first ti.ne period when 15 sufficient
pressummnzmwnvvhhped.lnnﬁuaamﬁnef6ipleducandomnsthit¢oﬂnjécbngahennﬂd

for a second time period. In addition, sequential operation of a pair

of notc® vallbgrﬁawtb@!de@eabn@tsmﬁsxméaqmsmm@ arequbngecarsd fiic

the wel | outfut and a first is opened tiea||Ole|UId expul sion and then
cl osed S} elafB0OT wheRoHhe, dfekl | 18 sEAOMIRGe ARTYF Bkl FBr aa satisfac~

period to f“lproduction rate. Further, it 'is inefficient to ;njec&_/

10 either too small or too large a volume of gas as compared to the
volume of 1liquid contained within the borehole which does, in
fact, need artificial lift. For example, it may be deSirable.to
open a weli flow valve and a gas inject valve simultanéously and
then close the gas inject valve after a first time period when

15 sufficiént pressure is developed in the well to produce coﬂtinued
fléw .from the well for a second £ime period. In addition,
sequengial operation of a pair of motor valves may be desirable
such as when two valves are connected to the well output and a‘;)'
first is opened to_alldw fluid expulsion and then closed while a |

20 seéond valve is simultaneously.opened for a time péfiod to allow
gas ptoduction'after the fluid has been cleared. Moreover, it
may aisq be useful to utilize a single controller to_sequentiaily
interﬁit_ the operation of individual ones of # plurality of

wells, each for different selected time periods.

y



‘gas production after the fluid has been cleared. Mreover, it may also be
useful to utilize a single controller tg,sequentially intermt the .
operation of individual ones of a plurality of wells, each for éz\{
different selected tine periods. As.reservoir engineering téchnol ogy-
. beconmes nore sophisti- cated, nore is | earned about the various paraneters

whi ch affect the optihunlproduction of a well, and even the manner in which
production from adj acent wells affect each other. It is clear 5 that a
sys&én1by which a plurality of wells could be controlled for periodic
opept i on tAS rrﬁ%F#Fi’@1§ndebﬁi}PﬁFEénﬁhetﬁﬁ?BEBéPBUn hecomes | maEe ssopbiatbe
of val ue. In addition, it ul.d be ag advantage to utilize other

paraneF@ﬁ$QﬁﬁERFﬁtéﬁ earne r?RREFnﬁ ReVAri hE%§%ﬂ%ﬁ?ﬁfrﬂQ%%%réffe°t

t ubi d d oil t mh h
L, 00 s S Epubl BRI 8 o WEFRSURA b LEHE! BanRiet, 7 B R
t [ t | t t | t te t

of gas Praguct il ¥obhl) By 4'%%"*#5 L L e5%3|%@d§s.l?§bﬁ°?§g%€§ﬂ

as f | owielhaened | sy/aeamt hy tiPieN B PIUFAL ity S5 £2LE11EN2BuLA be a@ohéﬁaned
val ue determ ned from casing pressure,. fl ow ng pressure and gas/|iquid

ratio. fidy epegiodit Vsperhbiohi ¢ ymaesiniakl and &5t ahkget *H¥ Oyrdguatishl y

programuabl e controller for the operation of a plurality of notor valves
Wi t hi n frorarapl e&lpsockmild) bel lof Weledy 2Qn additbos,ndaswerld be an
paranmeters fromeach of the wells could be used to control the intermttent
oper at iadvagitage tofuthbtze wetherj parameters associated with a producing

. well, such as casing pressure, tubing pressure, flow rate and
L : .
10 pressure and oil/water mix, upon which to base the criteria of

' [

when to intermittently open or close a w¢11 or when to intermit-

tently inject fluids into the well to stimulate the prodhction of

gas and/or liquids therefrom. For example, it would be desirable

to open a flowing well when the tubing pressure is greater than

15 an ideal value determined from casing pressure, flowing pressure
| -and gas/liquid ratio.

Moreover, it would be highly desirable to be able to provide

a fully programmable controller for the opefation of a plurality

'k¢) of motor valves within an array of producihg 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 ali of the wells. The

system of the present inventién provides such a fully program-

mable controller for the optimization of well production.



0 d’h to optim ze the production fromall of the wells. The system of the
pr ekant- i nventi on provides such a fully program nable controller for the
pf zation of well production. | -7- The system of the present invention -
used in nmultiple applications of producing wells, for exanple, in
lift conpletions, plunger 1ift conpletions, wells having
fluctating bottom hole pressures and proguction flowrate and, in
addition, to unload qgas wells. |In particular, the present invention is
especi al |y useful pyeagyst¥pe o @idiprekaht! iifdveiu et LA W huddoliMesy
the intermttent injection of gqas in order to l'ift liquids to the surface
and may al so el ti5ele t SpPDDES €l 0f8S olfNpRVIGUL g twie INEL, OfoDéLaMBles iA
order to optim ze the total production of formation fluids fromthe wells.
-8- It is an geg edti fif theppetdients, npduniqer t didpt | cdbeplpradasti ovelism a
plurality of wells by controlling the time periods during which production
flow from eadiawerd ifdusdatiingedbottom hole pressures and production

flbw rate apd.- in addition, to unload gas wells. In
particﬁlar. the present invention is espéciallv useful in
any type of artificial lift completion with involves the
1ﬁtermittent injection of gas in order to lift liguids to
the surface and may also be used ﬁp control gas injection \“9
into dne_or more wells 1n order to optimize the toéal

) \d s - . -
production of formation fluids £from the wells.



tubi ng, casing, and production flow line pressures for optinmumcontrol of
production from plunger lift wells. An additional object is to providefan
el ectronic controller which nonitors tubing, casing and production line |
-fl ow pressures to adjust the 5 on/off.time for production fromthe wel
based upon a conparison of actual tubing pressure with a cal cul ated i deal
tubing pressure and to shut in the well upon arrival of the plunger at the
wel | 'surface, or casing pressure dipping below a pre-selected [imt or
excgsbing a pre-selected maximumtine [imt for production from 10 ‘the
wel | A further object of the invention 8-t o sequentially intermt the
operation of indivigual ones of a _plurality of different wells, each for
different tine perig s%sﬁﬁnaﬂaP?FBngg gbﬁe FeanFhéq%ﬁﬂﬁﬁQQNF?EP?%}mlse
si mul t aneousl vy, n air L. valv e I t.hem .
sequentially a‘?%%;u%l??(?er éfg?ﬁt iarreg%%gig%géyt %fi ﬁf:erigi;%eg r 083‘5??’?#%“5? %he

gi ven quantity, i ol EQn f:unt ject i entj gl | en
a first notor '%/%f?/ea%g?%??oevg ?agi ?hel%u:%otﬂma%?%l gge)gi ?%'tglﬂlle;%ﬁt evye%fli | e
si mul t aneousl yj 9psdfde Begecond valve to allow 20 gas production for a
selected tinme period. For understanding of the present invention and for
further objects and advantages thereof, reference may now be had to the
-9a- The present: i nvention provides a system for



connection to a plurality of different petroleum production wells
for. controlling the cyclic operation gf the plurality of different

Lol eum production wells, 5 each |l having a notor valve connected °
' the tubing and a flow sal es-Line, system conprising: selectively
bl e nenory neans; neans for storing in said nenory a pair of
skgnal/s associated with each one of said plurality of wells and 10  which
rndicative of a first time period during which the notor valve of that
well s iHghe Q¥ihd 0 BAEN prHd@EEEbhOEX bW W1 hem ga . -
tinme pg?‘ld%ggduring %\hich the notor vallvae é?hgt héaﬂft@sgm%% g%gﬁlﬁgﬂﬁ'ﬁ
cl osedcbreEBlt &f pRoduitionlSfrom pluRges NEFONGeYEsto tRA hetd Wi H9apf
a cycle for opening the notor valve of the first well in the

pl ural bbjeot Vs | td r prowtideh anodelecepohliew contoobdererwhichRd mititors
beginning the first time period of the first well and the second tine

peri odtuwbingl casdmgreand; p2oduction ntiéne faopoEressives heéosamjust athe
~expiration of the second tine periods of each of the other wells

for stom/offi time Eomrprgductionafrionditde iwelbibasedsupoonce campanisdnch
said second tine periods expired; and 25 means responsive to the
‘expi'r 2@f oAcbralhguping: priefsurs withiacaghcwdpredaideg ik Hahifio PERgSere
open for sinultaneoyslg clo ingJr the mpto val ve o{ that wel|l

begi By tPh&hufechhdthe; wellydiropy apFivalaef ke pPlupgespdt g neell

ot or ggiggcgt Bgecggé%dN%JeséJ}ge HSSESg below a pre-selected limit or

exceeding a pre-seiected maximum time limit for production from&vg_
10 the well. | |
A further object of ‘the invention is to seQuentially intermit
the  operation of individual ones of a plurality of different
wells, each for different time periods.
An additional object of the invention is to ‘simultaneously
15 oéen a pair of motor valves and. then close them sequentially
after different time periods to inqrease production for a given
quantity of injection gas. A further object is to seguentially
open a first motor valve to allow liguid expulsion and close it . -
thereafter while simultaneocusly opening a second valve to'allowi\)

,20 gas production for a selected time period.

For phdérstanding_of the present invention and for further

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



30 having had its second tine period expire and beginning its first time

period. For understanding of the present invention and for further object
and advant ages thereof, reference nay now be had to the 35 fol |l ow ng
description taken in conjunction wth the acconpanyi ng draw ngsin which:
FIG 1 is a schematic drawing of a gas injection plunger lift well’

conpl etion having two notor valves and including a program 5 mabl e

el ectronic controller constructed in accoT¥nce with the t eachi ngs of the

present invention; FiKe 2presantChefmbést oA g ovfidesl uagersydddn Welfbr

-t h I d I
gloggt (raonl l:onconﬁa%/'iﬂ cé‘?lo%onstf'gtr:? e\é%l\ﬁ%sﬁl %&corégﬁcﬁ%?rﬂ%prog%ég Hgs

of the presentpnnduntxmn welds 3fos gostheddting mm§M¢KFkﬁCaOpenaaicny06f

sequentially onglat o4 aqqteg'&@ Waleeer2ath Baykien s diladbig Yahye,and

including a progra | ectronic  contr con
accordance %i t rradte weddhi ha¥ing tthemPheEnt Yahve 15connected égewe@'l athe

schematic dr awi figs Dig aakd ngﬁro\bléélwlilﬁgnpi;?stémoaombeﬁeuﬁgthe well is

operated in accordance with ri ous neasu?ﬁ garaneters and including
pr ogr ammabl e eIectr%ﬁﬁ%F%b%? b1 PEPILRATR Pt BA™PhY alEBPBance with the
invention; FIG 5 | smears ofdairdsagrangoflnarsaaidacmemqry eorpaint | ef sdgdailm

associated with each one of said plurality of wells and

10 which are indicative of a first time period during which
the motot valve of that well should be open to pérmit

L\j. produ;tioq flow from the well and a second time per%od

- during which the motor valve of that well should be
closed to shut in~the well-

15 means responsive to the ‘beginning of a cycle for
cpening the. motor valve of the first well in. the
plurality of wells from which production flow is to be
permitted and beginning the £first time period of the
first well and the second time period of all other wells;

20 means responsive to the sequential expiration of the
second time periods of each  of the other wells for
storing in said memory means an indication of the
sequence within which said second time periods expired;

' and | ‘ _

Lbj 25 B means responsi?e' to  the expiraﬁion of the first
time period of each well having 'the motor valve open for
simultaneously closing the motor valve of that well,
beginning the second time period of that well, and
opening the motor Vélve of the next well 1in sequence

30 having had its second time period expire and Dbeginning
its first time period. '
For understandlng of the present invention and for
further objects and advantages thereof, reference may now
- be had to the. '

35
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20~ conjunction wth the systens shown in FIGS. 3 and 4; FIG 6 is a
Pl\ock di agram of an electronic controllgr used in conjunction wth the

Xst ens shown in FIGS. 1 and 2; FIGS. Yﬁ, 7B and 7C are each portions of a
emati c diagram of an electronic controller constructed in accordance

h the i nvention and shown in FIG 5; and FIGS. 8A, 8B, 8C and 8D are
och portions of a schematic diagramof an el ectronic controller
constructed in accordance with the present invention and shown in FIG 6.
Dual Controller Operation The well conpletions shown in FIGS. 1 and 2
‘oper ate fbllowiagcdescdiptriad takepr daerdon jumetion wita ftihestadBuitpdwyin
sinmulta- neously open a pair of notor valves and sequentially close then1f%
i n pre-sdtawingstinnwhfichyes and in a second node to sequentially open a
pair of notor val ves, simultaneously opening the second and cl osing the
first in accBIGandeiwi iah sedematiosh dfawhegoofuar gaec iofjextioeplunger 1ift
pre-selected tinme periods. Mde A 15 Referring first to FIG 1,

t here i swehbweomplietiien rhavirg stWenfotenfvalyes and| isgiudiag & program-
plunger lift conpletion with supplenentary gas injection, The wel |’
i nc udesmabhBr HAGERON G SAMEFS k% _Fﬁasgﬂp;;@éowm&%qwq% WAtén the |
lined with a tubular % %Ln% 14 which extends fromthe surface down to the

| |

20 pF%ﬁﬁE?ﬂg’g85| _ eﬁ"vqmﬁleﬁéing 14 includes perforations 15
in the r§g| 019:8“. g P P I f1 £ aWInd R La L PPuhs8Y Rlift well comple-

tion having two motor valves and including a programmable

L

' electronic controller constructéd_ in accordance with tﬁgﬂ
10 teachings of the'presegt'iﬁvention; ) |
FIG. 3 is a schematic drawing of'a.plurality of sequentially -
operated production wells each having a single mqtor valve and
'ihcluding é programméble electronic éontroller constructed in
accordance with the teachings of the invention;
15 FIG. 4 is a schematic drawing of a plunger lift weli'complé-
'_tion wherein the well is operated in accordance with various
.measured' parameters and including a p:ogrammable' electronic
controller construcged in accordance with the invention; k;)
FIG. 5 is a block diaéram of an electronic controller used in
20 conjunction with the systems shown in FIGS. 3 and 4;
FIG. 6 is ; block diagramJof an electxbnic cbhtroller used in
cohjunction with the systems.shown in FIGS. 1 and 2;
FIGS. 7A, 7B and 7C are eaéh portions of a schematié diagram

of an electronic controller constructed in accordance with the

A -



gas fromthe formation into the casing lining the borehole. The producing
strata into which the borehole and the\Fasing ext ends I's forned of
goarse rock and serves as a pressurized reservoir containing a m xture of
gas, oil and water.. The casing 14 is preferably perforated al ong the
region of the borehole containing the producing strata in area 15 in order
to allow fluid com 5 muni cati on between the strata and the well. A
string of tubing 16 extends axially down the casing 14. Both the tubing and

-

t he.casing extend into the bgorehole froma_well head 18 | ocated at the

surfice tnoartion apd| shaweh ipr §XG- &ss afthport for the string of. tubing
extending into the casing 10 d_cl oses the,  open end of th ' L
The casi gg i%IQ%nn@cﬁ'edago B¢ ﬁé‘%gZaRhialﬂF sBABh &?%’&P%r@gssﬁ ggéég&ﬁtd‘l‘ﬁ
an exterpal source ch as a ' t _sh th h fi t
Tl ve CAaqimh @k 4hn.eRalERRe IRgR er bR red et 048" B | hERRRNRe

'S operated
bet ween t 0 s it o g | eg 15 wel |

pr oduct i%#e? n€§$n??ggrg}'gogpggﬁﬁéﬁo%%rﬁyons %’gtie‘gn?ﬁaécgbr - dance-with the
teachi ngs of the present invention. The tubing.16 is connected to a
prgoduction flow line 27, through a second notor valve 32 and to a.
separator 28. The out- put flow of the tubing 16 into the production flow
line 27 is 20 - generally a m xture of both liquids, such as oil, water,
-and con- densate, and gases pu@ll Tdhisl e ttwergbione separator 28 which
effect's the physical separation of the Iiquids tromthe gases and passes
the gas intorheseke2d lcompldz ifons dehownr int #I6Sgasl and 2 operate with the

L controller of the present invention in a first mode tofsimylta-
| neously open a pair of mo;or_valves_and_sequentially close them
10  in pre-selected time frameé and in a second mode to sequentially
openla pair of motor valves, simultaneously opening the second
and closing the first in accordance with detection of the
occurren&e of an event and pre-selected time periods.
Mode A
15 Referring first to FIG. 1, there is shown an illustrative

schematic of a gas well equipped as a plunger lift completion

with supplementary gas injection. The well includes a borehole

12 extending from the surface of the earth 13 which is lined with

'a tubular casing 14 which extends from the surface down to the

1 ’ .

20 producing geological strata. The casing 14 includes perforations

15 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

-X-




spring 24.

.n@

Al hering system The liquids output fromthe separator 28 are
gcted into a |iquid storage reserijr 36 for subsequent dispo- sal by

£

known net hods. Pressuri zed ga is also supplied through a filter

82 by means of solenoids 31. 5

17

regul ator 19 for use in pneunatically operating the notor valves 25
The string of tubing 16 extends
.4l |y down the casing and is termnated by a tubing. stop 23 and bunper
A reciprocating plunger 20 is positioned within the tubing 16

and is prevented passing out the lower end of the tubing by the bunper Er
y

springjg4 sappeldtdNIcehaeBe?rockhandPeéread Als theptulbagitlal S&dsrsh
.a lubricator 29 which receives the plunger 20 when It is in its uppernost
positigghtaiding| Wrmixtore2d Ml gasi,ndildeana satedr. 30 THe (Fadiphgcia Wen
the plunger has arrived at its uppernost position. In a gas inject system
of theprefersbbynpenfbratell aliorig tiite regisnr ebl ehioborenhele: cpart Hirling
i nject only as nmuch gas through the first notor valve 25 as is required to
nmove tthe pprogacing uptratat ubhnprer aldd eircorder ateumlllawedfltdddscdmom
the well through the second motor valve 32. Thereafter, the first valve
S osedihirahioncbetwesn ohke ssratmiandpther weld .pr A ssteiépgdofi kubing

peri od

cl osed & AxELRA$ [ AXLdRL Y 80w e (3189 Hbvel op a for mation pressure
liquids will also have accunulated within the c%igfgsé4thin t he regi on of

t he per f orBR¥Rnthes IR ANEhEPEr G254RG REY

flw(k%rggiikggdtgg Té%gégd at the surface above the well which provi-

10

15

20

des support for the string of tubing extending into the casing
and closes the open end of the casing. The casing is connected
to a line 22 which supplies high pfessure'gas from an external
source such as a compressor (not shown) through a first motor
valve--25 into the casing 14. The first motor valve 25 is
operated between the open and close condition by a programmablé
well production intefmitter/controller 26 constructed in acéor-
danée 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

of production_flow fromthe cleared well. Wen the well has been

eTheLe T

S

U

generally a mixture of both liquids, such as oil, water, and con-

L] v

densate, and gases and is directed th:ough the separator 28 which
effects the phySical separation of the liquids from the gases and
passes the gas into a sales 1line 32 for delivery to a gas

gathering system. The liguids output from the separator 28 are

- }4 -
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gases fromthe formation into the casing so they are renoved at the

begi nning of the production cycle when both the first and second notor
val ves 25 and 32 are opened sinultaneoydy. The first notor valve 25
opened by neans of "on" solenoid 31 to 5 inject a flow of htgh press
gas fromthe external source into the casing 14 and rai se the pressure.
The second notor valve 32 is opened al so by neans of an "on" solenoid 31
open_the upper end of the tubing production flow line 27 and cause the
pl uRger dorected dnfmar dliqwid hstotlget tbsegvaid R6i Toralsutsedudht tdidbo-
quan¥ity of formation, fluids which have accunulated within the casing in

t he regi salofby havedrlodkoowy fmetiedden. Presshrdzieds dasudli adsbhasupp) fed®
by the plunger 20 flow out through the second notor valve 32 and-the
product i Shrough |3 nfi2gernid tansl sepregudatdd ilP af@onusat iongndmmdtially
The plunger arrival sen- 15 sor 30 detects when the plunger 20 has
reached PREYA&ANG:r thee MRt Fakes s25 oandd3Rnbyhaenolsr iofatserl &2® iated 31.
pro?Uces a p%ﬂnger arrival output signal to the controller 26. In response
to The pl ungéParthiiNg sPhndubing tHe pxisnds axialdy-deenr theecasing and
whi cheveg _h ns first, . the controller 26 gperates the "off" 20

sol enoi diﬁla‘gé)ﬁ?h'éa#?éstb%taor8\’5?‘98 2%tep ao%sé" hePYHPOE SRFNDp 2fas A
i nj:ectio . - vghve 32 is.allowed t.q.remjn open,for

or e- pr ogr SRS ARI L R Or 307" heS  FARRER SN bhie gBSBH P cana
formati ofg " i 10 i ogdp ot h 0 r v i osed
to.permf‘sth@%ﬁ%% Jilad i A Enet NFoREEOUhd™LE" VALY Gty BlOSSHE
bumper spring 24 and tubing stop 23. The upper end of the tubing

:
b

> 16 is closed by a lubricator 29 which receives the plunger 20
when it is in its uppérmost po.sit'i:on".. The 1lubricator 29 also
includes a sensor 30'§hich detects when the plunger has arrived
at its uppermost position. - | |

" In a gas inject'éystem of the type shown in FIG: l,.it is

15 - gesirable to conserve gas and inject o;iy as much gas fhrough the
first motor valve 25 as is reguired to'move.the plunger 20 up the
tubing'ls and eject the accumulaﬁed fluids frbm the welllﬁhrough
the secpnd motor vélve332. Théreafter, thé first valve is-closed

L/;"and the second allowed to.femain'bpen for a pﬁé-#eieéted'time

period ' of prOduétion'flow'from the ciéared.well. When the well
has been closed‘for a suffiéient period of timé to develop é for-
mation pressure, liquids will also have écﬁdmulated within the

""casing 14, in thé region of the bérfé}étions 15 édjacen; thé pro-

ducing formation. These fdrmaﬁion_fluids restrict the flow of

-



fall back down the tubing string 16 and reposition itself at the bunper
~sping 24 for a subsequent trip to the surface to again enpty accunul ated
fpArmation fluids fromthe well. ThUS, in the systemof FIG 1, a pair of ¢
tjor val ves are sinultaneously 5 opened and sequentially ¢losed to

I 'm ze production flow while mnimzing the consunption of injection gas.
de B Referring nowto FIG 2, there is shown an-illustrative sche- matic
of a-plunger lift conpletion gas well, simlar to the well 10 of. FIG

1, but wherein the formation pressure is sufficient that no suppl ementaryy
i nj ecti ojages ifrcaeceRéafprmatdiodelino CtRar dawngeldo othagcate aidikbved at
fluids. The well includes a borehole 12 extending fromthe earth surface
13 down thet lbeqimting nofgethe- pricthictsiomt eyale viheh ibodh nehewiflirst and
tubul ar casing 14. The 15 casing 14 also includes perforations 15 in

t he regi secohdt moton- vdlyiesy 25r anadd t 32paane t opeeefll ewimiltasebusiyt.he The
formation into the casing. A string of tubing 16 extends actually down

t he casifirast. medor tvalvebi2hy i apenede hyshregnss ofxt ton™ i apdenpdd 31 to
bog ehol e 20 froma wellhead 18 | ocated at_the surface and which ]
prdvi desigipctpar tfaw @hehighi RFeEEUNGHIIRF FEOR| bbes exterfadn SORFQR imeo

casing. ... A reciprogating | unger . 20 is positioned within the tubing 16
and is p?%%eﬁ?éan_ﬁr §r#p‘d'§%| 3 t thie BIGRAURS Y of PEHECELRAN PARPR r32
spring 2fs agge}':g ! rz-‘ﬂssc;[ cg)y 2§éanghgfu%%er,°enn,d solenoid 31 to open the upper

end of the tubing broducti.on .flow line '_27 and cause the plunger

20 to ﬁlove upkardly .witt_u’.n the tubing and bring along with it\f

10 quantity of f_m:mat:ic:r.x.w fluids which have accumulated within the
'casin'g" in the region of the' progiu(:i_ng_ forma.tion. The liquids
Srought to the surface by the pluh_ger 20 flcy_l out through the
second motor valve 32 and the production flow line 27 into the
separator 28 in a conventional fashion. The plunger arrival sen-

15  sor 30 detects when the plunger 20 has reached the top of the
| tubing and is lodged in_ the lubri_c:_ator 29 and produces a plunger
.érriva'l output. signal to the.controller 26. In response to the
"pl.unger arrival signal , or.the passage of a pre-programmed time.\)
whichéver happens' fitst, the controller 26 operates the "off"

20 .solenoid 31 of the first motor valve 25 to close the valve and
lstop gas irijeét.ion. The second motor valve 32 is allowed to
remain open for a pfe-proéramed tilﬁe pe_riod to permit the flow

of production gés from'the forx;xation. Aftér t_hg set tixpe pericd,

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

- -



of the tubing 16 is enclosed by a |ubricator 29 which receives the plunger
20 when it is in its uppernost positf;nL The lubri- cator 29 also includes/.
a sensor 30 which neasures when the plunger has arrived at its uppernost |,
position. 5 The upper end of the tubing 16 is connected to a first
flow "T" 41 and a first notor valve 42 into a |low pressure fluid deli- ve
line 43 leading to a separator 28. The first notor valve 42 is actuated by
a pair of "on" and "off" sol enoids 44 under control of a well production
contyrol ler 26 constructed in accor 10 dance with the teachings of the

i nveiti dall Beckodewni thectutrinlg tdter ingwl 6f apdeseposiddan ritgselfisat the
supplied via line 43 by neans not shown. The upper end of the tubing 16 is
al so cobugpesd Springe@dndférow subseguentofFipa trecthe suvrdacealte agaio
a high pressure gas sales line 47. The second notor valve 46 is 15
act uat eempty aceumulated- formatignenfivddssdramdeie wehisol Thits, . in the
controller 26. In operation, the plunger lift conpletionof FIG _2is

cl osed BYst®m a0fr eFI6Leck ed & | PR1Fer PHd RAKGHg YAHVES sAFEi FEREltapecusly

tion and gas pressure is,deyel oped to nove. the . plunger, 20 al ong. 20 .
W h {1 GRESSR ARG SEBHERR LAt Yo Aoned 4E0 maKd R der AEESUCHIQH TLAEHR11Ey

the selegted, tine period t he,cycl i s, _beaun by opening notor val ve 42.
As the mﬁﬁiﬂﬁzﬁﬂ9r$§ SC?QP?ﬂBgéﬁﬁf8§e}n9ﬁ§%iﬁﬂﬂﬁ§%ned fluids carried. by
t he pl ungeyr ss out through the first flow "T" 41, through the |ow
pressurgﬂgé%ﬁg line 43

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

i’; matic_of a plunger lift completion gaﬁ'well, similar to the well

100~ of FIG. 1, but wherein the formation pressure is sufficient that

no supplementary injection gas is neceésary in order to clear the

well of accumulated fluids. The well includes a borehole 12

egtending from the earth surface 13 down to the producing géolo-

gical strata-and which is lined Qith a tubular casing 14. The

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

duciné strata to permit thé flow of gas from the formation into
the casing. A string of tubingi 16 extends actually down the_

casing 14. |

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

200 . from a wellheaq 18 located at the surface and which provides sup-

.port for the string of tubing and closes the open end of the‘

casing. - A reciprocating..plunger 20 is positioned within the

tubing 16 and is pfevented'froﬁ passing out the lower end of the

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

_ }/_



17 - into the separator 28. When the plunger arrival sensor 30
detects that the plunger is positionqdain the lubricator 29, the controller

p\cl oses the first motor valve 42 and sinmultaneously opens the second ¥
got\or val ve 46 to allow the high pressure for- 5 mati on gasSes to pass
ough the second flow "T" 45 and out the high pressure gas sales |line

After a pre-selected tinme period of high pressure production gas flow
rough the line 47, the second notor valve 46 is again closed to shut in
the well and allow the plunger 20 to drop back down the tubing 16 and thg/
for- 10f theitubdag Jrtesisr encdasedicbynal dubrigatosulR9emhdcth cyeteives
Thus, in the systemof FIG 2, a pair_ of npotor valves are operated so that
a firstheaplangeroptthahenr i disndn olts cupPermost| positdomen The obubri-
"while a second valve ,is_ sinultaneously opened for a second tinme period
to al | BAERF0odE2t | 8hSP| ohRFiBALBhea18eN30R o MY WRiCh nRepRuTes owBgn the

Thus, thi. de of pl I I ti ffectivel t th

or essuPLURPRFIBaR, ART NI Th bFBURPETRPARLORIS 1OR Referring now Lo

RHG 5 th i h bl di t | | d ' I 26
Coh et odhg Rpdherad; 88 s ABIRE he 1%, Fanndt Sad kel B ik FROv

FIGS. wma ghd T o - LiTYat BE ' - ﬂﬂﬁﬁﬁg; 5 '

cl ock d?i vg?' 8 danadt}é&g?n{ecx?%%/I’gaﬁoﬁuﬁgfgpggggcggtﬁlra ress b%]é‘g{;%v?%lgy :

Menor yyafyaigne d3Mldddimyi @ 4abEéBaPatorT28.Pr GRS Fr L mSoreba1vé @b/
ot her processors referred to herein, is preferably of the -
is actuated by a pair of "on" and "off" solenoids 44 under
control of a Well_production controller 26 constructed in agcor-\uﬁ
10 dance with the teachings;of the invention. The solenoids contfol
the flow of pressurized air or gas supplied via line 43 by means .
not shown. The upper end of the tubing 16 is also connected to a
second flow "T* 45 through a second motor valve 46 to a high
pressure gas sales line 47. The second motor valve 46 is
15 actuated by "on"™ and "off" solenoids 48- under contr§1 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 develbped to move the plunger 20 along
20 with fluids accumulated in the casing 14 to the surface. After
passage of the selected time period, the cycle is begun b§
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

V4



CMOS type and, by way of exanple only, a_national sem -conductor nodel NSC
8OON-1 CMOS mi cro- processor has perfornﬂd’satisfac- torily. The -
m cro-processor 51 is also connected-through an address bus 56 and a
menory decoder 57 to the nenory 54 and to a 5 = perpheral decoder 58 a
a. real tinme clock 59. Finally, the m cro-processor 51 is connected oV
the bus 53 to a peripheral interface adapter. (PIA) 61. The peri pheral
interface adapter 61 is connected to receive input from a plunger
arritcval sensor through an operational 10 anplifier 62 and an air

pre§§ureigga tRESOBepRrALGR 2Bgasso-ypimt 5‘5'fiﬁﬁﬁ}'6§fr§g§5?28%ﬁ§5£89a9

pressure-limt sensor provi- des a signal throu i frer

t he tubiagtgauingﬁh@xegedﬁlangéﬁi%@‘¥3é¥Ef8%8§iefi%@eaﬂdﬂ¥f€§@6¥3%%k the

pressure sensor provides a signal through anmpli i n the event

tubi ng peeatwiod 1&ronz6 beloses ihe- Filrd afot@t Uoalven 420Wnld Wimel tirfedis Vy
battery power is available in the renpte areas where such systens are npst
of ten | oopeed, thw sgeord motprowslbre Wibhto |21 dat €86 YhYght daes@iRC! fir -
and a battery voltage failure detector 66 which provides information

t hr Sugh masiper igasesl taOpassi thadugle thiepsecofd flawe"TesiSoandhout the
system The peripheral interface adapter 61 is connected to actuate a pair
of not or highveBregsueansgas taalemi dding 4dl.enoidfitemna fpre+seleatddoncime
for "off" in each of the solenoid pairs 67 and 68. An address fromthe
peri pher RETiRAe dfieighiapresssie| produstdon gag ofilpwatticoughr the tldnened by

e other, of a pair of sol enoid - _
th ~ the sécbnd motor valve 46 is again closed to shut in the well and

ibj_ allow the plunger 20 to drop back down:the'tubing 16 aﬂd the'for-
10  mation gas pressure to re-accumulate for a subsequent Cyclé. |

Thus, in the.systeh of FIG. 2}-é'pait of motor valves are

‘operated so that a first valve is opened for a time to clear the

well and .then__closed while a seconﬁ 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

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 cémplﬁtions illustratéd in ETGS. 1 and 2. 'jThe cir1

cuitry includes a micro—processbr 51 driven by a clock driver 52

ahd connected via a multiplexed data/address bus 53 to a memory

54 and a demultiplexing latch 55. The processor 51, as well as

all other processors referred to herein, is preferably of the

-M'-."'




drivers 72 and 73 for respective ones of the notor valve solenoid pairs 67
d 8. A one shot multi-vibrator 74 selects the tinme period during which

{gnal is supplied to the solenoid d§ vers. 5 The well controller

emof FIG 5 also includes a keyboard 75 for the entry of nultiple

-

st8” system 77. A nulti-character optical display 78, preferably of
the liquid crystal display (LCD) type, is provided for operator .10
observation of information as it is programed |nto the systemas wel |l ag/

vari ouguRar gﬁ]er;h@ndb tGH?n d%ﬁ{ﬁn&yﬂ ?ﬁfﬁdl onatlogeeé(;élnz‘.j“éélwu?{Q?

operation o ay provi a VI Sua

al arm .gg@glmgen%m S Mg B c¥o oaeiﬁyc&at hags ngke% attsewzﬁekeage

and a ery tailure con rtio di spl ay riven through
a pai regbitlysp! aypnd | Hibiﬁ?rﬂi&s&?ot nsa0nygnti pigl doiickea LRrédgh an

enbodi nent ©Of the display 78, each character can be either the .nunerals 0-9

or theaddebssr busH56E.and . a femBry dedddér 057 SebetBied memorStFd Yakd 6§ UaE
effects closure of all notor valves and is visually 20 i ndi cated by the

i idi capepphéich? ldecodey 58 t and ahamedls tihme- ckiek BY.a dFipladdyhi the
alternately flashes HELP 2 and the tinme at which the condition began; a
dead microyprbtessorciTsuie conadctad ooverl \tde hus i S3showva (peripiresal
The status portion of the display 78a indicates the condition of the cycle
of ope#lat:esgace agdapteghd REA L A -as ei'ther ON TIME-P; OFF TIME-E; or

EXHAUST TI MVE- L
The peripheral 1nterface adapter 61 is connected to receive

input from a plunger arrival sensor through an 'operational\“j

10 amplifier 62 and an aiy pressure fail sensor through an asso-:”
ciated amplifier 63. A high tubing pressure limit sensor provi-
des a signal through ampiifier 64 in the event the tubing
pressure exceeds a pre-selected value while a low tubing pressure
sensor provides a signal through amplifier 65'1n the event the
15 tubing pressure drops below a pre—selected Qalue. In addition,
since only battery power is available in the remote areas where
such systems are most often located, the system is provided with

a low battery voltage detector and a battery vocltage failute'\)
- detector 66 which provides infbrmation'.th:dugh' the pe:iphetal

20 _ interface adapter 61 to;the rest of the system.

The periphe;al.interface'adapter 61 is connected to actuate a
pair of motor valves by me&ns of two pairs of solenoids, one for
"on" and one for "off" in ecch of the sblenoid pairs 67 and 68.

An address from the peripheral interface adapter 61 is paésed

-



while the remaining tinme is shown and decremented in hours, mnu- tes and
seconds in display sections 78b, 78c, and 78d, respec- tively. The node/ .
of operation of the controller is shown in Section 78e: 1 for node fA9:
and 2 for node B. To provide maxi rum battery'life in renote l'ocations, the
system includes a power save circuit 83 which operates to power down all\
processor functions except those necessary to nmaintain nenory until the
occurrence of either the passage of a selected 10 time period or the
recgépt of an input signal fromthe keyboard 75. In the operation of the

system ‘lfthaugn 2 eh@c@&%‘ar M1 88 %gﬁcrcgeghgb%\ﬁ% %E%?é‘?%t genox

pr ogramm ng S are nmade by rst preSS|ng

her eaf
for oo CBivers For‘%%n%?efayg?%? eCti0e" Hngs' zé%’?i’r ¥t Ve lNIEL8) ofotd
75a i s Hagrelegr eaaad efgal | Omeenayshb,% o 1k N 195V, Eéﬁe%d sm@eewr@w'tﬁmxs

to programinto the nenory 54 a tinme indicative o tinme period w

whi ch ggeriod @heind) weien anaeghhe 18 suppllied tto Rald sWLooVd! dLEvaPBED-
Next, the PROGRAM KEY 75a is pressed again followed by the EXHAUST Tl ME key
75d andThensrell kegstrolierresystiem e FIGt he alse daciludeshisikéyiboargons
notor valve is to remain open after the first valve is closed so that
product fow fthe fensny hefwaultipl e opriogremndinga| dgtat Ho tRROERAMmemdaey 54
75a, OFF TIME key 75e and nuneral keys are sequentially acti- vated and a
third tthEqugh i deaxPoard arrederwipchrnds theditis iswstem 77.

A multi-character optical display 78, preferably "of the

' liquid crystal display (LCD) type, is provided for operator
10 observation of information as it is programmed into the sysiem 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 weil. as
~visual indications of low battefy voltage and a battéry'failure

15 ' con@ition. . The display 78 ié driven through 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
thg .letﬁersﬂ B, E, L, or P. A loss of solenoid air supply
pressure effects clésure of all motor valves and is visuaily
20 indicated by th? indication HELP 1; a lov battery alarm is 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 motor valves and is shown by HELP 3. .The status portion of

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

_}/_



of the time wthin which both notor val ves should be closed and the well

~Rut -i n. Each of the progranm ng paraneters are 5 di splaced in
& LCD display 78 as they are entered into nenory through keyboard 75. A .

B operatlon S S|n1larly programe th ON TIME to open the first

pt/or val ve (a "maximumtinme" in the event the plunger does arrive by

en), EXHAUST TIME to close the first notor val ve and open the second and

OFF TIME to. close 10 - the second notor valve and shut-in the well. &nce

the systemis started by depressing RUN key 75f, the mnicro-processor 51Y

cont r ol e OIS a{ B P 4B BYALRTONO TSI CHENRhE LR, tae ﬁﬁﬁh@ﬁ@ri‘&tw—x.

i nterface adapter 61, decoder 71, and one-shot multi-vi brator

ener gi 2 i1 heRdier &wa £9Ph§ dimkeis Lhown Q.@mt&?eﬁ&dteaennbﬁwravt Ainu-~
val ves 67 and 68. After the first "on" time period has el apsed, the first
not or tds/cafd isecOn@®dih 0 dilsgildyesedte6his0mEl, | 78E,0ahd Mea ) heedpll -
whil e the second notor valve 68 renmmins open to aIIOM/productlon flow from
the veltiviellyan it oodel ofxlupstation” off t EheWdiontrolignalisi shdwn in
provided to the peripheral interface adapter 61 to effect the closure of
t pe' secemxiamt'tﬁeualllefcﬁﬂ modkeAcahde2 fioot modd \Bs renain closed for a
third pre-selected "off time" period until the cycle is begun again.. In the
operation &ot proyidsui maxiguer| batsery nddéen inn rematmndocasionsh the
operatlon of the conpletion shown in FIG 2, the keyboard 75 is used to
sel ect syRGE™ RﬁiggﬁﬁdatRQWﬂﬁnﬁQHe2°hﬁ€“1Fh§ﬁe&hﬂﬂh opexates the power
time peri.od V\ﬁhln whi ch é;“ ,

down a processor nctions except those necessary to maintain.

>

ﬁemory until the occurrence of eithet‘the passage of a seleacted
10 time period or the receipt of an input signal from the keybbard
75.
| In the ‘operation of the system of FIG. 5 in mode A, as
descfibed above:in connection with FIG. 1, programming entries
are made by first depressing the MODE key 75b and thereafter
15 either tlie 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 75c and
then numeral keys to program into the memory 54 a time indicativel\J
of the time périod witﬁin_which'g;s is to be injected into the
20 | well'with both Potor valves open. Next, the PROGRAM KEY 75a is
pressed ggain followed by the EXHAUST TIME key 754 and numeral
- keys to enter 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 well may continhe, Finally, the PROGRAM

"'?6"
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- pressure gas production flowis to occur follfmnng clearing of 5 t he
well as well as the tinme within which the weM is to be fully shut in tg{
allow formati on pressure to accunul at e. Upon ini- tiation of the cy¢l %
depression of the RUN key 75f, the mcro- processor delivers a. signal
t hrough the peripheral interface adapter 61, the one-shot nulti-vibrator

74, and the decoder 71 to 10 open the first notor valve 67. Wen a

signal -is received over the plunger arrival sensor through the operational

“amplifier 62, the flhp flog 60 and the peripheral interface adapter 61, the

m owo- probeyéaﬁaag Ke¥el3erandnpuseradl keysvare gseguentially acti-
S|nultaneouslé g? segpnd noif or yval ve 68 to open for
u@P |

sel ected V8%f st ioHe 1 gRtpredsipEo pPSHBEflgﬁHQWth indicative

Th ft t | f

Therealthe 40 FThe" phE Y}fvirg‘ﬁf?‘ d'aa?haﬁﬁﬁﬁéfife e heelg, E?S% B ana
d fe

' ahsducerBen BeRa eI ," | SR B Cre MH oty Pl ons sare

2 pPosot hrpRARER i TRad e Wﬁf@%.’%“%séh”*%‘g fETEILEcRE Joe, A

~tubing pressure. is-stii bel ow a | ower

bel ow t hagh¥ghg®: key%d"ﬂ:}di”ws il nidfdeS'B a%gé%i?ﬂgﬁglgzﬁ&g?geg B 2 roasnémed

Ref erri ngwiekt oo TiMe sebe@.telnc thenOf BFs € hAoRorN valIoR () "mBxaMdm ¢Gme" in
arranged for 'viewing as shown therein, the mcro- processor 51 is

connect edthe keedti tie Iplungsld dess |arrbee Byi then), EXHAUST TIME to close
. the first motor valve and open the second and OFF TIME to.close
Eﬁ ' the second motor valve and shut-in the well. |
| Once the system i; started by depressing RUN key 75f, the
micro-processor_Sl controls operation of the sysﬁem to proﬁide
signals to the peripheral interface adapter 61, decodef'7l} and -
one-shot multi-vibrator 74 to energize both ﬁhe'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 1lift gas into the well while the second

motor valve 68 remains open to .allow production flow from the

W/ well 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” petiod”until
the cycle is begun again.

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

_'2{.-'



e 52 conprising an oscillator 91 connected through a flip-flop cir-
ciit 92. The oscillator 91 includes MHz crystal 91a across which is
ohnected a resistor 91b, a pair of s es- connect ed capacitors 91c and
d and an inverting anplifier 9le. The m cro-processor 51 is connected
the nenory decoder 57 by-Ileads 10 conprising the address bus 56."
The output of the nenory decoder 57 is connected to the nenory 54 by
address | eads 93 and con- nected to the peripheral decoder 58 by a single,
| ead 93a. ‘The output of the mcro-processor 51 is also connected by negns
of a ceerneftigndmidh pkhe sopebakinbnidr tdre womrplebipbnehown inl RiGg 25
the nenory 54, the real, tinme clock 59, the display drivers 81 and 82 (FI G
5), asth®ikeyboard I?éyﬂ&am%&ﬁe?eh%cﬁn%‘t)ﬁggﬁerﬂﬁﬁgr and the mumerafap? er
61. A nenory-decqding |latch 57 i.s provided to denultjplex: the data and
Sddr e AR By Ehereabtaty TOTEAR P Heoh! oFing ReRieA wEEhin® vhdcherbigh 54
i ncl udes_a. RAM 20 - nnﬁ¥894d%fr the aéfra e of sured paganeters  and
ceybo e AENES: FA%. RFOTPGHASE AAcr 48 keI OdEuE SAULAYARS oF LEARARES oK,
6, a 7 e r age +of rol - fLor e NLGr Q= RrLOGESSAryy Dl.
Sthe “IhSourR BRCHRLY 355 He O AR ERTH Ghichchalylit, S50 R Bt
I nput fsr0 h o] ~LRta b e s vel | t : _
opticéﬂﬁg?s6Pa§£§3%9b5*£b2399ggﬁ§ﬁ aép?%%“%%eFgfg$§¥u$§éggﬁfputUgﬁntE@‘l

ner| LAY AGR! GETE68 SHRALES b SapBe G LelRb ey daderier T
for apréces€bect@d1ivaPspeai shignal Patlir SighOltHW! et iptir£1 I GYitlet facnd
adapter 61, the one-shot multi-vibrator 74, and the decoder 71 tp§~f
10 open the first motor va}ve 67. When a signal is receivéa over:
the plunger arrival sensor through the operational amplifier 62,
the flip-flop 60 and the peripheral interface adapter 61,' the
micro-pzogessgr again causes the first motor valve 67 to close -
‘and, simultaneously, the second motor valve 68 to open forﬁa pre-
15 selected.'exhaust time" period of high ptessuté productioh_flow.
Thereafter, both motor valves 67.and 63 are closed for A pre-
_ progtammed_!qff time" period and.the cycle is again repeated.
The system also includes .a "pressure override” feature in
both modes A and B so'. the pressure transducers are connected
20 through operational amplifiers 64 #nd 65 so thatlafter aﬁ on time
has expired and.the tubing pressure is still #bobe a pre-set higﬁ
limit, the well will remain open until the pressure falls below

that wvalue. Similarly, if after an off time has'expired, the

tubing pressure is still below a lower 1limit the well stays

-%/-



73 are connected to "on" and "off" solenoids for each of the two notor
valves. A plurality of external inputs e conpected to the input of the
peripheral interface adapter 61. A'ZEEnaF“fron1a pl unger 10 arriv
switch is connected through an inverter 62 and a flip- flop and* 60 to
provi de a plunger arrival signal when the plunger has reached the top
position in the tubing. An "on tinme" is pre- progranmed into the
controller so that if the plunger does not arrive to cause a plunger
arrhxﬁl signal by the time the "on 15 time" has expired, the controller
mﬁllfautqgﬁ;'qﬁlly cycle. and close the first val ve and sinul taneously open
t he second valve. After the passage of a pre-selected tine period follow ng

a plunger arrg [ | C : . r re-set |e: iCc
resets the flﬂl%f-a%ﬁrogn%dg%% %éagbgsggpgpgtt:%cg% aanhei\el?%‘ﬂ‘ mg?ﬁﬁ%ér%" 78
arrival siggalecon t o ' CY . L L PLESS ai Lgnal i | sQ. -
coupl ed ?ﬁggugﬁgén%giuy eﬁ 6§$€0 %ﬁgvﬁgét é? tHégB%A %Réggf?é h?ﬁ% Ricro
Pressur e ik ds¥e P SESUS ecbhfetddee to BE §PTveRCBYCE 310 ! Scidck NEr PLér
and, respectively, provide indica- tions that the tubing %ressure 1Is
ei ther @& womprisimg odh osPitlaebechad condleeded tHrowghlidi pnip-2168t Lery

fail signal is coupled through an operational anplifier. 98a and connected
to the peuighed2l | Ther fosre Hostpdrer 91 ad niladels |£all MHI | @rystalll e9)al avross
signal of a sonmewhat greater voltage than the fail is €onnected 5 to the

Pl A t hr ospicdpei st iconneched| fa eres8btar (kb BL al qealir Aofcaser bes seennethed
circuitry of FIGS. 7A,. 7B and 7C serve to '

capacitors 91c and 914 and an inverting amplifier 9le. The
iﬁ/- ‘micro-processor 51 is connected to thé memory decoder S7 by-leéds
10 = comprising the address .bus 56. The output of the memofy decoder

57 is connected to the memory 54 by address leads 93 and con-
nected to the peripheral decoder 58 by é sihgle léadl93a. The

- output of the micro-processor 51 is also connected bylmeans 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 the data and address buses from the out-
-put of the micro-processor 51. The memory 54'includes a RAM
20 memory'94'for}the storage of measufed'patameters aﬁd'kéyboagd.
- selectable programmed data, as well as a plurality of EPROM'S 95,

96, and 97 for the storage of prbgraﬁf control for the micro-
-processor 51.: The keyboard éncode} 76 is connected to the

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

_%-



reyte signals to and fromthe mcro-processor and the various peripheral

C onents through the peripheral i rface adapter. to effect operation as

sgg forth above in connection ﬁf?héF . 110 and 2. The power save
irguit 83 consists of a pair of intercon- nected flip-flops 83a and 83b

havi ng OR gates connected to each of their reset |eads. An out put from

the keyboard encoder 76 through OR gate 99a is coupled to the first

flip-flop 83a. An 15 output fromthe real time clock is al so connect-ed

via the CLK lead to the other input of OR gate 99a. An output fromthe ‘\get

| ead of fthe- Mempr3dBas4sasomeddt eals t hheugptdeailnali < gpt 839%orbasdsdrvdtiton
m cr o- processor as the W | ead. Qutput -fromthe flip-flops 83a and 83b
are connebyedhehrapepatompai r The BUCPUS! \Gf 2the péRipheralllidxemfarc)idapter
whi ch are connected to drive the display. One of -the gates 100a is

‘connect ed610igr cpanartead ko cbPbh #hsed emaishedecpdend7bf aswweld tas thireugh
Is in operation while the other gate_100b is connected to_a "power_ save"

col on whi 2nPBEr&BoS: B i Phatok 24 che| eneRIpERe thea PO LaRRIAR for a pre-
I ndiscat es_t hat . m,ni_num ower i s bei,ng cons d.. .l ower save .node,_all
pr ogessorsﬁ acted) 5@%&?'1{){)‘?\,& arg E’G\hé?@foo%‘g\gee%?tgpgrEHSEecﬁée&% y!3 and
mai n- taig,nmepnry and essential _digital tions tp,copserve po Jdn

t he eventlf?)f ag‘és'_ é’ﬁ'&‘lec&re%%o oR 19 ﬁ@? t"0 ‘gﬁ‘gg???h%%o BF 78°8’rv°t\eftr"|etr?eeaTw°
tinme cloqh é? wgiggsproduces a.signal on the CLK | ead every five seconds,

i s received ﬁrough gate 99a, - the power save circuit is switched out of

power A plurality of external inputs are connected to the input of
the peripheral intérface adapter 6l1. A signal from a plun§e¢

10 arrival éwitch is connected through an inverter 62 and a flip-
flop and 60 to pfovide a plunger arrival signal when the plunger
has reached the top position in the tubing. An "on time" is preé
programmed into the controller so that if the_plungér does not
arrive to cause a plunger arrival signal by the time the "“on
15 time™ has expired, the controller will automatically. cycle and
close the first valve and simultaneously open the second valve.
After thg passage of a pre-selected time éeriod following a

- plunger arrival, a signal is placed on the plunger re-set lead \.)

which resets the flip-flop 60 and enables it to receive a new
20 |

signal is also‘coupled‘through an inverter 63 to an input of the

PIA 61 while high pressure and low pressure transducers are con-
nected as inputs to the PIA and, respectively, prdvide indica-

tions that the tubing pressure is either above or below

_;4 -

plunger arrival signal on the next cycle. An air pressure fail -
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save node and power is delivered to aII of the conponents for operatlon
and eval uation of the status of the $stem 10

Mal ti-Controller Operation Referring now to, FIG 3, there is shown a
schematic drawing of a plurality of plunger lift well conpletions 101-10
‘and which are all controlled by a well production controller 26
constructed in accordance wth the 15 t eachi ngs of the present
i nventi on. Each of these wells may illustratively include a borehole 1
extending fromthe surface of the earth dowmn to a produci ng geol ogi cal
formation which is lined with a tubular casing 14 which is perforated in a
regi on aBFgceftected pvadyesng W n@xddbitionTha wepttexysofaipc| siignaly im

To the SEPPRLESISHEANA AR (ARRRACLRTEh: 68L9?ﬁ§9{ ée”t o ERRaGHEd e ughe
fﬁf? 'nfvg“gf garh 8%??&.1{{@%{ SN e TR e : Bﬁa%b' ”gfs’jtstwun%%‘a
101- 106 PigiRY Heoh, BoeliRs, oiddi8P. vorfhel s a?ve“%%r%sgggq fPested
B:ijsr)gltl'?% g?ﬁﬁozﬂgnga \?(gbqild 1%56{]{6(;&%fd rr?mﬁ?%gﬁ': ?ley,as conne?'f tgf aa5ﬁ

separator 28agndan ®eS swdifs dHdcBrcuiEaghos! FiBs . MAQS mlm 7d lsddve %8
actuated by a pair of sol enoi ds 121- 126, " respec- tlvely, whi ch are

connect eflohiee aPPFRaloN e &hE VEtdm PraduahiOrospréc@ssor 4nd the various
peripheral components through the peripheral interface adapter to
effect operation as set forth above in connection with FIGS. 1
10  and 2. ' L.

The power save circuit 83 consists of -a pair of intercon-
nected flip-flops 83a  and 83b having OR gates connected to each
of their reset leads. An output frbm the keyboard encoder 76 -
through OR gate 99a is coupied to. the first flip-flop 83a. An

15 output from the real time clock is also connected-via.the CLK
. lead to the other input of OR gate 99a.. An output from the set
‘lead of flip-flop 83a is connected through another OR gate 99b

\_/ . back to the micro-processor as the WK lead. _Out§ut from the

flip-flops 83a and 83b are connected through a pair of EXCLUSIVE

20 - OR gates 100a and 100b which are connected to drive the-displag.'

One of the gates 100a isiconnected to drive the time colon which
flashes ‘on &nd-off while the unit is in operation while the other

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

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

- 25 -




e to the expense of providing supply gas and/ or conpressor 10

acity inrenote |ocations, Is frequently desirable to operate
n\y one of - a plurality of wel I's at %égarticular time period. The -
troller .of the present invention serves to sequence a nultiple of

f'ls between an "on" and an "off" state, each for a pre-selected tine
eriod of "on" tinme and "of f" tine 15 in an orderly fashion. That is,
by entering the "on" tine and "off" tine for each of the plurality of wel]s
in the array, the controller will performan orderly "queing" function tg/
turn the wells on in sequence in accordance with the sequential order in -
whi ch t heoWer | éseé@f-%a‘éﬂnahméﬁpl r kN oPeWert save ‘'meide, tahd. pgocessor and
Referring fto FLG the LCD display is simlar to the display 78 of
FIG 5, 3®aPg fﬁ.aseweal AT RaPRUEHSS (fovn eXGPRT PLhesenRPEREEARYt FOamaLn -
conditiqgns, and circuit status charac ers tg indicate tines
The st at¥Rt 'boF‘FF'SﬁWS‘J‘ nﬁ?ﬁﬁ?&éagh%ﬁ* i BReER t"ﬂé‘scfﬁ ecﬁ?sﬁﬁgfatﬂ%ro'f
the circuit as either ON TIME - P or I
renaining time is decremented in hours, nféﬁte%gaggegébo ds |§135 §I5f°m

Prot L onteitifer ' BleX Koyiifard a086LLLE % or "End®rlal HiSle "E1 66K 088 Al Y

t he contro I'S sho section emi1s progra

in the rp&éaua\sél CepghaYr 8h! %eascﬂnoliéw e\Féf§tfﬁréesgéUﬁﬁskelsZ%@’céﬁ:ed
pressed to stop the opera- tion of the circuit “in whatever state it

in. Neptiz oug i egEEHIY, keYie2 povers awas seirdwit 0¥@dsRY tbhedV\bule WIV%ER,

key 236b and a nuneral to indicate the particular well. Thereafter, a
save mode and power is: delivered to all of the components for .

operation and evaluation of the status of the system.

10 - Mulkti-Controller Operation
Referring now: to FIG. 3, there is shown a schematic drawing
: of a plurality of plunger lift well completions 101-106 .
- T : and which are all controlled by a well
production controller 26 constructed in accordance with the
15 teachingé of the present 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 is.
lined with a tubular casing 14 which is perforated in a regiohu}
adjacent the producing formation. The well also includes a
20 string of tubing 16 connected from the. reglon :ad jacent the per-
forations to the surface and whlch 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

- ¥ -



10 time key such as ON TIME key 236¢c is depressed followed by
nunmeral keys to programthe tine into the nenoJy. Each tinme period
programmed requires the full sequence tg repeat ed, nanely, PROGRA
VELL NUMBER, nunerals to select the well, éE% | ME or OFF TI ME keys and
nunerals to select the tine. The 15 = sequence is repeated until al
tinmes and off times for all wells has been entered into the nenory. The
operation of the controller 26 in conjunction with the nultiple well
con guratlon of FIG. 3 wll be explained in further detail below 20
Qpti It 2|myhiﬂﬁfcﬂ$Q¢hCp@rﬁhﬁoﬁehéﬁeﬂqu}Qﬁioﬂ&)kﬂk&lﬂﬁ nayrbei esgentnalddy
illustrative sche- mati¢_drawing of a plunger lift oil well conpletion
simlar tdeantlcalifercdllnstra VQWEHEP93?ﬁe ﬂéplth?(ﬂﬁﬁﬂﬁﬁxpfrﬁeﬁboflow
dance - w] I QUS __neasure dgﬁganeters pr oduct on

u

Control | Smbal Hhe cRBASS SEEL TRty e tBroRabna (e b Trelesrticy
f h d h 14 t d t h f

f’ o the ol mfor " Farihe TLPH RS £80 o bamindy | faat be1a; 2T Hanpeared 69
B Por s Wepatladdd! 255%9 Wrgse | BRTLR 30U 133 OehBhO i Hdod fua 08

me al so 1'nc ng 0 ubing I
I
ol unger 30348 ?Eeﬁﬁﬁégﬁgﬁ{va 5B, B opehoidy TR0 Plepre-

tubing 1&jivell's WRPEH ﬁ?@(goﬂﬂgéﬁéﬁ'ﬂar'SpEEQEQQnana€H§|¢E?9 ﬁ@oéﬂthaﬁ

protruding thérefroma section of the tubi
controller 26.

. Due to the expense of providiné supply gas and/or compressor
10 capacity in remote le?ations, it is frequen£1y3 desirable to
operate only one of a plurality of wells at a particular time
pefied. .The coﬁtroller of the present invention 26 serves to
.sequence e multiple of wells between an 'oﬁ' and an "off" state, .
each for a pre-selected time perxod of "on" time and "off" time .
15 in an orderly fashion. That is, by entering the “"on" time and
| "off" time for each of the pPlurality of welle in the.artay,_the
controller will perforﬁ an orderiy *queing*® functien_to_turn the
wells on'in79equence in accordanee with the sequentiel order in
which the wells each reach an expiration of their “"off" time,
20 Referring to FIG. 6, the LCD display is similar to the
display 78 of FIG 5, with alphabetlcal characters H, E, L and P
to indicate both alarm conditions and circuit status, and numeral
charactefs to'indicaﬁe times.. The efatus portion 78a indicates

the condition of the eycle of operation of the circuit as either

s



whi ch includes a lubricator 29 to receive the plunger 20 when it is
| t S upper nost position. I'n addi tion, qqflunger arrival sensor 30 is

i ded to indicate when the plunger is A ts upper nost position. The

r end of the tubing includes a flow "T" 130, the output of which is
ected through a notor valve 15 131 operated through solenoids

by the well production controller 26. The output flow line fromthe
mot or val ve 131 passes through a tenperature flow and pressure sensors 133
~and 134 into a separator 135. Actual tubing.pressure and tenperature argy
moni - 20 tored through érgnstcers 139 and 140 while transducers. 145
and 146%NonTEME c5si Rg Bges FFe LHME: efipf aitide the regdidingwtimen dse
separatgr al so has, t npqh?ture,d£E53ure aqp flow rate, noni,tored by sensors
136- 1389eFEEMenteq 3,” i RRBT 8/ sRADRELS 5 And  segondsTpin jdisplay 1 BERLiRSS

Tar 14380z oiRa TR Cr pRRCRRVAIN., B RHLT nlbe BelR) oBElRA

out put gl GREN ndd1P) 1 EFPEE AbHEGR RRCEMUG oA R | OW rate sensors are
e I'Ter 26

connect to the we production contro and” each supplies a neasured

val ue there&@ne%ééﬂ i BANSEbELAmhEdC NN RFEOmBY £l DRelANtddHf Bfuratibn as
shoul d be cle that in other aspects of the invention, the well paraneter
noni - 1@ollowel. NFirssdeser PALBE, key3236a0d sl Freeifad ord ds8pSehachbpdriac
measure other desired paraneters, e.g., oil/water ratio and supply
that intdomatofn tiget kd reanit oliner whGteoerusstaper ait nds in. Next, the

PROGRAM key 236a is pressed followed by the WELL NUMBER key 23Gb .

and a numeral to indicate the pafti_cular well. Thereafter, a |
10 time key such as ON .TIME kéy_ 236c is depressed 'foiléwed by
numeral k’eys' to program the time into the memory. Each time
period programmed requires fhe full sequence' ﬁo be .repeated,
namely, PROGRAM, WELL NUMBER, numerals to select thé well, ON
TIME or OFF “TIME keys énd numérals to select. the timé.. The
15 sequence is repeated until all on timés and off.times.for all

wells has been entered into the memory; _'

The operation of the controller 26 in conjunction with the

multiple well configuratibn of FIG. 3 will be.'éxplained iﬁ;)

further detail below.

20 _ Optimizing COhtroller Dperatiod
Referring now to FIG. (, there is shown .an illt_:st:ra'tive sche-
mat?é draﬁing of a plunget.lift oil Qeli completiqn similar to
those of FIGS. 2 and 3, wherein the weli is operated in accor-

dance with various measured parameters by a well production

..



the well or wells. Based upon established pﬂlgipﬂes of reservoir

engi neering, 15 there are certain pressur Jowrelationships in a well, o |
comple- tion which relate to optinmum production fromthe well. For K/
exanple, it has been determ ned that by cal culation of the I|Ideal- Tubi ng '
Pressure from established relationships for a well, an operator can :
conpare the Actual Tubing Pressure of that well just 20 before the well

i s opened and adjust -a conventional intermtted timng cycle to achieve

opt i'qum production fromthe well. That is, by flowing tube well for a

| onger pEPPSFoldersnd®tingthe Wallorincludes ea hanehple | 12t gxtgading from
tubing pressure Ji's gre t%{ than the ¢al cul ated ideal pressure and b )
f I owi ng the guFfacs of t &IRATER i BAViRg antrbulaT €asingls 9 ing

Crodec- EFOR ISR BunEAPe AT LS hERRRGEAS" SEARESH | BE TSRS per-
- k rel aty | ' el | ' | d A
Cubst ant £aFRY PR F T804 Rokhed B! i 1" pRahale BRC oPHAF ahq gapes

to adj uskephe e&eﬂﬁﬁﬁy@iﬁrm hef.gow 'rllgg;:[ff t‘i‘ﬁep&éiﬁmaﬁis’b"qqéﬂfhes a

i ncl udes the capability o egularly, cyc y nmeasuring the various

flow pregevingt 62 RALARY €16 PAhRBR! s OtePREnAL P £ WVBhbS 16WEEr end by a
controlling the operation based directly upon the use of the nonitored

val ues i gubing stdEORB! ANA [ bWhPEF ABPRd nigntas § heapreedpTdcatiithd z;ﬁunger
result of the processor's cal cul ations and decisions. Thi's enables direct,

continuogd apermbufbedl fomehdbvémenehiigyea opertidalr AiddOlodr ap @and down
i ndi vidual well or an entire field of wells based upon actual. =

N the tubing 16. Thel upper end of ;he ca;ing_ is closed -at a
| wellhead 18ﬁand hés prosfuding therefrom a section of the.tubing
10. which.includes a lubricatgr 29 to receive the plunger 20 when it
is in :its uppermost positior;. " In addition, a plunger arrival

s.ensor 30“is provided to indicate 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.
15 131 operated .through éolenoids 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
separatdt 135. Actual tubing pressure and temperature are moni-.
20 tored thtough'transducers 139 and 140 while transducers 145 and

146 monitor 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'storagé tank

A -



ating conditions. 15 Purely, by way of exanple, in

u§trating the use of the well controller of the present invention shown
NI/G. 4, a NET PRESSURE can be deterjiped for a particular well by nmeans
e following rel ationship: CASING - AVERAGE FLOW NG

20 PRESSURE SEPARATOR PRESSURE

PRESSURE For each well, there are nunerous factors which determ ne the
rate at which a plunger conpletion will cycle, such as depth of the wel %
gas/fluid ratio, gas gradiant, fluid gradiant and casing and tubing S|zé€

Uit cf erf® Lo B0 ($R8 pIahA, T2 Lghsura&giﬁéyr 3% o Fyongacronghi m-
h t
%.Ccﬁr?ﬁé-%eﬁ* L i R R S I NI Ve e i

i n g Qdésle?a}ﬁégT@B as sone tmo digit fraction of the NET

PRESSURE 'S experinen y déterm ned and progranmmed into the system A |

MAXI MUM FLU D PRESSURE is next determ ned: NET FACTOR

MAXI MUM FLU D x 10 ~ PRESSURE ' PRESSURE
ands | DEAL TUBI NG ' Thé¥§ﬁ5§ht of each oﬂWQSQA%@E$E¥EE8?ESSg¥issure,
PRESSURE PRESSURE

and flow rate sensors are connected to the well productzon
contfoller'Zs.and each supplles a measured value thereto when the
transducer is energized by the cohtroller. It sﬁould be cle- -
that in other aspects 6f-the invehtiod,.the well parameter moni-
10 tering transducers 133, 134, and 136-146 could be selected to
measure other desxred parameters,' e.g., o0il/water ratxo and
supply that information to the controller 26 for use operating
the well or wells. | |
Based upon'established prineiples of reservoir-engineering,
15 "there'are certain.pressure/fiqﬁ relationships‘in a.well comple-~
tion which relate to optimum"production from the. well. For
example, it has been determined that by calculation of the Ideal_',
‘Tubing Pressure from established relationships for a well, é;h)
operator can compare the Acthal TubingiPressure_of thatlwell just
20 before the'ﬁell is opened end.adjust a conventional intermitted-
timing cycle'ée'achieie optimum productioe from the well. ‘That
is, by flowing tube well for a longer perlod (or shutting it in

for a shorter perlod), if the actual tubxng pressure is greater

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

- 3



Thus, the <controller periodically energizes transducers to 15
nmeasure the various paraneters necessary to determ ne an | DEAL TUBI NG .
PRESSURE and the SALES LI NE PRESSURE. |f Eég\sajes line pressure is |less
than the ideal tubing pressure, then the shoul d be opened for flow,
not the well should be shut-in. The well production controller 26 of the
I nvention in the enbodi nent shown in FIG 4 nonitors the casing pressure by
means of transducer 145, the £l gw ng, separator pressur ey NSetQf (deol pressuve
tragsducer 142, and the tubiﬁg %Feggﬁ?g ?ha’ ER??%ﬁséhggy‘ggg. JEhe

fact6r i sshorseri dexiodr (arpghuttiing akt web| foased ipegert hpeabohif,y prfodure-
well to lift a_colum of fluid and as a function of the gas/liqtid ratio
and progr BARBd 1eYEd St ReaZo RRIMUR GRMIPE . achimeede! | producti on control | er

26 cal cul ates_the ideal *lubign}g %ﬂeséf e in accordance with the aforesaid
al gorithms anHOWENSErestie (RFGIRML ovi felatelanships inpaswell gichange

d . 142 d, | h he id - ' th I
1 ne val et tH $RacHey " YoFy ke taRE k1 ¥ odoR %Lfé%?gégfeﬁ peldpdet-
t he; wel | ] | fl t her ef 10 R ' tq FIG
oot SRERn SRl B hh Chen M an ChE STINAR SRl ot LM PnE iRy e
ith th ' ' t tig f .t t Sk
' i oo, ShRECTLER] of Dhpel KrORERE, (ReRe i IRchadRR' (e DERPERLLIEY" of

151 drivepe§ilariy, cgb2ekaliyVehedsdr IRGCRIS SAVISULY £h8uwd presS uPe Men-
157 by neans

perature parameter of one or more wells and  controlling the

o operation based directly upon the use of the monitored values in

10 algorithms pre-programged into the éroceaso: and the result of
the processor's calculations and decisions. This enables direct,
continuous operation of a well to achieve optimum production from
an individual well or an entire field of wells based upon actual.
operating conditions.

15 - Purely, by way of example, in ;llustrating;the use of the
well controller of the present invention shown in FIG. 4, a NET
PRESSURE can be determined for a particular well by means of the

o following relationship:

\/ - CASIRG AVERAGE FLOWING  NET

20 PRESSURE " SEPARATOR PRESSURE - 'PRESSURE

Por each'ymll: there are numerous factors which determine the
rate at which a plunger.ébmpletion 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

-A -



an address bus 156. The m cro- processor 151 is al so connected by neans
f\ a data and address bus 153 through a: ,Lpe driver 150 to a nenory 154.
i n\addi tion, the mcro-processor 151 is<ton- nected to a denultiplexing
€Dﬁt h 158, t he output of which is con- 20  nected to the nenory 154 via
e/ bus 177 as well as to the real tinme clock 159 and a system decoder 200.
A -Bus system 201 con- nects the system decoder and the real tine clock to a
ripheral interface adapter 202, having a plurality of inputs. Alow =
vol tage detecting network is connected to the i nput of -34- an . W
oper at i apapresshirie efrdid3théi cosproviide s fiividmet t €6 ymuoet 2he plgmijer Ofo
the analog circuitry (analog battery) to the input of the peripheral :
i nterfathe adxfiave &02 wembvead olwad| ofigfludddidt oa tbarheteirdistdlc rate
circuitry 5 (digital battery) is connected through an operational anplifier
204 to andvitherm iadisnme opercenitageerophshel net epressuxdaprter whAghoutpait
froma casing pressure transducer is connected from termnals 205
t hr oughwedh widdr fycdmiover whbheptea Xiskaref abthenrlugoergioest inen atuck
207 to the ripheral interface adapter 202. .Simlarly an i_nput from
ar ni naiB 288 MitAl®i ch & FACTORCAEJ SOMe obwe| ﬁégr}rtes%‘[ﬂ‘et%wém?éu@@re iNET

connected through an operational_anplifier 209 _and the A to D conyerter to
the i npPRES i%he ed&qtp‘ﬁ%‘?'hffal Int é?er%f’cfé“‘db%ﬂ)t e\“dzoemglrﬁmﬁ'&& t 8RO the

- system.

[.

A MAXIMUM FLUID PRESSURE is next determined:

NET FACTOR ' MAXIMUM FLUID : "/
10 PRESSURE * ] " PRESSURE
- and
IDEAL TUBING . CASING - MAXIMUM FLUID
PRESSURE - PRESSURE = PRESSURE

Thus, the controller periodicaliy energizes transducere 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 iaeél iubing
pressure, then the well should Be opened for flow, if not the\;)‘
well should be shut-in. The_well production controller 26 of the

20 invention in.the embodiment shown in FIG. 4 monitors the casing
pressure by ﬁeans of transducer 145, the flowing separator
pressure by means of transduce_r" 142, and the tubing pressure
through transducer }39. The'factor is established for a par—

ticular well based upon the ability of the'well'to lift a column

;72/-



6utput of a tubing pressure transducer is_connected fromtermnals 210
t hrough the operational anplifier 211, adafphe‘A to D converter to the

Lnput of the peripheral interface adapter 202, provide substantive o
measurenments 20 of the precise values of casing, flowline, ahd tubing .
pressures any tinme these transducers are energized. The casing pressurd
flowing |ine pressure, and tubing pressure transducers connected to _
term nals 205, 208, 210 and 214 may be transducers 145, 134  and
139, 25 respectively, of FIG 4. An output fromthe peripheral interface

adapter 2@2 gh$ jQONMREIAA 4 hEHEDién s?w theNgab/31§uii0rat3t? and® grdy fhmmed

effect transistor 213 and.. an analog batfery regulator - 216 to supply

'vol tage §atbhetld 2B6HUEDNI e afehsF ¥l N2l Ph@ 1¢eld WRIudtiFon F @Batrddler 26
ducers and produce an output reading indicative of the respective -

pressur egalcullates f the aideadi t aubihgt t pressarer oihdeactoriande 2dSthhi clbe
are connected to a digital battery regulator 217, the output of which
power s abhforkesaid dilyonithwapandnicomparesaiy ttw Sthe sadesi dimempressure
continue.regul ar -operation.: A separate analog battery is provided for '
powkr i ngmersuzed At cbrpoadNcersukdr adndne ifr dhrirevertinthgcddeadnpressure
operated through a power save circuit which will be nnre-fullgkgg-lained

bel ow. Arégesnabeve fha fales clidecValipretheigotor,valivied fRFERated

out put O%h%@h%%Ié%f2¥g¥§§e¥5£héguggeg g 2 %? ft%n% %@fﬁ¥¥‘%roduction flow

therefrom.

10 . |
Referring now to FIG; 6, there is shown a block:diﬁgram of a .
sysﬁem constructed in accordance with the invention for the
aQperation of the well cbntrollsystem showh'in FIGS. 3 and 4. 1In.
particular, the system inéludes A micro~-processor 151 driven by a
15 clock driver 152 which is connected to a line driver 157 by means
of an address bus 156. The micro-prOCessor 151 is also connected
by means of audata_and'address bus 153 thrdugh a line driver 150
tg a memory 154. 1n3addition,-the micro-processor 151 is con-
nected.to a deﬁultiplexing latch 158, the ouﬁput of which is con-
20 nected to the . memory 154 via the bus 177 as_wéll as to the real
time clock'159‘and a system decoder 200. A bus system 201 con-
nects the system decoder and the ?eaﬁ time clock td a peripheral

interface adapter 202, having a pluraiity of inputs.

A low voltage detecting network is connected to the input of

-},{-.



deceder 221 connected to actuate one of a plurality of solenoid drivers
221- 226 which control the plurality of notor valve in the multiple well
podi nent of FIG 3. A lowdigital battery voltage detection

agdrk 231 is connected through an operational 15 anplifier 232 to the
gt- of the peripheral interface adapter 219 while a dead battery
ection network 233 is connected through an operational anplifier 234 to
anot her input of the peripheral interface adapter 219. A plunger arrival
termnal 235 is connected to a plunger arrival. detector (FIG 4) and
provi des 20 a signal through flip=$4op 236 to indicate the arrival® .

~of a plunger s3f dgeratiaPuhp DI Dér 1 D3 tWRLBEH bPolR@eBERi RRG ¥atithls) face
adapter 219. QQ air resefrg fatbure dg}ectqr i's, con- nected to terninal
236 and provi s§§%ﬂ%}%ﬂa o Phe*Per ARRECS TiRBHLE Lfanples Destexwhe
event of a fdid utbeofinmet carfpr tbeecberipherslppintenfesat addp 4ot Q02
val ves. A nul kj: a r Jdquy £ ¢ o (IS y 1 js praovided wi,th a
‘pair of di spl""t(g{%1 ,r?a\{/e(ri[g%24426%1gogde24é¥§&%k5§§ Elyogt gﬁnéZdilqu%ae -_c&5ﬁﬁé%rr§ t he
di spl ay dbi vé@gzéélanéazﬂsrﬁ'd alfeyrnectedoddirdigh 245 apechtdecedes a
keyboar d 236 aimp1difsRiray204f €6 Bt beraensaded sl vatthekeydogs pb?tigheggg |
menory 154. |, Further, the optical display 241 may be utilized t0 observe
vari ous itenﬁnﬁfrﬁgﬁﬁr?4éﬁﬁé%ﬁ previously programed tinmes as well as
vari ous val ues of ameasutgdtparfaoet eas wasbhhg tpeesyatem apdnkbaceyr r gat
operati 10 of cqursoller, ,Adhe components Wi thin_the power
save circuit cg&%@\tﬁ(}!;%gh afyg%ad%%mg‘r{aglsre u%% t%épg% r %%nsﬂﬁﬁf?%ﬁof}gg
10 amplifier 206 and an analog digital converter 207 to the

=

peripheral interface adapter 202. Similarly, an input (_)
from terminals 208 from which is connected a flow line
pressure transducer is connected through an operational
amplifier 209 and the A to D converter to the input of

15 the peripheral interface adapter 202. In addition, the
output of a tubing pressure transducer is connected from
terminale 210 through the operational amplifier 211, and
the A to D converter to the input of the peripheral
interface -adapter 202, provide substantive measurements

20 ©of the precise values of 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
and 214 may be transducers 145, 134 and 139, ~

25 respectiveiy, of FIG. 4. An output from the'peripheral
interface adapter 202 is connected through a switching
transietor 212, a field effect transistor 213 and an
analog battery regularor 216 to supply voltage to the
transducers over terminals 214 to power the trans-

30

it



the controller during nost of the time operation of the system That is,
the power save circuitry 250 operates to power down all of the
non-essential functions which consune poWs until a signal 15 S
received either fromthe real .tine clock on a periodic basis orfroma
keyboard entry indicative that the systemis being progranmmed or queri €
for information. Either of these two events serve to power up the
systemto nmake neasurenments and see if any action needs to be taken. 20

It ¢an be readily seen how the controller systemof FIG 6 serves to
operate the nultiple well production control systemof FIG _3," The pause
key 236e449Qﬁ§Lé&@dp¥%d%?6paBpBP&PPGnQﬂaQHRS(ﬁﬂﬂ#Qﬁqkﬂe ggxﬁhearggagctgve

entered via keyboard 236 to %ndlcatq at t ﬁ controller is to be used.in
the mul t iBASSSRAES condRAYt TEOMRf Bgy LndPRRERTY hdSp gt to34gads

oy 536 FHhVBRER 1% SRR ected b8, l?h%ageﬁﬁq?tﬁaggﬁeéﬁ‘ S 2b ostpe
or OFF TUWiéﬁgv%ﬁdwﬁig BSQ?EQ 43§’ O %\qﬂdl {%gk?éWtsoﬁﬁéessarg to

"of f" tinmes at me e en |re cycle 1s repea or eac

each wel |p OtTaAikr{ On&ho 2 ‘Q'ntdh'éb t| rTe ?ﬁ}xlirabk@rta%qotno Provédsat ftel BRalog

reception eyed 1 n” nunber ormatton for each of the notor
val ves 1hltlldrpf- 1t.=,hqu%o<1a@d| %&%&F@:ﬁgﬂt k! ethddosOobompodefitis/es§ch as
221-226. Each wel | i s given a 10 er designation and, thereafter,

an "on" ﬁuemf:aeds@& e offanbileers keyed xlsnt@péhetaarrwmdmgtbeaamﬂt sdve
w th each wel In addition, a location within the menory 154 is allotted

for circuit which w111 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 connectgd to actuate one of a plurality of solenoid -

| drivers 221-226 which control the plurality of motb:.vaive'in the
multiple: well embodiment of FIG. 3. A low digital battery’
voltage detectidn network 231 is connected through an o#erational'

15  amplifier 232 to the input of the peripheral interface adapter
219 while a. dead battery detection network 233 is connected
lthrough ‘an operational émplifier 234 to another input of the

\v) periphefal interface adapter 219. A plunger arrival terminal 235
is connected to a plunger arrival detector (FIG. 4) and provides-

20 a signél throggh flip-flop 236 to indicate the arrival of a
| plungef ‘at the upper portion_ of the tubing to the peripheral
inﬁerfaée:adabter.zlg. An air p:essufe failure detector is con-
hected to ;erﬁinal 236 and prqvides a signal to.ﬁhe peripheral

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

oA



storage of which particular wells have tined down to conplete their "off
times" and in what sequence they tined down and were 15 then ready to
he intermtted into the "on" state. Thus, only one of the well notor

8l ves 111-116 is actuated at a ti'ne 5@1 ach tinme that one of the wells
a51-106 "off time" has expired, it will be then placed in a sequenti al
yeue with the other wells ready to flowin the order in which their "off
‘MES" "WEere OVEefn rdQponse FotegrelvabdestsI1116 are sequentially driven te=.

the."on" state &g' pen a wel | }n acggrdag e m«} ‘the well's position i nwf'he
au o o888 AR, he mantrEEBBeoAASE otk al oo be reac Iy seen

producti on c&nHruo'tisyycg}a?n%%gef &?gia4s¥%§§i-a§g?ﬁfslpo_ yn_g{!ﬁ ni;é _ rr?(]&%g%??]gwith
Pressur eg el 166 Ua elp Yy WIS S43habl 3 PO AORLGAIdvh alP! ¥ Ofn By -

means of power on terninals 214 to produce neasured value 1°ndications on
ter- mngbhngdts 20fe aaég%% Wit $he s NRFSEAA! a0k, t B KRG @hcoder
amplifiers 206, 209, and 211, the analog to digital converter 207, and

t hesperi plagr athiidh caéasaeadapt éyBOIr0 236° b CABPpPayCdnTWrmetlion ek Eoded
each neasurenent, the mcroprocessor 151 deter- mnes an i-deal tubing
pressur ebiyn theorkepboeardt hihbe exraplmeénmonygds4hm seurtheh) abhee. optisal
the event that the calculations 10 = based upon these neasured values
exceeds dikplayas24kdmayulbdergusildzed neopobserve varicws edbensdaf eme®@Oy
of motor valve 131 (FIG 4) is driven to the "off" state. If the
sal es | BBehpass previcugl aprpgramneadhct ines| apr weddr @s yaxignd valugseaf

by

measured parameters within the system and the current opgratﬁ‘)
10 status of the controller. ' The compohéﬁts.within the power save
circuit 250 which are” adapted to reduce.ﬁhe power_consuﬁption of
the controller during most of the tiﬁé operaﬁion of the system,
That is, the power save circuitry 250 operétes to power down all
of the non-essential functions which consume power until a signal
15 is received either from the real time élock on.a periodic basis
or from a keyboard éntry indicat.ive that the sysltem 1.s being
programmed or gqueried for informatibn. Either of these two
events serVe.to'pOWer up the system to make measurements and ser
if any action needs to be taken. |
20 It can be readily seen how the controller system of.FIG. 6
serves to operate the multiple well producﬁion éonﬁrol system of
F1G. :3. The pause key 236e is aciu&ted to stop operatibn'of the
controller. Next, a code is entered via keybbard 236 to indicate

that the controller is to be used in the multiple well control



“the m croprocessor 151 to open the notor valve 131 by neans of 15

sol enoid driver 220. It can be seen how fromthe illustration on optimzin
well conpletion of FIG 4 and the ci)%P| jtry of FIG 5, that as the
“sophi stication of reservoir engineeri G? i ncreases to be able to quanti
the rel ati onship between one or nore of various wells, 20 - algorit
can be witten with which data can be eval uated and a deci si on nmade
whi ch of one or nore wells should be placed in what state in order to
acfc]%eve opti mum production fromthe plurality of wells. Referring nowto
FICS: 8A«dHEi [ O¥fe e ' QT f t .
i1 ust ra&%%hg%%fc?or%ﬁn FI% %ﬁ%. npﬁAd)s@l(‘:% %élﬁgegﬁgaptg:%gﬁrlegefnfgfre
drives a tHerepheeeiler 1&d peeeilver atlfophat Den CMORt kBRI, NOMBRR keom2aRkd
m croprocessor 151 on the address bus 156 is provided to the line driver
157 and =nd thehtnhpherad dkalys hni hséléot atHeoweldl dn@ d4n CONPTDHESRey 2B%L
flows over the data bus 153.., A line driver is provided at 150 to nove

i nf or mat icgh OFR CTEME ey 2Bddherecmsed 194 agsign coneskl snehberRAMI "on” or
together with a pluralit of EPROM storage units. A demul ti pl exi ng

| atth 15WE£%S timesi fien that wedl.daThe entine ayrle isierepeapedxfomeeach
out put” fromthe nicroprocessor 151. The latch 158 is connected to the
real tindid&cRN185ch ¥edds 17% A9cadilionawithinememorys3Séndig hallethed to

tem decodey_ 200. Qutputs frogmto the tem decoder 200 go both to the
?r)é?mry 1§Lfoa§ir%| qﬁstlp%pgaéﬁptgon of keyseydS in. number and time cl)nformation

for each of the motor valves 111-116 of the six wells 101-106

g

i controlled by soler_xoid drivers 221-226. Each well is given a

N

‘10 number designation and, thereafter, an "on" time and an "off"
| t.ime is keyed into the memory to be associated with each well.
In addition, a location within the memory 154 is allotted for
stofage of which particular wells have ‘timed down to complete
their "off times®™ and .in what sequence they timed down and were

15 the'ﬁ ready to be intermitted into the “on" staté. Thus, only one’
of the well motor valves 1l1l1-116 is actuated at a time but each
time that one of the wells 101-106 "off time™ has expired, it

i will be then placed in a sequential ,que?fwith the other wells

~ ready to flow in the order in which their "off times" were over.

20 Motor valves 111-116 are sequentially driven to the_'oh' state to

open a well in'_accord_anqe with the well's position in the que/ as
determined by _thé micro-processor 151.
It can also be readily seen how the controller system of FIG.

6 serves to operate the optimizing production control system of

_34'_



of the peripherals. The mul tiplex data bus 201 carries data 15
address and control informati,on each of the peripheral units such
eal tine clock 159, the keyboafgg{ncoder 235 as well as the first
¢qnd peripheral interface adapters 202 and 219. The anal eg circuit
e lin connection with the neasuring 20 of actual data in the
ation of FIG 4 is contained in the analog circuit' 320. This
es termnals 205, 208, and 210 to receive signals from the \
l'ine and tubing ‘pressure transducers through the operational ;;r

?Eﬁ'v%ﬁ'iﬁzz  nEgeiRg f"%mﬂe RS2 t|¥§€85‘a§‘25?§%'é° th° '%ﬁlﬁg'afursem
_ ' ff
tran BYCEEARBANE e?ﬁ*i*éi ré??%?ﬂ ?‘%& e o W dndn o8, Bonf,
214 LY 3
read ng"L oo s Joe %8 LEZ?’Q%*?%; RUFERT YAl hdTcRtions, G Her-

vol t agq i diatigdiiG nem)r karf @ @f@sur.@chowran?a%éaatéﬂa/u n&aé'aaeiﬂfgtksnal

second operatlona anp1|f|er 204 is connected to neasure dea ana

Bat t er umpAdildr@ 20€,Pr2y9 de ana | pricatiny hHadugh tdedliQGital converter
anal og/ digi t al converter 307 to the peri pheral interface adapter 302.

Di gi t akol7gt tarig- ehedipewipher abadwtadt face cadapke2320mdedi fHitas emitebpro-
anplifier 232 while dead digital battery condition . is detected by network
233 andesseratlisdnal wigh idach RB8dsunemenits mha[ﬁuuzdprameséazeliﬂadéter-
219 mines an ideal tubing pressure in accordarice with the exemplaryg
algorithm set forth above. In the event'that-the calculationsku)
10 based upon these measured values exceeds the measuredh tubing -
sales line pressﬁre; the solenoid driver 220 of motof valve 131
(PIG. 4) is driven to the "off" state. 1f the sales line
préssure is greater than the ideal pressure, a signal is given by
the microprocessor 151 to open the moto;'valve 131 by means of
15 solenoid driver 220.

It can be seen how from the illustration on optimizing well
completion of PIG. 4 and the circuitry of FIG. 5, that as the
sophistication of reservoir engineering increases to be able tog~2
quantify the relationship between one or more of various wells,

20 algorithms can be written with which data can be evaluated and a

~decision made as to which of one or more wells should be piaced
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

-



‘15 Sol enoid driver circuits 35ﬁf3re connected to the peripheral

I nterface adapter 219 which drives through a gne-shot nultivibra- tor 251
and a sol enoid decoder 221 to power a plurality of notor valve solenoid :
drivers 221-226. An air pressure failure signal on |ead 236a provides 3
I ndication to the peripheral interface 20 adapter 219 while a plunger{::-
arrival signal on termnal 235 provi- des an indication through the ’
flip-flop 236 to the peripheral interface adapter 219. |In particular, th
circuitry operates to provide systematic operation of the well <

conty gur @iiayraNose theFlsgSteh ailldstratéd AROWIRICKSHSER, ihheTEncegts ab
the present. invention can be used to nonitor well paraneters and only all ow

product i @anf |lnev seeh heaevdrick ir iwet | 152 addiqeanai mi cfoprdqudsoris1sii pde~
the quantity of injection gas required to produce that flow. For 5

exanpl e, flerabhilywféEhbhe TMOSH type e aOvtpptefsom dhea mjicrmpmapessart ¥S1ison
being used to sequentially supply inject gas to a plura- lity of gas

inj ectiofheonpldriesss, bugchlié tiwserividded ntR Gthe, lines drivernblld? oand
utilize the conpressor capaci in the nost efficient manner. Thus, the
brdad comvdifiirfexed nP°t¥'veh°"'—90 and ©Eugn PhclthesmicEORTOseasor oA51

I i nki ng pluralit IIs and peans - for nDnltorl the vo
|nject|o% §Uﬁﬁ¥' mgaﬁamEPF 158e v& dierrdv (ﬁﬁ(ﬁf?ﬁ&ggﬁtAFnéao to

LD VoLV mg PR kMo R i P L R G NER
15 N RAM PE3YUtHeY VieW ORlaLpGdah YRY fbfd EPRAUA L dde Ofud [N £CT A
L/j' demultiplexing .latéh 158 .is .provﬁded on the data bus to
10 demultiplex the output'from the micgoprocessot 151. The latch
'158 is connected to the real time clock 159 via bus 177 as well

as the memory 154 and the tptal system decoder 200. Outputs from

tpe system decoder 200 go_botﬁzthe memory 154 as well as to each

of the pefipﬁerals. The ﬁultiplex data bus 201 carries data

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

as well as the first and second peripheral interface adapters 202

~ and 219.
A The analog cxrcuxt for use in connection with the measuring
20 ' of actual data in the configuration of FIG. 4 is contained in the

analog circuit' 320. ‘This comprises terminals 205, 208, and 210
to receive signals from the casing line and tubing pressure
transducers through the operational amplifiers 206, 209, and 211

which pass throhgh an analog to digital converter 207 into the

-3 -




e}

gas necessary to obtain that flow If]pﬁ), the well is shut in and the
inject gas capacity utilized to produce a different well where a greater
uction efficiency is present The shut-in well is re-activated
ically and sanpled again ‘to re- 20 eval uat e whet her or not
nNoduction efficiency has increased to a point which would justify

i on of production. This approach optimzes the utilization of.

| e production resources to obtain maxi mumreturn froma producti oa.
fNel d/ Wile particular enbodiments of the invention have been > o
destfibed, it is obvious that changes and nodifications may be nade therein
and st||pexemh¢nakﬁunxewéanguﬁﬁapter 202. An lnﬁﬂttﬁgqmnkﬁﬁlbﬁttethQ&;
the intent that_the appended clains cover al]l such changes and

‘nodi fi cltepRknals 18185igoperiogicadly wassed W%@/‘é‘i’éﬁ?fé%%ﬁﬂﬁé@?l"&ﬂ ttrema-

Cycl fc. HAERT ofl Soand H85 pRatad KALEALY CFevalaher die o fperdize’ for-

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

5 value reading therefrom.
JA first operational ahplifiet 203 is eonnected to a voltage
dividing network to measure low analog battery condition thle a
second operational amplifier 204 is connected to measure a dea”
analog battery condition and provide an indication throuéh tg:J
10 analog/digital converter 307 to the peripheral interface adapter
302. Digital battery condition is measured by network 231 and
differential amplifier 232 while dead digital battery condition
is detected by network 233 and operational amplifier 234 into the
peripheral interface adapter 219. |
15 Solenoid driver circuits 350 are connected to the peripheral
interface adapter 219 which drives through a oné;shot multivibra-
tor 251 and a solenoid decoder 221 to power a plurality of motor
valve solenoid drivers 221-226. An air pressure failure'signah~J
on lead 236a ptovides an indicatidn to the peripheral interface |
20 adapter 219 whlle a plunger arrival signal on termxnal 235 provi-
des an 1nd1cat10n through the flip-flop 236 to the peripheral
interface adapter 219. 1In particular, the czrcuzt:y operates to
provide systematic operation of the well configuratiop.shbwn in

FIGS. 3 -and 4.
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production wells, each well having a notqr valve 5 connected between the
tubing® and a flow sales |ine, system &onprising: selectively progranmabl e
menory neans; neans for storing in said menory a pair of signals associated
wi th each one of said plurality of wells and 10 'which are indicative of/a éc
first time period during which the notor valve of that well should be o :
‘to permit production flow fromthe well and a second tinme period during
whi ch_t*he notor valve of that well should be closed to shut in the well;
means_r esponsive to the beginning of a cycle for opening the notor valve of -
the first d P Lyl det i oo INTeiRY| - |

be perm ttﬂ%nﬁﬂg{ég?ﬁnfg tdﬁeyfﬁes}t,@é{??réégglr#ggﬁ%f li:‘t’ he f iﬂr g{h%ﬁ\i%ﬁdéfgﬁe
second tHdBagd | 06 Mbn PLorOLEEL pakhmeté?s and M AYRSWPEddifct for NElow
sequential expiration of the second tine periods of each of the other wells
for storimgthe saiehterhey qEelst N anddi geanoitef dfheoaeguenciaswitfiigd Wohéeh
said second tine periods expired; and 25 ‘means responsive to the
expirat iquanfithneofi rist jecttopegand néqeacbdwdld hrodnget Hchatot 6lowal veFor
open for sinultaneously closing the notor valve of that well, beginning the
sécond texanpkei okh oantabfshere, firddowheney a Iomanassor| ok »fgiven nexpa~
well in sequence 30 having had its second tinE_EerLoq expi re and begi nni ng
its fir$itY nks pheipg. used to sequentially supply inject gas to a plura-

lity of gas injectiqn completions, sucﬁ as those shown in FIG. 1,

it is desirable to utilize the éomp:éssor capacity in the most
\/; efficient manner. Thus, the broad con?ept of the present inven-
10 tiqn includes a controller for linking a plurality of wells and
means for monitoring the Qolume 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 dt
15 not the production flow obtained justified the gquantity of inject
gas necessary to obtain that flow. If no£, the well is shut in
and the injéct.gas capacity utilized to produce a different well
where a greater production efficiency is present. The shut-in
well is re-activated pefiodically' and sampled again to re-
20 evaluate whether or not its_productipn efficiency has increased
to a point whi;h would justify resumption of production. This
approach optimizes the wutilization of available production
resourcés to obtain maximum retﬁrﬁ from a production field.

While particular embodiments of the invention have been

s



2. A systemas set forth in Caim1l wherein said neans for storing
i nchs a keyboard connected to said rf@ﬂpy means and an 35 optical
X for selectively programm ng said nenory -44- with said tine
alues for each of said wells. 3. A systemas set forth in Caim1l
each of said wells is a plunger lift conpletion and includes: -a
nmounted for reciprocating novenent in the 5 tubing of the well;
or sensing when the plunger arrives at its uppernost position in _
gltqt;ibi n%ﬁ and neans responsive to the failure of the plunger of a%‘;
well to ord beetd i t $tupeer 6B6EoR8SidH hiRkRed - 1Q.sel ected fraction
of that well's first tine period for Hcélmos%énbﬁg rf'&‘ger&"gécB\“Pné vieay be
and openfAde: thexebn wald/esoill heerin Welth - B geqyence. 4. A system
as set . forth, in Caim 1 which also incl'uaes: € nmeans f@f the
measur i n§PVEAEL0Ahi nitpieshihe intensaittiate!dis Wﬁdéﬁsgqnzi ve to the
t ubi ng pgﬁéﬁur of a well being greater than a pre-selecte vafte GR¥enhgall
said first tine2nges apd modificantiong. the length thereof for 20
preduction flow froma well; _

10
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neans responsive to the tubing pressure of a well being | ess than a
preysel ected val ue during said second tinme period for extending the |eng
thereof and keeping the well shut in. 25 5. A systemas set forth in
Claim 2 wherein each of said notor valves are operated by a supply of N
pressuri zed gas and which includes: neans responsive to the pressure o
sai d supply gas being bel ow a pre-selected value for closing all notor 30

val ves and providing a visual alarmin sa43-optical display. 6. A system
as set forth b9€§%§|n11 wherei n each of said means for. opening and cl osing
not oF° val ves s: 35 -45- processor neans; peripheral interface

adapt or means}l.a pai sysitesol 290 eenrenhier etot 8 @eratld tyactf ndi bfevenve; 5

a sol enoi d de%@@%&l%ﬁ&“%&@éué%‘&ﬁenwéi‘l&' PESH PRl d1Ntidf aeReadept P cand
sai d sol enoi ds; and data bus neans |nterconnect|ng sai d processor with said

menory and sSPET3APPpheRBl tPAt e @lidapt 8 €3 ;;@Frﬁntt dRSEFPbHRT

t her ebet ween aprddarzhon thﬁepI@pes&ééhtOWSlecorﬁd@ing heasomteirds vared

upon time gerigd Laformel]

ween the tubing and a flow sales line,

system comprising: ' '

selectively programmable memory means;

means for storing in said memory a pair df'signals
associated with each one of said plurality of wells and

10 which are indicative of a first time period during which
the motor valve of that well should be open to permit
production flow from the well and a second time perioa
during which the wmotor valve of that well should be
closed to shut in the well; '

15 means responsive to the beginning of a cycle for
opening the motor valve of the first well in the
plurality of wells from which production flow is to be
permitted and beginning the first time period of the
first well and the second time period of all other wells;

20 means responsive to the sequential expiration of the
second time periods of each of the other wells for
storing in said memory means an indication of the
sequence within which said second time periods expired;

\_~ and . ' .

25 means responsive to the expiration of thé first
time period of each well having the motor valve open for
simultaneously closing the motor valve of that well,
beginning the second time. period of that well, and
opening the motor valve of the next well in sequence

30 having had its second time period expire and beginning
its first time period. o
2. A system as set. forth in Claim 1 wherein said means
for storing includes:

~a keyboard connected to said memory means and aﬁ

35 optical displéy for selectively programming said memory

* [+ L | S *
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stored in the nenory. 7. - A systemas set forth in Caim1l wherein the

Sys Is battery powered and which al so includes: power save circuitry to _
own all analog 15 circuits and all digital functions other than

t ¥ myn nd menory to conserve power; a real tinme clock; and neans

' I ve to regular periodi.cc signals fromthe real time clock or a
shgnal/from sai d keyboard to 20 di sable said power save gating circuitry
upply full operating power to the4ystem 8. A et hod for

control i ”gwibﬁ L] Elﬁugewl% Qfa Y %&9 'éé’c}Pfofid%&{ epL1 pgtrol eum ""‘
production wells, each having a notor valve connecte et ween the tubing
and a 25 fl3w saPeSVSHRM BEmAatsi AGTtEt oMl ngleima Lsevherein Pastogemabl e

mermory a passi@f weilysaks aspaindiead 1 #th W%mfax&alﬂq@iwa&ty of
wel I s and which SI als are i ﬁﬁaltvae of first tlnemo[perlod durlng whi ch
the motor val ve Bf H&Pe\ﬁel"lm‘é‘%o 35 BECbBEHCPGIB& Y eReSthuct® ohPf 1 ow
fromthe Svetibind afsébendetliliye peri od during which the notor val ve of that

wel | shoul d be Chg§ﬁura rShHE?ETn%P?}}VéE}J Itl\.}ﬁp?rihggo uc?ll_:rpi‘()%?vaal ey €; t he

first well in the rom I 'on OWIS 0 be 35
permitted a‘ﬁEIPBéQPﬁhl Hgsf_lﬁéotnl Agy thersieldr |fleJdTg:‘t Hnd '

means responsive to the failure of the plunger of a

~b

o well to arrive at its uppermost position within a pre-

10 selected fraction of that well's fifst time period for
closing the motor valve of the well .and opening the motor
vaive of the next well in sequence. ' . k_)
4, A system as set forth in Claim 1 which also

includes: _ - _
15 means for measuring the tubing pressure of said
- wells;

means responsive to the tubing pressure of a well
being greater than a pre-selected value during said first
time period for extending the 1length . thereof . for

20 production flow from a well;

means responsivé to the tubing pressure of a well
being less than a pre-selected value during said second
time period for extending the length thereof and keeping
the well shut in. _ _ , :

25 5. A system as set forth in Claim 2 wherein each of V
said motor valves are dperated by a supply of pressuriéed
gas and which includes: ' '

means responsive to the pressure of said supply gas
being below a pre-selected value for closing all motor

30 valves and providing a wvisual alarm in said: optiCal
display. _ '

6. A system as set forth in Claim 1 wherein each of
said means for opening and closing motor valves includes:

35

* c. L K s *



-46- first well and thé~second tine period of all other wells in response
to the beginning of a cycle; storing in said nennry'neans an indication q
the sequence within which said second tinme periods expire in 5 respons
the sequential expiration of the second tiwe periods of each of:the other
wel I's; and sinul taneously closing the notor valve of a well, beginnin
second tinme period of that well and opening upon the expiration-of It s\
first tinme period of each well 10 having an open notor val ve,
sinyt;aneously closing the notor valve-4sf- that well, beginning the
second tine period_of that well and opening the notor valve of the next
well of said pIuraPF?y 8F°ﬁePF§“Fn t he sequence of expiration of second
time periods therepéripbergl insemdekedalfepteantmedinsi:ng the cyclic
operation of a plugaphly 8 ddifetlcAts RS SR PEIIUELLBTLIAdh G0t
forth in Claim8§8 ereln said storing step I ncludes: Selectively

pr ogranm ng s&?ﬁvﬁennry with said tine period values for each of said

wel I's by cosnecting aozenokayaeabdetro cOHRING TR e IRV SHIdE PeOipheard1

di splay. .10.- A ne%hod 8 %ontrohlln thele cl.ic opecﬁllon of a plurality
of different PpREFBFBGM PPBAGOEI GRINERIE CiA5H RA% O aim 8 wherein
each of said melIsdhtaah@anmnmn$|ﬁntemnph@aam1mmubamdcprphesssmhmmth

| noludes: 25 said ndREIPr AR | 0d 8 p%ggggﬁemnt £ LPEabRYCLBIbe D LS

t ubi ng of the me sen er arrives at I1ts uppernost
permlt data flow therebetween and enable the processor to

- 10 control the solenoids based upon time period information
. stored in the memory. | '
% 7. A system as set forth in Claim 1 wherein the system
~ is battery powered and which also includes:
power save circuitry to power down all analog
15 circuits and all digital functions other than timing and
memory to conserve power;
a real time clock; and
means responsive to regular periodic sighale from
" the real time clock or a ‘signal from said keyboard to
20 disable said power save gating circuitry and supply full
operatlng power tc the system.
8. A method for controlling the cyclic operation of a
plurality of different petroleum productlon wells,  each
having a motor valve connected between the tubing and a
25 flow sales line, edmprising:' '
storing in a seleetively programmable memory a pair
of signals associated with each one of said plurality of
wells and which signals are indicative of a first time
period during which the motor valve of that well should
30 be open to permit production flow from the well and a
second time period during which the motor valve of that
well should be closed to shut in the well; ' '
opening the motor valve of the first well in the
plurality of wells from which production flow is to be
35 perﬁitted and beginning the first time peried of .the

R ) AR R A
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position in the well tubing; and closing the notor val've of the well and
opening the 30 notor valve of the next well in sequence in response to the
failure of the plunger of a well to arrive at its uppernpst position within ¥
re-selected fraction of that well''s first time period. 11. *A nethod for
rolling the cyclic operation of a 35 plurality of different petroleum -
uction wells as set -47- forth in daim8 which also includes:

ring the tubing pressure of said wells; extending the length of the

gt time period for production flow froma well in response to the tubin
ressure of a well being greater than-e6pre sel ected val ue during said
first tinme pesi g el h nd. t]

keepi ng the%rlr%ql &g(#anéjﬁa t{’lg ser%gghonse [bers]ﬁ%o °¥ u%ﬁgggrggsﬁ'r :rel(lgf a
wel | bei ng Iegsnﬁﬂﬂvnﬁqntpsﬁh%cb%@lwaiue ¢ duciyngesaid second tine

period. 12. A met hqd£Q{g CoRt ré:HJ!d nﬂeﬁgfyqﬂ@an% Oﬂ?rqtn'd(i@a@ o\%%ﬂr%' gy of

di fferent petrol eum production wells as Set Claim9 erein each
of said nDtoFeﬂaqﬂﬁfzﬂ%?%k%rHPéahbiaédsﬁﬁﬁP¢50¢HﬂQ¥£ﬁﬁ}9%ﬂ gEB1&Rd {Bhi ch
15 i ncl udes: relspeinyg ad thé OB eyabreSadn@xpideitdiony o Vi¥slabecond time

periods of each of the other wells; and

simultaneouely closing the motor valve of a well,
beginning the second time period of that well and opening'
'ﬁpon the expiration of its first time period of each well

10 having an open motor valve, simultaneously closing the

motor valve of that well, beginning the second time Ku;

- period of that well and opening the motor valve of the o
next well of said_plurality of wells in the sequence of
expiration of second time_periods thereof.

15 9. A method for controlling the cyclic. operation of a
plurality of different petroleum production wells as set
forth in Claim 8 wherein said storing step includes:

selectively programming said memory with said time
period values for each of said wells by connecting a

20 keyboard to said memory means and an optical display.
©10. A method for controlling the cyclic_operation of a
plurality of different petroleum production wells as set
forth in Claim 8 wherein each of said wells is a plunger
lift completion and which the method includes: '

25 -reciprocating a plunger mounted for movement in the
tubing of the well; _

sensing when the _plunger arrives at its uppermost
.p051tion in the well tubing; and .
c1051ng the motor valve of the well and opening the

30 motor valve of the next well in sequence in response to
the failure of the plunger of a well to_arriVe at its
uppermost position within a pre-selected fraction of that
well's first time period. o _ '
1l. A method for controlling the cyclic operation of a

35 ~ Plurality of different petroleum production wells as set

* ¢ L N S *




alarmin said optical display in response to the pressure of said supply
gas jbei ng bel ow a pre-selected value. 13. A nethod for controlling the
cyclic operation of a 20 plurality of different petrol eum production well
as set forth in Claim8 wherein the steps 6f opening and cl osing notor
val ves includes: providing a processor neans; providing a peripheral

I nterface adaptor neans; 25 providing a pair of sol enoids connecte
to operate each notor val ve; providing a sol enoid decoder connected betweé
sai ¢ peripheral interface adaptor and said sol enoids; and interconnecting
sai d processor with said nenory and 30 sa4d-per|pheral i nterface adaptor

wi th data bus S usi ebetween to enabl e the
processor to coﬂ%ﬁbl %gﬁ%b é%gvgfé%ase 8{ gﬁ% period information
stored in the nennmwasprlngrﬁh¢m¢hb:mgcpnessmrengftaeléyueltsoperat|on of
a 35 plurality of dff&ieMg pehaolféﬂa@{ OGHCIh@N FEILS 3m8ClperiodBrofor Lh

in Claim8 wherein the nmethod steps € battery power mhlc nmet hod

al so incl udes PERMGLAESTYy BSoRkr Seom 8i r"(ﬁ)-llt r¥nt Geﬁ&ﬁé‘tsedoﬁﬂ 4ihe akuPsBY

circuits aqd prdsglisgd talf 4 URIONBeiAgNegredb@p THAAT BY SPE-8BIBEY RO
conserve powe

value during said first time period;
extending the length of the: second time period and
keeping the well shut in in response to the tubing
pressure of a well being less than a pre-selected value
;o 10 during said second time period.
N .12, A method for controlling the cyclic operation of a
| plurality of different petroleum production wells as set
forth in Claim 9 dherein each of said motor valves are
operated by a supply of pressurized gas and which
15 includes:
closing all motor valves and providing a .visual
alarm in said optical display in response to the pressure
of said supply gas being below a pre-selected value.
13. A method for controlling the cyclic operation of a
20 plurality of different petroleum production wells as set
forth in Claim 8 wherein the steps of opening and closing
motor valves includes:
providing a processor means; _
providing a peripheral interface adaptor means;
25 providing a pair of solenoids connected to operate
each motor valve;
providing a solenocid decoder connected between said
peripheral interface adaptor and said solenoids; and
interconnecting said processor with said memory and
30 said peripheral interface adaptor with data bus means and
causing data flow therebetween to enable the processor to
control the solenoids based upon time period information
stored in the memory.
'14. A method for controlling the cyclic operation of a
35 plurality'of different petroleum production wells as set
I

A



providing a real time clock; and disabling said power save gating

circui
regul
key

r
r

[y

and suppl yi ng ful

-48-
forth in Claim’' 8 wherein the method steps employ battery
power and which method also 1nc1udes. ,

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

providing a real time clock; and

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

lo'signal from said keyboard.

. * [ L M S *

operating power to the systemin response to
periodic signals fromthe real tine clock or a 10 signal fromsaid

o



