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pressure, tenperature, hydrocarbon denS|ty and relatlve m xture of gas,
oil and water within the formation. In addition, various

subterranean formations corrpghgk&lgognlbegé Ve %ﬁﬁﬁgconnect ed with one
anot her in an individual an t the production
of hydrocarbon fluids at a certain rate from one area of one

formation will affect the pressures and flows froma different area of an
adj acent Foeld igh.tHertwvengesaral characteristi'cs are, however, common to
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oil and gas welTs. For exanple, during the life of any producing

wel |, the natlirealpresset vbhvenplossuwed atedactenses ystem ghsesel actrbhijublisy
are renoved fromthe formation. As the natural downhole pressure of a
wel | decr eadsolilicnged | pébrel eamdproduicitiionuwedilt lrid,quieise pauthcudaolly, a

and water, which block the flow of the formation gas into the borehole and
reduce théygﬁﬁﬂnfﬁpo¢ﬂﬁqgwptt1ng the operation of the well in order to

Y

optimize the production efficiency from the well.

Each underground hydrocarbon producing formatioh, known as a
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reservoir,_ has its own characteristics with respect to

permeability, porosity, pressure, temperature, hydrocarbon

dehsity and relative mixture of gas, oil and water within the

formation. In addition, various subterranean formations

comprising a reservoir are interconnected with one another iq an

individual and distinct fashion so that the production of

hydrocarbon fluids. at. a cerfain rate from one area of one

formation will affect the pressures and flows from a differenﬁl
area of an adjacent formation.

Certain general characteristics are, however, common to most

0il and gas wells. For example, during the life of any producing
.well, the natural reservoir pressure decreases as gases and

liquids are removed from the formation. As the natural downho;e



from t he well in the case ~of a gas weétl  and conprise the
production fluids thenselves in the case of an oil well. In such wells,
it 'i's also__conventd gnal_, .t eri_odi cal,l I ve the accumul .ated .
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mai ntain reservoir pressure and to cause a flow of fluids fromthe

formati on Weldstheikel Hsboradsa n ceinventd oped wdld s perirasiicalilley amemone the
reservoir pressure has been substantially depleted, two general techniques
are comonPgcydedated])ligyidfer bri Artddd cdal dgkstt i Fechnignes (whigh singiude
goal of these techniques_ is . to bring quaptities of production |iquids to
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clear the Liquids fromthe well .to allow.the free flow of production gas .
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whi\ch collect in the borehole and inhibit the ' _

’ may be nmintain%d by artificial 1lift methods such as downhole
pumps and by gas injection 1lift techniques. In addition, certain
wells are frequently stimulated into increased production by
secqndary ‘recovery techniques such as the injection of 'Qater
and/or gas into the formation to maintain reservoir pressure and

- to cause a flow of fluids from thé formation into the well boré.

In oil and gas wells wherein the ambieﬁt reservoir pressure
has been substantially'-depleted, two generél techniques are
commonly used: (15 plunger lift and (2) gas lift. In oil wells
the goal of these techniqués is to bring quantities of production
liquids, to the surface for collection while.in the case of gas
wells the goal is to clear the 1iquids from the well to allow the
" free flow of'productign gas from the well.

Plunger 1ift production systems include the use of a small

cylindrical plunger which travéls throﬁgh iubing extending from a
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disposed of thereby allowing gas to flow more freely from the
formation into the well bore and be delivered into a gas

distribution system at the surface. In the case of a plunger

. completion gas well,'fhe production system is operated so. that

after the flow of gas from the well has again become restricted
due to the further accumulation of fluids downhole, a valve in

the tubing at the surface of the well is closed so that the

‘plunger falls back down the tubing and is ready to lift another.

load of flulds to the surface upon the reopenlng of the valve.
In the case of a plunger completion oil well, as soon as tﬁ?J

plunger has reached the surface a valve in the tubing at the'_

_wellheadlls'closed so that the plunger also falls back down'fhe

tubing and is ready to lift another load of.production fluids to

the surface upon the accumulation of sufficient downhole casing
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econtrolling the injection of pressuri zﬂ'd gas from a source external
to the well, such as another gas well or a conpressor, into the bor ehol e.
The. i ncreased pressure fromthe injected gas forces accunul ated formation
fluids up praseural toublhft estthendPhynarsndnthel ber diffie B9 ritf e StREequent
fluids gs production flowor to clear the fluids and restore the free flow
of gas andeRPHHing ref ERe ¥3+¥8tion into the well. In wells where |iquid

gas |1t to | mphodeser H EFeomapauctiqn F¥ERE: anaodil A ALY FHalh, for
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val ves are conventionally controlled by timng nechani sns and are '

pr ogr anmeds é fc 86 CREdanGEaveth fpirmaei phe£lal dseser woice nengilndmbiimy whitending
attenpt to determne the length of tinme that a well should either be "shut

in" and reslohgt edefl bomehodw rp geemawe | thpii flubds has sprpdueting fhew axgtte
of time that the well should be "opened” to freely produce. : '
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‘1ift to improve efficiency. Such a system is shown in U.S.
Patent_Né. 4,211,279 issued July 8, 1980 to Kenneth M. Isaaks.

In each of the above cases, there is a _r'equirement fQ_r thc_a
periodic operation of a motor valve at the surface of the
wellhead to control either the flow of liquids and/or gas from
the well or the fllow.of injection gas into the well to assist in

' t.he production of gas and liquids from the well. These motor
valves are conventionally controlled by timing mechanisms and are
programmed '.in -acco'rdance with principles of reservoir engineering -

~which attempt to determine the length of time that a well should
either be "shut in" and restricted from flowing gas or liquid to
the surféce and the length of time that thé well should be
"opened"” to freely produce. Historically, the main criterion
which has been used for the operation of the motor value is

" strictly one of the elapse of a preselected time period. 1In some



For exarrpl e, U S. Patent No. 4,354,524 di%scloses a pneumatic timng system
whi ch’ i nproves the efficiency of using injected gas to-artificially lift
liquids to the well head by neans of the plunger Iift technique. u S .
Patent Mased, 386a54Fetio wBuksh ophremetkrs, dissclhoses paepsuvuant it(enlpierrialtglre,
device for use in timng the intermittent operati.on and/or injection &
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oper at i GOTSHL L QRS in accordance with tinm ng techni ques. Qther systens
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production fromthe well.  Under nost circunmstances, however, the nere
timed i mxodictieom. oper®t$on RAtenti dig.e HoBS5, BdiSuetoo MoRraokesi téler al.

outflow fromthe well or gas injection to the well wll not
discloses ‘a system for éelectronically intermitting the operatlou

of a well in accordance with timing techniques.

Other systems, such as the differential"control' system
ménufactured by Plunger Lift Systems, Inc. of’ Méri_etta, Ohi__o -
serve to dperate a plunger lift domplétion in accordance with a
gating system in which measured values ‘of pressure and fluid
level are compared -with pre-set values. u. s. Patent No.
4,150,‘721 to Norwood discloses a sirﬁilar gas well controller
system .which also utilizes digital logic circuitry gating to
'operat_é a well in response to a timing- counter and certaiﬁ-«
measured well pérameters. U.S. Patent No. 4, 685,522 to Dixon et
al. discloses a micro-processor based well production controller
systém " which monitors external parameters 'of the well and -
cal‘c_ulaf.es values based up'on. an’ algor_ithrﬁ used to describé t_he
performance of the wel.l in order to control production from the

"well.
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continues to change. Simlarly, changes in the pressure of the output
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facility downstream also cause pressure perturbations in the tubing of the
wel | and afipeat the cempaatsohi 3t tiel bl pagemeveks mish tprd+setsundairunfand
the tubing. Oher, nore -‘sophisticated, approaches to well production
opti ni zati evirawen bemlussd. Tors edanplorinagdlyai hegansset Ehs apesépamance
wi th the producing well, such as casing pressure, tubing pressure, flaow
rate and pM&ﬁﬂﬁQﬁ%ﬁkﬁ%ﬁ¢$mﬁfeﬁhﬂ>We¥bv%r%eéﬁfﬁ§EEda§YcﬁtQ#WQ?%ﬁ%ﬁ fArERTS
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continues to change. Similarly, changes in the pressure of the
output line from the well'caueed-by-a compressor or a production '
processing facility downstream, also cause pressure perturbations
in . the .t'ub:i-.ng -of' the well and affect. the rate at which the
plunger will rise to the surface of the tublng |
Other, more soph:.st:.cated, approaches to well productlon
optimization have been used. . For example, certain parameters
associated with the producing well, such as casing pressure,
tubing pressure, flow rate and pressure and oil/water mix, have
— ~ been used as criteria upon which to ;base a decision as to when to
intermittently open or close a well_ or when to.intermittently
inject fluids .into the well to stimulate production of gas and/or
liquide therefrom. - These techniques have also encountered
"certain di.fficult_ies in that the changing parameters of tﬁe -well .

cause the algorithms wused to make the ‘control decisions



when attenpting the efficient intermtting of production flow froma we|k
is that the characteristics of the well itself are extremely changeable .
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period of time w thout sonething in the well changing and -alter

t heory untienl yatgeimpeipgogeReNigrEikgidid usﬁdekﬁiauﬁ@pto@ptﬁﬁﬂd&idﬂon flow
production fromthe well. In addition, the field within which the well
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in the sanme reservoir or repair work on a separator within the gathering
syst em t §xhirestelhechmngeableothdoged canrcuedd dsweldnttionmigiyn varyitag in
and the preselected time periods of a tinmed intermtter will no |onger be
ef fecti vétfo BﬁFifﬁ’FZ‘éf{cﬁe EHAFrRSEREAStics f Pasedheunen| bothmjesterasdor and
be considered i vve eration |§&t hat throughout - the intermtting of a
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fluids f melsWireeht h@:awd %’Eﬁ'xt%lo'l%W LR& have the well operate for :
reasonable period of time w1thout something in the well changlng
and altering the theory underlying the programming being used to
-attempt.optimizing:production from the well. In addition, the
field within which the well is loéated also changes. Frequently
production operations at otheﬁ wells in the same reservoir or
répair work on a separator within the gathering system to which
the well is connected can cause a well to begin to load up aﬁd.
the preselected time .periods of a timed intermitter will ‘no
longer be effective to optimize 1the controlled floﬁ from -thq\
well. o | - - | J
A major factor to be coﬁsidered.in well opération is that
throughout. the intermitting of a-well; the operator should guard
against having the well "load up". This is a condifion in which

so much fluid is accumulated in the well bore that the maximum

casing pressure of which the well is capable is insufficient to

fu-
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I'nterm tting process to begin again. Thus, if the well is not
periodi.cally "shut in" for a | ong enough period of time to allow sufficient
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casing pregsdh@elS tILNLERbYY 8ndi Feal dbUNGldmOReiddhithechengéhl obntl R 1 ivKe
which the well is "shut in" before the surface valve is opened again. Wen

a well igsncephdaiting igteddsst ed, begyinveddaimper ahag, physSi tiwe | yell Siilss not
each well site on a periodic basis and either shuts the well in for a _
pr e-sel ect pdrpedicdldfy t'isteutori wpefsr tdelonygvenatghhpesipfiacd didealicowellow
the well to flow for a pre- selected period of tine. In the
nmechani cal sufified enfpedavebiol ot easiinder BregswEeh&ifl carcuayl ager dit apgderheo -
manual opening and cl osing of the valve by a_tinmed opening and ¢l osi.ng '
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rom the wiRrBurie) PEfnea I\ e razas, [9r D00 ThpbRlul deshl TR Loins
up” and negegsishald Nds alyeNeRANIiyea Chgarichy fundtided be Miaceléhgtheldf time
~ dﬁring which the Qell is "shut in" before the_surface. valvé is
opened again. |
' When a well is  manually intermi’;ted, ~a well operator
physically visits each well site on_$ pe'riodic ba}sis and either
s_huts- the- wel.l in for a pre-sélected period of time or obens the
valve at .the surface and allows the well to flow for a pre-
sélec_:ted period of tiine. In the mechanical timer operated
intermitters, a mechanical device replaces the manual opening and
closing of the valve by a timed opening and closing thereof. The
N\ operator simply se;ects the tin_te period during which the well is
to be shut in and the time period during which the well is to be
allowed to flpw énd the intermitter automatically operates the
valve'.. Expe;ie’nce over many years has shown that with both

manual operation and timer controlled interr_nitters, _operators

generally select time periods which are relatively conservative



back into production again. In additi &, operators tend to be distrustful
of sophisticated electronic well optim zing equi pnent because they know
fromtheir experience even though there may be certain nonitored paraneter’s
.upon whi ebthntresmpddt ngo obptieiskhy the pasddetivphe flow dirmmncehe paehebet s
of the well frequently change and thereby elinminate the accuracy w thw :
whi ch t hehiwehl guaxdsejagpinet atkd. posThbiditHaofutls e@hlnt"rlm;i;:enm wp'skand
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to remain at the bottomonly | ong enough to have the bottom hol e pressure
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surface and conplete a full cycle. Attenpting to cycle the well too
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enough to raise the plunger all the way to the surface and its stopping
its travbeiag swmratedr nedhese porarcurarirs ngnbnadhest @ guskirofiel oadthng
condi tion then reqU|res the well to be again shut in. Failure of the botto
hol e pre§§&rewteé .and the resultant negative reflection on the j
performance by the operator which that brings.
A conservative apprqach to the intérmitting of a well
results in substantial waste of potential production 'capacitj of .
the well. That is, in -the case of a plunger completion oil -well,
the production flow from the well is directly related to the
number of trips which the plungér makes from the bottom of fhe
well to the wellhead in a given' time period. Each time ﬁhé
pl'ungelr cyéles at_nd makes a round trip from thé bottom, it
delivers a slug of fluid as the production output from the well. -
Thus, it 1s deéiréble to allow'the plunger to remain at the
bottom only long enough'to have the bottom hole.pressure build to
a value'suffic:.ent to raise the plunger all the way to the
surface and complete ‘a full cycle. Attempta.ng to cycle the well' :

too quickly results in the bottom hole pressure not bulldlng to a

value large enough to raise the plunger all the way to the



buildto. a’ sufficient value to clear the wifl the second time it is opened
for. flow runs the risk of |loading the well and the required tine and
expense of swabbing the well..before it can be again placed in production.
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the plunger all the way to the surface and y clear the we

again riskg épefead s ribe Welnk @l bhexcessai b88iak RHAUGEL PN fddPMhe
the well until 1t has been cl eared. Because of the changing conditions

wi t hi.n' t he parjdirdd tiwe r aadr exipensiet i srhisdiddetnel el beFaired,itainghn Nbe
the external equipnment connected to the output fromthe well, the rate at
whi ch t he bgatiomgideedrrios praduntiats toward a value which is sufficient to
cycle the plunger continues to vary throughout the Iife of the well. A
control |l er whi cHreomke antbg @falacpbengee cowpbetiont gaghived U hethe uayentity
bei ng repeatedly cycled and attenpts to reduce the off-tinme while still
successf ul I8f ®FAGYRFion 978 pTXRM iRl tich AieRel o dF9d nko pkRauteneghh

(rom the veld - YReorBhy ohi W Ogal bl olb Yy ' ol oBEE S
s condition without closing it in to cycle thg plunger and clear
accumulated fluids from the well to_'al'low the free flow of gas
from the well. Attempting to not leave the well closed for a
‘sufficiently long period to build sufficient bottom hole pressure
to raise the pl_ﬁnger Iall the way to ﬁhe surface and fuliy clear
the well of fluid again risks ioading of fhe well and the

- cessation of prodﬁction from the well until it has been cleared.

Because of the changing conditions within the well, in the
reserlvoir within which the well is located, and in the 'ex'ternal
equipment cor_lne_c_ted to the output from the well, the rate .at
which the bottom hole pressure builds toward a valﬁe which.is
sufficient to cycle the i:lunger continues to vary throughout the
life of the well. A controller which constantly evaluates the

success with which the plunger is being repeatedly cycled and

attempts to redu'ce the. off-time while still successfully cycling



- connect ed to'a pl unger conpl etion vel | Whereby the controller continues - to
reduce by small increnents -on each cycle the tine that the well is shut in
on each cycle in order to nmaximze the nunber of trips that the plunger is
capabl-e of making, for an oil well, ~or to maxinize the gas flow tine ..
period for a gas well, both given the particul ar operating conditionssaf
Phe wel (58 BLUPEPTervoRhS. Cotd, Hasatd | RECLBUEAOR! cheaRiBat HoPechiR 2 6he
~when the off time for the well has been reduced to a value insufficient to
fully cY& &'the pl unger and conpensate by increasing the off time during
the next cychg Jgk)ncigneggggdvahge:ﬂ{%ﬁgﬁ;ﬁgegfkggfgretghegﬁggghgt|%n

of the cycle. e systemo e present nt1on provides su

progra%@%a%%tﬂﬂ&'%orﬁ{%ﬂﬁﬁodf&é Wald  dpitdlonf Ut tdhe motRid Myadtieon

of wel production while guarding against 1oading of the well. The

syst em @brinRRtH¥Esest d npeihiger CoétmpEetiS6A wollUl thakebgPn& atbarTolldler
producing wells, - for exanple, in any well which includes a cycling plunger
such as cgatilnuds coaplreidumes, byl sngdl liddrereriiset bansackeldyclhaving time
fluctuating bottom hole pressures and production flow rates and, in

‘addi t i ofthaftorthehewehl oddi sdudr ignsomebhsh cycfgVNARYOIe THEC| WYEATLON Ahe
object of - the present invention is to provide an electronic .
cont r ol maymbgy @f defiRs sthae Bhe i RhEngeraleyerPablpl afigBprkandt héoxelainhedd
and nnnigﬁrs the tine requjired for the Elunger t o make each particul ar

round t Moo PhetSurtakienize Thiaec HAS of +8Y FeMCoRTRPY EREndesIthe YEitde

durihg @@€ﬁ14¥¥%ﬁy%ﬂeiﬁ%rticular_operating-conditions 0of the well at anxu)
.given fimé. Further, the conﬁroller should recognize when thé
off time for the well has been reduéed to a value insufficient to _
fully cfcle the plungér and compensaté by increasing the off time
during the next cyclé by an incrémental 'vélué ‘sufficient to
ensure the completion of the cycle. The sySfem of the present
_.invention pﬁovidés such a programmable controller and method.of
well control for the optimization of well production whiie.
guérding against lﬁading of the well.
-The system of-the present invention can be used'in'multiplg,m
-~ applications for producing wells, for éXample, in any well whiﬁh
includes a cycling'plungef such as gas lift completions, plunge#
lift completions,-wells having flﬁctﬁating bottom-holé pressureé
and production flow rates and, in addition, for the unioéding.or '

gas wells.
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shut in,"in order to maxin ze the production.fromthe well. Another object
of the present invention is to provide a system which includes a notor

val ve and a programmmbl e el ect r gjyiaGaNtJEO Ik ;Wﬁ(i\ﬁ'lcd%f‘ti nual |y adj ust s

the tiime periods for the. openin r valve for optinum

format{gn fluid xodssféen. ofn enldi thpEseRROt PRGeARL AT 1 BC] EQESPEBQYBQ Ndn
a system which nonitors the arrival of a plunger at the well head i n order

to ensure telactreniel lcomrclllgr | whiehy @80eghs f athd harRliwaderof0 AMkgcding
round trip and thereafter decreases the off tine of the well by a
pre-sel ect ad undare ab dtheenpellbeadamndcymimn ttdes wehé himewiddyud :dd ghdt ythe
shorter off tine period. A still further object of the present invention is
to provi de FAuwgtentahrékenmAdtoreatticwkar vapund srpputrgerthet sumfaws) The
surface and attenpts to increase the length of gas flow time fromthe well
during eaclf AT IR PpFeedbratt Bdchanges vihe ctbne dvainghebhichetppungbt is
arrives on -q_‘g_‘h cycl e. <%’he I nventjon thereby attenpts to allow the well

I

to flow fo HsiYntty PorYer tPPRH P TR ﬂd‘&fi'ﬁ’;‘ént ﬁﬁﬁ?dePF EUeH‘llel
[ le i . i n h ' of _gas _fraomihe well..
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5 sel ect ed quHEHBA NS . whi cBNEcGEOERtall Pe BAHAFRA! LAY PELYLESS for the
met hod for controlling the cyclic operation of a petroleumor gas

opening and closing of the motor wvalve for optimum formation
~ fluid production. In addition, another .obj ect includes providing
a System which monifors- the arrival of a plunger at the wellhead
in order to ensure that the well was shut in long enough for the
plunger to make a round trip and thereafte.r decreases the off
time of the well by a pre-selected wvalue to attempt to again
cycle the well bﬁt with a slightly shorter off time period.

A still further object of the present invention is to
provide. a system' 'which monitors the arrival. of a plungef at the
well surface and attempts to increase the length of gas flow. time
U/ from the well du.ring each cycle by a pre-selected value while

ensuring that the plunger arrives on each cycle. The invention -
thereby attempts to allow the well to flow for a slightly longer |

period during each cycle than during the previous cycle in order

‘to maximize the production of gas from the well.



produci ng well having a notor val ve connledt ed bet ween t.he tubing of ithe-
well and a flow sales line and a plunger 10 nounted for novenent W thin
the tubing of the well fromthe bottomthereof to the well head to carry.
liquids fromthe well to the.flow sales line in response to downhol e casing
pressure when the nmotor valve is open, the nethod conprising: 45
intermtting the &pefnnghand ePdsrhg of . thee PeEsental $BVEAtieBor#ancO with
an off-time periaqd, during which said notor valve is closed to ent flow
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"t he Off’té”?sgie%téﬁpiﬁﬂxﬁmﬁt ected 25 increnental value each tine the

on-time expires prior-to pro.ucfiop of a plunger arrival signal. In a
“further aspect, the Bh8S88petRYeBhbOProsaNt dfventyshPréPidESTH MULNAW
cyclic operation of a petrol eum or gas produci ng well having a notor

val ve connecies behweollife e kgcliid pereitiandf o ptssllas loneand a
pl unger nounted for novenment within the tubing of the well fromthe bottom
t hereof to tpeodaklinkgear:]ltlo hearing |a guotisr f valweheonneeltled: bettwedn dthesal es
line in response to downhol e casing .
tubing of the well and a flow sales line and a plunger.
10 mounted for movement within the tubing of the well from the -k;)
bottom theredf-to the well head to carry liquids from the
:well'to the flow sales line in ;esponse to downhole casing
pressure when: the motor vaiVe_ is oben, the method
comprising: |
15 - intermitting the o?éning and closing of. the motof
valve in accordénce with an off-time pefiod, duriﬁg which
said motor valve is closed to prévent'flow from the well
tubing to the flow sales line;-an'on-time periqd, durihg‘
which.said motor vaive is open to allow floﬁ from the weli
20 tubing to the flow sales line and a plﬁnger arrival signal;
decreasing the_ off-time. by a first pre-selected
incremental value each time a piunger arrival signal is
produced prior to the eXpiratipn of the onétime;_and
increasing the off-time by 'a  second pre-selected
25 incremental value each time the on-time expires prior to
production of a plunger arrival signal. |

- In a further aspect, the present invention prbvides a

system for controlling cyclic operation of a petroleum or



pressute when the nmotor valve is open, the systemconprising: neans
for intermtting the opening and closing of the notor valve in accordance
with an off-tine period, during 10 which said notor valve is closed to
prevent flow fromthe well tubing to the flow sales line, an on-tine
periodyduring which said nmotor value is open to allow flow fromthe well
tubing to the fgasy pa@@gcingewahéi aapmMg@r mataw Fakygrennacted betwieems
-for decreasing the off-ti a first preselected increpgental val ue
each time a pIdﬁy%rt%9¥?@a?st@ﬂéWel% %F@d%c%ﬁ°$r§%4e¥ oL 3P RIEROSF

the on-time; and nean

presel ect ed i ndPRWRHE IE%IDIE&{]&%%?]I g g:f tl“i%%)?% ?Eéoﬁgi‘-iof’f%m the
production of ab£iéwge£%3££b¥ak Eg@ahell ﬁ?a ldd J%%éi&nm: rit operéF?%%eof

present inventioh provides a met for Control I'ing
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between the tu ne and a pl unger nDunted

for novement W'éfléé‘sﬁfé tWheRY ehet hfioWel! faQWed ha Hotduh t haipof dpstdr
wel | head to car l1quids fromthe well to the flow sal es ine in

response to dOV&$ﬁ§ﬁ1§ﬂ§gng pressure when the notor valve is open, the
met hod conprising: selecting a value of off-tinme for the well during
means for intermitting the opening and closing of the

motor valve in accordance with an off-time period, during

W, 10 which said motor valve is closed to prevent flow from the

well tubing fo.the flow sales line, an on-time period,

during which said motor value is open to allow flow from

the well tubing to the flOW' sales line and a plunger
arrival éignal;

15 means for decreasing the off-time by a first
preselected inérémental value each time a plunger arrival
signal is produced prior to the expiration of the on-time;
and

‘means for increasing_'the' off-time by a secbnd

_ 20 preselected incremental value each'time the on-time expires
prior to production of a plunger arrival signal. | |

In a still further aspect, the present invention

provides a method for controlling the cyclic operation of

a petroleum or gas producing well hgying a motor valve

25 connected between the tubing of the well and a flow sales
_line and a plunger mounted-foi movement within the tubing
of the well from the bottom thereof to the wellhéad to

carry liquids from the well to the flow sales line in



whi ch the motor valve is closed and the wel|l is shut-in; selecting a value
of on-time for the well during which the Iftor valve is open and fl uids

pass fromthe well; selecting a value of exhaust-tine for the well during”
whi ch the notor valve is open and the tubing is connected to the flow.sales
line; 10 detecting the arrival of the plunger at the well head;

cyclically i regpdnise i tdwniislhe Ngasilg Choessgrel whes Phie0 motdy &rd e
accordance with the sequential expiration of off-time, on-tinme and

exhaust - t i meisclopeg,n¢hehamertate cdmmtiidiigs he of f-tinme or the 15
exhaust-tinme in response to whether a plunger arrival is detected prior to
t he expiration of seleching ne oralawe hofucffsdiine cfoke e | weddnidurimg of
the well. In accordance with an enbodi ment of this aspect of the invention,
the notor vakhdchs theofwton HE S hfpdrand theawell -isnghygering; the
~motor valve is opened in response to _the expiration of the off-tinme period,
and the oh-ti me pSSEFHRF eh¥ i‘ﬁaBgt-‘-’PTﬁég‘ e??ﬁdtlé?ew%%l'nﬂiﬂﬁ:’étﬂ' R he
notor valve i s _claosed and_the off-tinme period. commencgd in_response to the
first to occﬁieopoithgP Wﬁa%ﬁqﬁqﬁﬂi%ﬂ#ﬁ#igﬁgstE&?%ﬁEf?MEt$%r$%gfbrior to
the plunger arrival, ,Qr .t | Iat] ¢ _5ﬂg%§t L1 [10d.

still further asp%cetl%cﬁt%gﬁp%g}gr#}% %&e-%{ﬁhtgnm%&‘raow esf&af srai;sét)g;n%]?g.rddﬁr?g
controlling {8 chY e’ MAKANLIVETis ofeRChhAl eHE RurAdYy RO UHr¥LUES |

havi ng a notor val ve
to the flow sales line;
10.- detecting the arrivél'of the'pldnger'at the wellhead; v
_cYclicaily intermitting the opening and closing of the
motor valve in accordance with the sequential expiration of
offAtime,.on-timé and exhaust~time;
changing the value of eithér the o.ff-time or the '
15 exhaust-time in response to whether 5.plungér arrival is
detected prior to the_expiration:of the on-timé on each
successive cycle of intermitting:df the well.
In accordance with an embodiment of this aspect of the.
invention, the motor valve is'closed at the.beginning-of ‘;)
20 the off-time period; the motor valve is opened in respoﬁse |
to the expiration of the Off-time'peridd, and fhe on-time
- period and the exhaust-time period are commenced; and the
motor valve'is closed and the off-time périéd'commencéd in
response to the first to occur of either the expiration of
25 the on-time period prior to the plunger arrival or'the
expiration of the exhaust-time period. -
"In a still further aspect; the present invention
provides a system for controlling the cyclic operation of



connected between tubing of the well and a fibow sales |in€ conprising;-
means for detecting the arrival of a plunger at the 5 well head; neans for
storing in a selectively programuabl e nenory signals indicative of a
off-time period during which the well is to be shut-in, a on-tinme period

duringswhich fluids are to be cleared fromthe well and a exhaust ti
peri od% dur Pngp%?%he’glas ors 98° herelrsHkeg t"fFH oAV B the™REPT a’gﬁé@

the fluid | th || |,
and begi nni ng. SHTRGSHEA (HREERR ARG R (e G RICLA GRS GPIPR e,

response to the 12’ |rat|on of said off-time perlod means for begi nni ng
said on-tine per| 5'upo ‘openi ng of said notor valve; neans for - beginning
said exhaust-1ime jeriddol MEESPEIRE tRoSArd sl Wi &fplifigakuagerral
t he wel | head; 20 means for closing the notor valve and beglnnlng t he
of f-tine peglo%érlﬂéggxwwe to the first to occur of either the expiration
of the on-tinme period prior to said arrival of the plunger or the
expiration of the ey formBtBeingdin2® selectivslys grivgraielatis menidry
val ue of the exhaust-tine period by a first preselected increnental value
in response tosﬁgnikyrindﬂcaﬁlv@eoﬁlan@dwﬂmmma perizxpi daring whiche the
on-tine period; and

well is to be shut-in, a on-time period during which fluids

are to be cleared from the well and a exhaust time period

10 during which gas is to be allowed to flow from the well

after the fluids are cleared from the well;
means for closing said motor valve.and beginning said
_off-time'period;”
‘means for opening said motor valve in response to the
15 expiration of said off-time period;
means for beginning said on-time peribd upon opening
of said motor valve;
ﬁeans for beginning said exhausﬁ—time period in
| response to said arrival of the plunger at the wellhead;
-/

20 means for cloSing the motor valve and beginning the
off-time period in response to the first to occur of either
..the expiration of the on-time period prior to said arrival
of the plunger or the expiratiqn "of the exhaust-time
period;
25 means for increasing the value of the exhaust-tinme
period by a first preselected incremental value in response
to said arrival of the pluhger prior to expiration of thé

on-time period; and



means for decreasing the value of the exﬁéust-tine period by a second
presel ected increnmental value in response to the plunger not reaching
the well head prior to expiration of the on-tine period. 5 I n anot her
aspect of the invention, there is provided a systemfor controlling the

cyclic operation O{nﬁgn\%‘gfﬁ@{ 8§EEEQQS lgl f%ggglﬁéf I8t L AR Qe 4e ¢ 1%

connect ed between I ng ant reservolr and a second not or
val ve C_anectﬁgrhsaweﬁg t B welonlubipRe @A PSS 13-kt dl Nfalue in
conprising: selectively programabl e nenmory neans; neans for storing in
sai d menory si88pbfiseN€bCahieV@lohgeronot FeaRdingd the kwad 1Mdad gribssar e

to be cleared fromthe well, a exhaust-time period within which gas flowis -
to 15 be all csggitaeiohhefwehle an-arintcheddiodls are cleared fromthe well
‘and a off-time périod during which the well is to be shut-in; neans

responsi vé to the begannithgrohspeciciod ftle dpwemntgd.onhe thierst irsotporowialed
and beginning the on-tine 20 period; neans responsive to the expiration of
the on-tine plrisyptem SepulcaiamsstingpehenF¥liis sepesrativnoof afvgamd
closing said first potor valve and bggjnnin t he exhaust-tinme period; 25
means responsP’&@dPSlPHews;cgi haripg af %’F%té‘g‘?%t"-acji‘-’r?e Seanestah PewRShy
the ﬁgcgggi ' R6 v 1® A AP 8! 094008 O sdd Mo R 480" & "BRLInGC HRAEE VO

valve COnnected between the well tubing and a gas sales

10 line, comprising: ' : | | - : Q)
_:selecti§elyfprogrammable memory means; |
means for storing in said memory signals indicative of
a on-time peiiod during which fluids are to be cleared from
the_well, a exhaust-time period within which gas flow is to
15 be allowed from the well after the-fluids'afe cleared from.
the well and a off-time period dﬁring which the well is to
be shut-in; -
means responsive to f.he beginning of a cycle for
6pening the first motor valve and beginning the on-time
20 period;
means responsive to the expiration of the on-time
‘period for simultaneously opening.éaid second motor valve .
and closing said first motor valve and beginning the
exhaust-time period; |
25 means responsive to the expiration of the exhausﬁ;tiﬁe
period for closing the second motor valve and beginning the
off-time period;

means responsive to the expiration of the off-time :



period_for reopening the first notor valve and begi nni ng the on-tine
perivbd; neans responsive to the arrival of a plunger at the upper nost
position in the tubing prior to the expiration 5 of the on-tine period for
si mul t aneousl y opening the second notor valve and closing the first notor
val ve %Qd beQ'n@b@idd“fé?“ﬁééﬁeﬁiﬁ& Eﬁé‘@%ré@*ﬁﬁt6§599ﬂ6éYSnHQHé&innin
arrival™ of the plunger at the -upperimost position in the tubing prior to the
expiration of 1@het b -Ainid PoriRyd;od for decreasing the length of the off-
time period on the next subsequent cycle; and neans responsive to the -
failure of the plungmean® afdspensiivd hto upher @Stiviadsidf e pDundert ek he
prior to the expiration of the on-tine period for increasing the length 15
of the of f-tineupperocdlr ipus iticomet shéstgbing pyide. tbnthec exgamad iwint h .
the invention, the on-tine may be equal to the exhaust-tine period. BRIEF
DESCRI PTI ON IOF PiEEthrApRNCime period for simulianepwrlyiqpeiing dhe second
present invention and for further objects and advantages thereof, reference
may now be had BStor yalvengndsgleshnggthecSirsbiohrr readste and beginning .
conj unction mwtﬁ tgg . .
: _ the exhaust-time period;
means responsive to the arrival of the plunger at the
uppermost position in the tubing prior to the expiration of

10  the on-time period for deéreasing_the length of the off-

~ time period dn_the next subsequent cycle; and
| means responsive to the failure of the plunger to
arrive at the uppermost position in the tubing prior to the
expiration of the oﬁ-time period for ihcreasing the length
15 of the off-time period'during the next subsequent cYéle.
In accordance with the invention, the on-time may'be
equal to the exhaust—time periﬁd. |
_131_2_1__}:.:; DESCRIPTION OF THE DRAWING
o/ 20 For further understanding of the present invention and

for further objects and advantages thereof,'reference may

how be had

25



acconpanyi ng ‘drawi ng, in which: FIG 1 I ¢ @ schematic drawing of a.:
plungér lift well conpletion having a pair of notor valves and.
i ncluding a programable el ectronic controller constructed in accordance

Wi th thecpeaghbngsodiotiiaghr aesskiphyent i @akehl Gin 2cbfjansE8ABL LA NI
of a gas injection plunger tift well conpletion having a pair of notor

val ves aadcomphngiing &rpwdgiganiablwhielhect ronic controller constructed in
accordance with the teachings of the present invention; FIG. 3 is a block
di agram of anF&Bect lonige cantschematise drawiong ureh | @n mluhgele TyStemnell
shown in Figs. 1 and 2; FIG 4 is a block diagramof an electronic

control | ePmBiedipA cHAVERG | n WAF t If syt tdwes n Fds.inclyding a
FI GS. 5A, 5B and 5C are each portions qf a schematic diagram of an

el ect r orPECEEATPAPAE: SLEREEOR e F AN LRl SRS SHAFEhd B ARFRTGRAPGMAL ED

shown in_Figs. 3. .FILGS. 6A, 6B and 6C.are each portions of a schematic
diagran1BgeaﬁeaFQ&PﬂgnFELé%Wﬁrﬁﬁqﬁﬁn dﬁg?yﬁﬁfﬁﬁ in accordance with the

present inven%kep af'digho%mﬁkgeg\ggicd';dﬂv&n Aoks aatﬂégpgnhlelc %.to@xa%lfn %%fn"

oper ation of € systemo resent invemnti on w a pl'dnger Co
(t)ihla wel lj 1 Bt Gye14B d St SELBN ﬁé&fﬁ%f&?% 9rt B AReLH i‘}%ﬁ]‘igs tdies Sib_’r?éﬁﬁfﬁg_
present inventionn conjunctioh w a plunger conpletion gas well;
20 FIG a8 dcgramhablle ldledtrdditg EHRLSHLLEES dhs ARSI | Bn  accordance
| with the teachingé of the pfesent invention;

FIG. 3 is a block diagram éf.an electronic controller use&).
.in conjuﬁétion withlthe éyétems shown in'Figs..l and 2;

FIG. 4 is a block diagram'pf_an electronic controller used
in conjunction with the systems shown in Figs. 1 and 2;

FIGS. SA, 5B and 5C are each portions of a schematié'diagram
of an electronic controller consﬁruéted in éccordance with. the
‘invention and Shdwn in Figs. 3{

FIGS. 6A, 6B and 6C are -each portions'of a scheﬁatic diégram
of an electronic;controller constructed in accordance with the
'present-invéntion and shown in Fig{ 4; | L}

'FIG. 7A is a graph illustrafing the operation'of the systemi
of the présent invention with a plungerlcomplefion oil.well;
FIG. 7B is a graph illuStfating the operation of the system

of the present inéention in conjunctioh with a plunger completion

gas well;



. : 20
t-he | ength of the off tinme periods during the operation of a plunger

conpletion oil well by the systemof the present invention, FIG 8B is a
graph illustrating the successive ch es in the length of the flowtinme
e ods duri ng FRE: ot ob% of GFRSPID| BhERE CEDHLRG: FOA GRETRI9L1S, CRangPS: @
of th resent Jinvention; and El A 9B and.9C are flow charts ..

il us?at i E‘Set HED e‘%}grg%m‘gh%p@rf% i%lnm%f pgﬁlgﬁactdraluorﬁin cOREr SiHEHRtIon of a
construct ed, | co i.th the p nt w,NV e} CRLETI OF T
PREFERRED %%%?%/EN%Z%PE%?PEU t"%o%ﬁgt | By e ?KSQF& stol%t oggegupgé%,e_nt
there is shw@n@fohk! ustrative schematic of a plunger lift conpletion well.
The well -includes a borehole 12 extending fromthe surface of the earth 13
down to the prognGi NBHeEDs 0@l Gitart Il buswbr&bing kheed wddds i daibbhahges in
casing 14. "The casing 14 includes perforations 15 in the region of the
produci ng sheatlergtipeofi tthehefidwwtdmeoidedufisordgatngr cimet hepdxatniedn oof a
into the casing 14 lining the borehole 123. The producing strata into :
whi ch the bbuunbeke gompliedionsi 9gsexwedd i byf otived otvsear seofr otheandresent
serves as a pressurized reservoir containing a mxture of gas, oil and
wat er . ThBVeR§iLRg: 1278 preferably perforated al ong the region of the

borehol e containing t prqoduci ng strata in ea-15.in order, .to.allqw fluid
conmmuni cati on bggﬁeengghe %@raﬁﬁganacthérﬁelﬁaow ﬂh§FFan?l&Pﬁﬁﬁﬁqﬁf3H3the

extend; aXb%E%%ag Qﬁtéﬁéééﬁﬁéﬁ'%é-an electronic controller constructed in

accordance with the present invention.

N’

DESCRIPTION OF THE PREFERRED EMBODIMENT

Plunger Lift Completion

Referring first to Figure 1, theﬁe is shown an iilustrﬁtiVe
schematic of-; plunger lift completion well. The well includes a
borehole 12 extending from the surface of the earth 13 down to
the producing geological strata thch is lined with a tubular
casing 14. The caéing 14 includes perforations 15 in the region
of the producing gtrata to permit the flow of oil and/or gas from
the formation into fhe casing 14 lining the borehole 123. The

A producing strata into which the borehole and the casing extend is
formed of .coarse rock and serves #s a pressurized reservoir
containing a mixture of gas, oil and water. The casing 14 is
preferably perforafed along the region of the borehole containing

the producing strata in area 15 in order to allow fluid



: o - : ( , , -
Both the tubing 16 and the casing 14 é’xtend into the borehole 12 .from
a wel |l head 18 | ocated at the surface above the well and which provide -
.support for the string of tubing extending into the casing and closes the ’
open endcommunécagdiong. betwRenstthegstemta upnfg the &eldnds ZaxsE&kipgdooh
the casing and is termnated Qhy a tubing sto 23 and . bunper 3$wting
24. AFPgéPErdéaﬁﬁﬁﬁnﬂﬁuﬁj%aﬁ;yiQPWﬂxﬁqq(ﬁﬂﬁ}Qén¥ﬂﬂ the tubing 16 and is

' df ' he | d,af th ubi h : i ng.
prevented 1 oBeRassLag OULthe |OHEruagd ofe e bl g bV Lhe bnper SPLLZ0
ubr oot g 2ot o " EceLvge LR 200060 KL (he DUIPPELITE: oo
roment Wighy ! BRaPLanGs %A Iatatbdile i PPt L00: ndhexBRBIng

end of e tubing 16 1s connected to-a first flow"T"" 41 and a“first not

val ve 423 heb0 #né owapliensUafdfl |dlick kel tHer Yoddeeh@adb N the acsepagat or tRé.
The first notor valve 42 is actuated by a pair of "on" and "off" sol enoi ds

44 under seefngol ofof tubingel 16 - pHarkmels oaxi@dldlyr obbeh €fe coiddIClaed L8

accordance with the teachings of the present invention. The sol enoi ds
control tkeeminawedf pyessuritaddng r stropgag3supphi ebumparl | sprddgoy 2deans A
not shown. The upper end of the tubing 16 is al so connected to a second

flow " Tregsprocardng Bleerger nBfodlsvRasd ened awhthnpithss rubips 16| asd
line 47. The second, nptor valve 46 is actuated by "on" and "off" L
sol enoi d$S4RTRYENED T BRSLRE r 1FeFRoplopEr ?WG%I%F HHyotuleng by the

understOggmpgga%pf¥égu§%ﬂgn&tghbiﬁg stop 23. The upper end of the tubin&j'
16 is enclosed by a lubricator 29 which receives the plunger 20
when it is in its wuppermost position. The 1ub£icator 29talso
includes a sensor.30 which detects the moment wheh.the plunger",
has arrived at its uppérmost position. | o
The upper end of the tubing 16 is connected to a first flow
npe 41 and a firstgmotor val?e 42 into a low pressure fluid
deiivery line léading to a separator'28  The first motor valvé-
42 is actuated by a pair of "on" and "off" solenoids 44 under-
control of a ‘well production ' controller. 26 constructed inp-
accordance with the teachings of <the present' invention. The
—solenoiaé control the flow of pressurized air or gas supplied via
line 43 by meang:not shown. The upper‘end of the tubihg is'is
also connected to.a secbnd flow "T" 45 through a éecond'motdr

valve 46 to a high pressure gas sales line 47. The second motor



"mpl ement at i on ‘of the invention shown in Fidufe 1 includes two flow "T's 41
and 45 ,and two notor valves 42 and 46, the system nmay al so be operated with

asingle flow"T" and a single notor valve. For exanple, the first flow
TT" 41 andvRilve: 4fotier aqtivate® hpdlenbeandie off'y aPaneidschd wadenseentool
providggan outlet from the well for both liquids as well as

product 1 on®fg&ONtMNIR%r2% in the following description of the
operation of certain.enbpdinents of .the present _controller onl he flow ..
"T" 41 and the ‘iors\y‘aﬁ'\‘ﬂggﬂ 159 b®%np 6‘§eed?sbol°%/‘él+:hﬁt§de 7%‘%889&’ti0 1€
the pl ungen ity SAHY &I 08¢ Ol nlE W Fodtidn %xB%ﬁdirl nFi%%J?é 12 includes two
pre-sel ecté time period during Ich suftfrcrent for I on gas pressure
|'s devel opgq quf thpis 1 Re GRH NP5 14080 +RY Gndtlt PHAEEE 49, andl WY WU dPetem
fluids accunulated within the casing 14, to the surface as soon as the

not or val VeaA2 d1sd NBet WpidihtEA iwi®wesedingies A1igve PR i gdai @ I fSmotor
"off time". After passage of the selected "off tine" period, the cycle is
begun by op&ilivig tlRorDéRamphéyethad. fifdstt Heopl urmyerd 2Gand sfisrdo hdieor valve
surface in response to the accunul ated downhol e casing pressure, the
accunul at edt & lepullsq bel $handndiy watesr presemnt spdt heegl kogar@fidmsan ooutlet
through the flow " T" 41, through the | ow pressure fluid line 43 and into

t he separ atfgtorpg the nwellde £g¥e bOtheLéqvg'éScoﬁ)l &l9ldn SFowRrPAUFEdQRe gas.
is an oil well, the fluid which is carried to the surface by the

pl unger 23qzeo¥ee pridhuditon FAlhRWilem dae aihption wodn the pPeRgacion of

arilyal Se%¥¥£a1n embodiments of the present controller only the flow “"T"

41 and the motor valve 42 will be employed.

0il Well Mode

In operation, the plunger lift complétion of Figure 1 is
"closed in" for a pre-selected time period during which
-sufficient formation gas pressure is deyeloped within the casing
14 to move the plunger 20, along with the fluids accumulated
within the casing 14, to the surface as soon as the motor valve
42 .in the tubing 16 is opened. This time period is known as “off
time". |

After passage of the sélected "off time" period, the cycle
is begun by opening the motor valve 42. As the plunger 20 rises
"to the surface in. responsé to the a.ccumulated downhole casi'ng
pressure, the accumulated f.luids-, oils and/or water carried by
the plunger 20 pass out through the flow "T* 41, through the _low

pressure fluid line 43 and into the separator 28. In the case



30 detects that the plunger 20 has reach&& the surface and is positioned in
the lubricator 29, it provides a signal to the controller 26 which cl oses
the notor valve 42 and ends the cycle. Thereafter, the pl.unger 20 will . °
agai n f avhedé®whheheompdietd one stheWhel b UPAERES pt | hg an gid meé-éar éih‘eorfl-uld
another round trip cycle. The wel|l must now remain "shut in" for a

suffici erpighrib¥ F2¥Fhedt ot IThe t FegfasSs udy withy®i nPLN@9I8Esi R a’estﬁ‘éle

bott om of the borehol e to.i ncregse t at | east cer&al n m ni num val ue This

is so th%’f°%‘éﬁlPﬁe thororExam v ERg Lagai TP opBRe B YPHET e 354 Va)e SensOr
‘ ffici f t t d |

The pr oot BeiRe, Fhatosid 1P iuggémﬁ?@ 0 IOBRER R (G PERRR RN, |
t [ t d t d
he broafersEls ‘3’?53 P, 08, HEEACPaB08 Do ok Whdvs ROl Y ﬁ%productlon

control | @5n2Bot9gs 2@l wnWichNich o i &n¥e IMAicRd valiyd Im"azmerémb €ied e8fc e
signal fromthe plunger arrival sensor 30 indicating that the plunger has

reached thersdttags ame iglyingds iDMesiin &§8ihubal taBein?thd iy rod | €6
recogni zes that the downhol e casing pressure was insufficient to ralse the

plunger ®hé bhmpeaysbpainke %ueﬁﬁc@reqmbeccﬂqﬁ etriotleer atouhd repip cydider
expiration of the selected "on tinme" period, "the controller 26 again
cl oses the noTbe welde mmsendowegqerlrsilahd‘tsrmt of "t fpe persuwkEfairenthepewt ¢d

of a slightly greater duration than the previous off-tinme to ensure t hat
t he pIun@Ert&PPIt@y&#&QﬂKFh%aBﬁeﬁﬁ%r§uV%EBéntﬁEenéﬁﬁHﬂﬁn?QZﬁhﬁaQﬁﬁ%ﬁm of

valve 42 js d.. This operation of the controller will be explained.in
great er BReai o Ue to e rease to at lea ast”'a ®ceftain mn.n)g.Qnum valu U

Thz.s is so that when the motor valve 42 is again reopened, there
will be sufficient pressure differential between the downhele
casing pressx.zre and the‘pressure within the separator 28.'at.t.:he
suf:f-ace_ to cause the-plunge'; 30 to rise all the way to the.
"surface and bring with. it another slug of liquid as productioh
fluids from {:he well. In the event that the well producti'on
controller 26 does not, within a pre-selected "on-time" period,'
detect Ia'siqnal )Erem the plunger .arrival sensor 30 indicating
-that the plunger has reached the surfaee’-anci is positioned in fhe
lubricator 29, the controller recegnizes that the downhole casing
pressure was insgfficient to raise the plunger all t_he way to the.
eurface_'a-nd complete a round-trip.. After expiration of the
selected "on time" period,. the controller -26 -again closes the
motor valve 42 and begins another off-time period for -'the.well of

a siightly greater duration than the previous off-time to ensure



l'n the event that the well production contr¥ti er 26 receives a signal from
the plunger arrival sensor 30 indicating that the plunger 20 has reached
thé. surface, delivered its load of fluid and is position in the |ubricator
29, it agathatl des phengerowild| vacd2 tandalreach helip| augérceo the maxk time
‘the bottom of the tubing 16. = The controller 26 then begins tQ tine the '
of f-ti ME chbee meftqmmevakye KHat 15 mRenste weFRigoRBRERELPRCPE P FIHT IHET
last time the notor, valve 42 was opened, . the controller 26 changes
the | engt h¥ét1it B& SFPLMELRESD M cﬁfeﬁfteﬁéloﬁ%@ﬂ R rease it by a
pre-selected ingcrenental .value. I.n .t;hi.s. . r :
attenpts to caugé‘ S‘ﬁ’r? B e?thfgz ti"c§"ead"zf'|lnl é:'orrr°p“AT,¥"a<;‘%/teloarE P‘g%’?]‘?_ lr]iO%oJ. g{/%l%ge%?ﬁves
in responsg tq g dowphgle pre | £hed ! L 0HEGrt Q0bUiad SHHiinY0 that the
slightly s%orsﬁ'e‘fn%f :‘A@??Jr“ret&?a?a%rﬁér% % e p?ev%ous gycl e. Decr ee;sﬁ%?lg t he

of f-tine peridedf Idenns! lreh@hiddl Scid) suffa6d] 0aalivageaasesi nddde sainpiia
of round- frips which the plunger can nake during a given tinme period. The
control l er ;ng6 s £OPbENYESn G@ tIRCIIAASEL cddr DHf-itmagaliy closexcreremedor
val ue each tinme the well successfully cycles until, eventually, the plunger
20 does notvaQuie 642 eeshal hewpltivegel argew a20 seosoet8Pnand itthe fhotyompef the
position in the lubricator 26. In this way, the controller 26 determ nes

t he absol uttebding nliéa valThe ofééntrablesr 26d thierchoewins r Equltd men ghre pEEnkhbre
maki ng a- conplete round-trip for the particular well conditjons_existent

at that pacsicdd @f pdintvekl thwe simed thoevehl COMPIBFPLY 2BCHES GUERRIthRS

| engt h- - ti i i ¢
t heﬂLenSI htlges tOf ftimteI n%hgerxlnggoi‘o!\lra?]%eng 4 ng‘gl eéSer‘iX&,' € tq'}/e t Q:%n'%lr%'l e 26

changes the length of the off-time period of the well to decrease
it by a pre-selected incremental valué. ~ In this way, the
céntroller 26 attempts to cause the plunger 20 to again complete
a round-trip cycle but in response to a downhoie pressure which
is allowed to bu:i;ld during a slightly shor‘Eer off-time than
during the previéus cycle. Decreasing the off-time period of the
well results in a fractional increase in the number of round-
trips which the. plunger can make during a given time périod. The
controller 26 continues to decrease the o‘ff;time_ by an
incremerited. value each time the well successfully cycles until,
eventually, the plunger 20 does not quite reach the plunger
arrival sensor 30 and its fully up position in the lubricator 26.
In this way, the contro_ller 26 detérmines the absolute minimum

value off-time period which will result in the plunger making a



of the perlod I's only decreased by a ver&sgnall val ue, e.g. 5% Thus, wmhen

the plunger does not quite reach the plunger arrival detector sensor 30
‘within the selected tine-out period- it can be assured that it al npost .
r eached qmld%'@%ctfeﬂmérr&riﬂ’n T | kRGaPEF TSR WeYL aFPRéitinas| |eef&|5d:ent

which it was brin {9 to the surface on that particular cycle. \Wen xehe
wel | [N%ﬁhﬁﬂ??ﬂp Bﬁ tBlpEr POBRGetBcFi™® hat the pl unger 20 mas not driven

b ffi f. d h
conpl etel 'y°'r Fash CheRn) EhcrSar FR0TAT, Bac AL I8 o RRE 1, VL3, g B
O r L TR 9008 EDR1 BEKRGCUCLBaRY oRePLGRIE! B Ml Frlidst e%rqetrmth

durlng succeeding ¢ pl ungér MA be S to take

conpl et g¢ OHHQ beirRod id r‘oﬁigﬁ €¥€9EaEQEt oy cmw oéxhsn 26aﬂet=,ecnasgtwcs%

successi ve cycl s during whi the plunger fails to reach the sensor 30

during tfigud ] Mphaut 4 i Plungét doest lnot naliepsesedée ehb- plumgear iaxtifvan
t he next. cycle to ensure that the plunger will reach the surface on the

very nexdetyctér séhsdr cslucestiine flosssdléctydotimeadungpelrd odelilt dwm g
the process of fine tuning the system for the mninmum off-tinme
necessarasstpedcyblag ittheaphramgereachiide the adevecbper anfon tofust heinloaded
controller in perfo g these functions will be nore fully described

bel ow. esmstwuymleﬁ toShdiied Bd avdder vhdel that Waske RELRIAHED| BRI dihoof

Figure 1 can be operated as a si n% mitor val ve conpleti-on gas well as
descri: be"a“fﬁ%?eaﬁﬁv'éh3§ Eﬁr&"lcu\?v@ eYelen which case.flow "T" 41 and notor

val ve 42 vvoulghbe thﬁa onI lon%sr §§%tn ang

neE8g58Ei096 detects that thku) :

_ plunger 20 was not driven by a sufficient large value of downhole
casing pressure to cause it to completély reach the piunger
arrival sensor 30, it then increases the off-time period for the
ﬁext cyéie by a pre-selected value to ensure that during the nekp
succeeding cycle the plunger will be sure to make a compiete'
round-trip. "In the event that the cOntroller 26 detects two -
successive cycles during which the plunger fa;ls to reach the
sensor 30 during the time-out period, it gréafly increases the
off4time1period for the next cycle to'énsuie that the pluﬁger~
will reach the surface on tﬁe very next cycle. This reéuces the
possibility of. loading the well during the process of fine tuning
the system for the minimum off-time necessary to 'cycle the
plunger._ The detailed operation of the controller in performing

these functions will be more fully described below.



. : ' : b :
gas-would flow to the gas sales |line througlh riser 47a after fluid had been
del.iivered to the separator 28 as described below. In the case that the

pl unger |if |, C etion of Figure 1 is either a one or two notor valve.
conpl et_ionM_ , well is closed in for a selected "off-tine" period
just asytn the j | : : | e | ragi f
the off-tinme of 't %?%P%?%ﬂé%%%g%%geﬁv& * o,g?e F‘ilégjir eéiﬁgfﬁgi(g#rg% ﬁ%?‘%?e 1

val ve 42 i d @ 15t eaPkyRg8le bty (9L t&bbBaplBeio¥Neast Nas
pl unger ar ﬁa\?gleﬂger?gp%r ?%rddeéée]c?s s?h%?'etﬁ'g:pl ungilf go‘ iesppg‘s:il?i o(ra?gg Pﬁelt eals

| ubri cat or @& c@inskd hfustugnelhel a@Uish AT iwshby the RhikGercatl hgsoweem 41
delivered to the separator 28, the controller 26 <closes the first

nmot or val wnd 4Rotandval wel vaneouidy repahe tdrd ysenmswd pedssnty san® gbod@ction
all ow the high pressure formati on gases to pass through the second flow "

T" 45 and @#s t Weuhidghfhoesder etlyas gasl esalémelisg thrfugh zipee- e ezfeer
time period of high pressure production gas flow through the line 47,
referred t flasia afureeri ¢ellvened ske ohilie npeRrratPye246as sdegarhbed obeliovo
shut in the well_and allow the plunger 20 to drop back down the tubing 16

and -t he formati o ghBeprassultdato the RlnngsH & 45 1 o L9MRE $hon of Figure

b t le. . troll 26 detects whether th 20
G iven by UYE6i GRS 19 ARG AhTe BDCaBA caePRLSH BOc RS Wl - t hRe

mot or val v Snf;%%%w PRASL 10 LEREH LA S, ék'%'-t‘lizﬂlé"- ﬁgﬁk%%@g;hé‘tté‘? in the

| ubri cat or a ce a plrunger arrrval sensor sig e a

e Fos G P B PRSI Ao eras Ve sonk! cbusbdion of the
' off-time of the two motor valve gas well of Figure 1, the first
motor vélve 42 is opened to start the plunger 20 up the tubing
. 186. When the plunger arrival 'sensor'-30 detects that.the- plunger
20 is posifioned in the lubricator 29, and the slug of liquid
carried by the plungér 20 has been delivered to the separator 28,
the cont-rolleﬁ 26 .closes the first motor valve 42 and
simultaneously opens the second motor valve 46 to allow the high
pressure formation gases to pass through the second flow "T" 45
and out _the. high pressure gas sales l'ine_47.' After a pre-
selected time period of high pressure production gas flow through
.the line 47, referred to as "e_Xhaust-time, " the second mbtor
valve .46 is again closed to shut in the well and alléw the
iolunger 20 to drop back down the tubing 16 and t.he formation gas

pressure to reaccumulate in the casing for a subsequent cycle.

The controller 26 detects whether the plunger 20 was driven by



period -during which the second notor v L've 46 is allowed to remain opén
for - the next succeeding cycle. The controller thereby attenpts- to
extend the exhaust tinme period during which production gas is allowed ta

flow frouéfeciehtl PN 183GJe SYSLRESIE B¥whRolEha: ALy h pekskhe P WEkiE HeRR
fl ow exhaust time i's increased only slightly, e.g. 5% on each succeeef ng
cycle t moidenpalvé owasaspehaeé ihherdprotoctrieash flkewfullligmupt pesiwtlon inl f
following an on-time period, the controller 26 detects that the plunger
arrival tdensdub3fcradomo9datrstt pdoduceval plungerplannjeral20sensotrs signal
position in the lubricator 29 - within the pre-selected on tine period, it

r ecogni Zssfergit at predesdiesitedc 4t ite's SRR Bl ot doRoRaFBaENCaCEaLFe &YSIEh
val ue during the off-tinebggriod to fully cycle_the plunger when the notor

val ve wdst difenetihe CIRETELhPFORPel NCIBAERENTER pENIRE Sfhdds: erhavisteSidqe

whi ch | d, 1y foll -t h St d re-ent th ff ti i Qd.

The contBEFIRY AWREABAMIED (FBSt ISREGRT | BASOF, YRLT®: Htb nag: SLEeeedi iF
le, th -1 o [ i.gh Ln | t

That iR et rebo ! st CRERRERa LI Tb AL Ln | PO bt

val ue _totﬁé'xhéﬂgc?é(ﬁlt%m he RdINgLEchde +R8Xle xR NEL DT BB rYBHY Bulrd nQP&HEE R
the se I of f e

fol |l owi ng ected val ue of f-tine. In the” event that" the

control | @Fodi¥étioneNgayNt S KD owdECEESI VE1RLS - teirdm PRHeOdS 1Al | @M NGEach
. which the plunger 20 does not reach the plunger arrival. sensor 30 during

the ti mswekepes vedeytbe. | emgehlehgerhadstchel producteore#ied Mxhust time
significant value to ensure that on the very next cycle, "the plunger wll -
reach thes seénsoepaged lonlyhisslightiler,, ¢.h® cdhirohl each succeeding cycle.téui
attempt to maximize the production flow from the well. If |
following an on-time period, the controller 26 detects that fhe
plunger arriVai sensor 30 has not deteéted arrival of the-plunger
20 to its position in the lubricator 2§ within the pre-seleétéd.
on time period, it recognizes that the downhole casing pressure
did not reach-a large enough value du:ing the off-time period to
fully cYcle ﬁhé plunger when the motor val&e was opened. The
controller 26 then- skips the exhaust time period which would
normally follow fhe on time and re-enters thé off time periédi;)
'The'qontroller also modifies the time periods so that the hext
sucdeeding éycle, the exhaust-time period.is decreased slightly
"in length® to épsﬁre that the bofﬁom hole pressure is allowed to
bﬁiid.to a sufficiently large value ﬁo fully cycle'the plﬁnger
the next time the motor valve is opened following the selected

value of off-time. In the event' that +the controller 26



elimnates the pbssibility of | oading the wet¥ due to accumul ation of a
quantity of fluid in excess of that which the maxi mum bottom hole pressure

will al'low the pIunger to lift. Inhthec%escription of %as wel | node
Speration i TPRAUPHRER IIQUNBUCERSEL%e siOFFEime xR IRETie FOL 1oME NG ighigl the
been cfhosen al nst ich the exhaust tine of the well .is.optimzed, lt, .
shoul dtlbe_ Lﬁg'g?%?ﬁo&\,ﬁhh %ﬁ/eg?gt &8 Phe R 1 -pi}lﬁﬁefo&lrﬁlgla- o TS 19 e§uBd 9
the controll [ h o] [ d ng.: Wtk q e,
Lhe controlLey €afel ButhBesnsd, okng! Lotk HRIgknatkond ! s KRUSE L' I o
wel | being gooh{ £l bede @A dd ftoCUHYBId OBnEeT & | BHe"&Xdry OnBk@U & dle, the
there is shown an illustrative schematic of a well equipped with a 'plunger
lift conpl epi@Agett BisuppeaBRNtABYsEaSokNBOCt i OA. thidhRawakk, | REbUEBSt20ller
borehole 12 extending fromthe surface of the earth which is lined with a

t ubul ar casebhfmisatregs whthle ettesgisbilomyt heoSurieadiaepn dioe t el odaakengto
geol ogi cal strata. The casing 14.includes perforations 15 in the region of

t he produciagecunnbebion pdr i tquartitywobf fHusdand/ @xcesis feHnelse which the

formation into the casing |ining the borehole. The casing 14 is
pref erabl y PR¥iBpat battamohglenerpeghsn villhalbovwekbrePéongarniteg liks.
production strata in_area 15 in order to allow fl.uid comuni cation

between the stratB® thfd 44RCTEPIION A0St F3Fg W31 UBPAG PRSHRATSRRs LhiBppybeen
doun L1 cogt0uid: AN 4151509 ARl B2 e St | BA%n Boen
\\) . against which the exhaust time of the:well is optimized. It
' should bé uhderstopd,'however, that the off-time could also be
modified by the controller (as in the case of o0il well mode),
along with exhaust time, to select pairs of time values _to

optimize the production of gas from the well béing controlled.

Gas Lift Completion

Referring next to Figure 2, there is sthn an il;ustrative
schematic of a well equipped with a plunger lift completion with
supplemeﬂtary gas injeétion. The well includes a borehole 12
extending from the surface of the-earth_which is lined with a

« tubular casing 14 and which extends from the surface down tb the
producing_geological strataf The casing 14 includes perf§ratiohs
15 in the region of the produciﬁg strata to permit the flow of
gas and/or oil from the formation into the casing lining the
borehole. The casing 14 is preferably perforated along thel

region of the borehoie containing the production strata in area



whi ch ptovi des support for the string of 2oi ng extending into the casing
and cl oses the open end of the casing 14. The casing 14 is connected to a-
| ine 22 which supplies high pressure gas from an external source such as a
conpr es$ér imoerdeowhp taldeurghfluid r gommonbeatipne b2Svieero thee siisa iy -41d
The first notor valve 25 is ogerat ed between the open and cl osed -condm#i ons
by progkhamssild. wet Istpiegueti HOLRMAL dAniegt@mdsom¥ictliler Agen corlt Fasing.
in accordance with the -teachings of the present invention. The tubing
16 is céfnected to a pr oduction flow line 27, through a second notor valve
32 and to a separator 28...The output . flow fromthe tuping.16 jnto.the,
.production f%&%%li%§e27§P?;8gneg§II§n% n$§?ur%éiﬁniun%#%i%$ﬁﬁﬂé SER a§h9
oil, wa d 1t es, - ' e e 28
O e b epBIA I So b ne ey b ed LeciRY ShepUD LB BoPRE L8
passes e aspidtads SBBpoNorc LRE dRlRS Yot Ordnddy Waliitd ity SYRLEM

The liquids output fromthe separator 28 are directe into a liqu
st or age thes@aklidy 3nd ad1sedsegnenbpeal kbaat iodn /s ii$prsal PiekBawiing

met hods. Pressurized gas is also supplied through a filter 17 and a S
regul at ag 1% f eonneetied pveurntliiosd | g2opdriath noup bl eot bl ghal prsss Aor@ingasd?2
by nmeans of sol enoids 31. The string of tubing 16 extends axially down

t he casifwgmarach i externdhaseurpg auchbiasg astagrmesanr al bowmpehowpli khrngh
A reciprocating plunger 20 is positioned within the tubing 16 and is .
prevent &d fixsh FeSQmF e tdr IRt 3T rAel 4ubi FoebfLERE BARPEr V3pVENg
24 and B%bigg Séggrggéd' éé ggégr éﬁgﬁ éggﬂwnéﬁhs closed conditions by é;)
programmable well production- intermitter/controiler. 26
coﬁstructed in 'accoirdaﬁce with the teat:hings of the 'preserl1t
. invention. The tubing 16 is connected.to % production flow line
27, through a second motor valve 32 and'to a separator 28. The
‘output . flow from the tubing 16 into the pfoduction flow line 27
is. generally a mixture of both liquids, such as oil, water,
condensates, and gases and is directed through the'separator'za
which effects Eheﬁphysical separafion of the ligquids from the
gases and passes the gas into a sales liné 32 for delivery to i;)
gas .gathering system. The liquids output from the separatof_zs'
are directed into a liquid storage reservoir 36 for subsequent
coilection“and/or'disposal by known methods. Pressurized gas is
‘also supplied through a filter 17 and a regulatdr 19 for use in

pneumatically operating the motor valves 25 and 32 by means of

'solenoids 31.
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|-ocat ed between the tubing and casing near the |ower end of the tub+;ng~t/o/
cl ose the casing and allow pressure to be built up fromthe injection of

gas. i nto the weldpe e MPPSE Eﬁglﬁ§ ﬁ@eeﬁﬁgaﬁg %@f&ify(aﬁwht%h@'ca51?g énd

I'ubri‘cator 29 which receives the plinger. 2 en It 1s’ini1ts uppernos
posm%h isThee fiiDhb €88 0Mby2% aluDindC! 185 23S UIRDT a3Guberh Qﬁifﬁés 2when 5
the pl dnhger 20 has arrived at its uppernost position and produces ah out put
signal to teeigomtcatlirey @Huhgelicavi ig P TiNed . wiBhingahe RAingYE €aha
of the type shown in Figure 2, it is desirable to conserve gas and inject
only as nudls gaeventadhftore nﬁassingmbot thevéoReraends afedilie ethbingye the
t he plunger 20 up the tubing 16 and eject the accumulated fluids fromthe .
wel |t hroudmReE seeBhad mdlorandil YebiBg. stopn 2he everpacker thotgashdwd) is

conpletion_of Figure 2 is an oil well, the controller operates so that once
t he pl ungell°§’(§‘l betvesn ¢ hber Itlll‘lbdéigt #ncheeagirhcrearhshei Aowedptend \ef vehe
25 is again cl.osed to .allow.the o return to the bottom of_ the

tubing 16 f d‘r? V¥1’h % 9 "t t"’}fé sadrlf%{’(:ep’é?&?‘ﬂ’é?l‘?/%rb?)rla%’h% from

fluids thergy tif}ggaugne §8sgayhereot beopraduct i gn completion of Flowre 2, o

Is an oil S soon as tnhe plunger as rea

tubing 16 g ef £cliia@sackymyl atgo fééﬂcﬂ.s 5 B.len‘éf%% eived hﬁ:ggg%f&ﬁ;er 20

second notor valve 32, the first valve-iIs c ose € secon

al 'owed t owhemRi Nt 0p@N {01 j@sPruprFatmsd€©dpbs PRi BRI | 00rd PLBSHChERR fﬂg)"\élso
fromthe cleared well. VWen the well has been closed for a sufficient

period of tima udesdewel spnaockor 3wt v qif edetteets | WHEhdSthav Idludee 20 has
acaupul ated within the -
arrived at its uppermost p051tlon and produces an output signal
~to the controller 26 indicating the arrival. | |
In a gas_injéct systeﬁ of the type shown in Figure 2, it is
desirable tb conéerve gas and inject only as much gas through_the
first motor valve 25 as'is required to move the plunger 20 up the
tﬁbinq 16 and.ejegt.the accumulated fluids from the well thrbugh
the second motor wvalve 32, In the event that the gas 1lift
¢ompletion of Figu;e 2 is an oil well{'the controller operates so
that once the pluﬁger 20 has Lifted the fluids to the surface,
LJ '~ the first motor valve 25 is again closed to allow the plunger to
return to.the bottém of the tubing 16 for making another trip to
the surface and deliver production-flﬁids therewith.
In the case where the production completion of Figure 2 is

an oil well, as soon as the plunger 20 has_reéched the surface of

the tubing 16 to eject the accumulated fluids from the well



casing 14, in the region of the perforat Fons 15 adj acent the producing’
formati on. These formation fluids restrict the flow of gases fromthe
formation into the casing so they are renoved at the begi nning of a

product kaRotiy® endiaeddid hbetoki val vand2seamd My Wﬂ\V@SJ.§5cEG§ie§2'§ﬁ&e
- opened si mul taneously. The first notor valve 25 is opened by neans ®f
"on" sokfeoiskdiind ovahyeciald oWedy 6 hewmaipr epenr €oyasa f ot § ke €é®r Bokhe
source into the casing 16 and raise the pressure therein. = The second

nmot or  vapkwdod2 of ppededtibso ywhefarem ofhe tbdaared| eedild 3When opke whil
upper end of the tubing production flow line 27 and cause the plunger 20 to
move uphasd Beant inkoaate £oBi iy SNEIBCLEGtal RAELORt T ttimR §oarfievsian a
_fornatlon fluids which have accumylated within the casing in_the region of

the prodQ&MaGirdy mRECSS Uas quitdgubASughtito RRBe s AIERHIRE e HHthiger the
fl t th th d t | 32 dgh d | | i 27
nto LhEREARE atdr 30 FOR ARTVETR Gifal CPasRERFOTAHISTR (A gorsdaqans Ene
| o2 d
o bosi DRSANFIHY AR D, (BRGRe ThoRRRs] 6ACEEG: BRT rg%?f%?rtf var' EbRiet™

si gnal gAsteQeofPﬂﬁrEhleerfo%ﬁran'd}; rﬁ%&’?“@ﬁet 9a§§3ﬁgp|s‘819§{ef‘r££é/ al:eﬁb@@&' a0’

in response t e passage of a pre-selected tiné-out period in the event

the pl uRger Beg$ni@hg o082 &r glr\sa,udmloshedyélbaw fioitsl , the KoY obhar
26 operates the "off solenoid 31 of the first notor valve 25 to close the
val ve aB@c®ind) ®eSoinjvaxiiviesn. 25harsecdnd axmet ospeatde sihultaaldowsad,.t 0 The

remain open for a pre- progranned time period to permt the flow
~first motor valve 25 is opened by means of “"on" solenoid 31 téhj_'
inject a flow of high pressure gas from the external source into
the caéing 16 and raise the pressure therein. The second motérj
valve 32 is opened élso by means of a “dn" solenoid 31 to open
the upper end of the'tubing production flow line 27 apd cause the
plunger 20 to move upwardly witbin the tubing and bring along
with it the quantity of;formation fluids théh.haVe accumulated"
within the casing in the region of the préducing formation.
Liquids bréught to the surface by the plunger 20 flow out throﬁgh
the second motor valve 32 and the productlon flow line 27 lntﬁu)
the separator 28 in a conventional fashlon The plunger arrival
sensor 30 detects when the plunger 20 has reached the top of the
tubing and is positioned. iq the lubricator 29 and produces a
plunger arrival output signal to the cdntrolle: 26.- In response
to the plunger akrival signal; or in response to the_passage of a

pre-selected time-out period in the event the plunger does not



of production gas fromthe formation. Aft e the set tine period,'the second
nofor valve 32 is closed to permt the plunger 20 to fall back down the
tubing string 16 and reposition itself at the bunper spring 24 for a

- subsequent 5¢-Ei Ret 0 WiV ACRapPe RYAEN rERP! Y He o el & ed6 Popdialiien the
fluidsyffromthe well. The controller 26 can be operated to optimze both

the productpes:f selehide avdl @ #wd | £86st heotbk| vadteor50toi s egaheusedl ve
to stinmulate and control production fromthe well, This is done in the
sane way pandustioph gas dpijentzissh.i n The pécogérmbibt eedweetdi2on sdeddravwedd to
above in connection with Figure 1. Referring nowto Figure 3, there is
shown a bl sekadnagren ofon waeldrepmorhanammed driine| period thi perail dhleedilow
the operation of the well conpletions illustrated in Figures 1 and 2.
The ci r cui ofy PrREMGFES T GRSc TR ddes fFarmatipn.vef ifie s oG rting BRrigh
connected via a nmultipl exed dat a/ address s 53 to a nenppr

. 54 d
depultiSIe%Pﬁgﬂ%QQﬂ?Eﬂ9t°qh§abY8cé§s&F §%$%£9\&ﬁIP%Emehgpepng@§35r§° to
referr t ' i f ly.of t ! "ot . I
5 BT G LR e LTR o Sell  BRYE o

as- per td Iy | T ) = i I :
Chrough an et JErieees Yor'If BLEEGOREREPIISL o\ End S0-EaRRCESBoain

peripheral ogde¢9dehedd RAfnA 4188 JrdBiIdiUK A%iad Hddh Yghd heerl. 33

m cro-processor 51 is connected over the bus 53 to a peripherial interface
adapter (PIA) 6fnelhgoRerbplieral 26 ntedd age agperetedl ts optiedized both the

retﬁLVe production from the well as well as the uﬁilization of input gas
| used to stimulate and control production from the well. This is .
done 'in the same way production is optimized in thg plunge: lift
completion described above in qonnection with Figure 1.

| - Referring now to Figure 3, there ié shown ‘a block diagram of
a well production controller 26 which can effect the operation of
the well completions illustrated in Figures i and 2. Tﬁe
circuitry includes a micro-processor 51 driven by a clock driver
52 énd connected via a :multiplexe@ data/address bus 53 to a
memory 54 and a demultiplexing latch 55  The processor 51, aé
well as other processors referred to herein, is preferably of the
*CMOS" type and, by way example oniy, a National Semiconductor
model NSC-800N-1 CMOS micro-processor has ~‘performed
satisfactorily. The micro-processor 51 is also connected through
an adaress-bus 56 and a memory decoder 57 Fo the memory 54 and to

a'peripheral decoder 58 and a real time clock. 59. Finally, the



I nput fr.om a-plunger arrival sensor 30 ¥¥Figs. 1 and 2) through an
operational anplifier 62 and froman air pressure fail sensor through an
associ ated anplifier 63. A high tubing pressure Ilimt sensor provides a .

or o- col AN RfIEGpoF L S1° 1, CORRSEER NRr AT DoTUEE & PR

t hrough gl £4 68 Q&abeeyhgpganglghe tubi ng pressure drops bel ow a
pre-sel ected val ue. In addition, since only battery power is avail able

in the renot erpé eperiBaeealUGhtri08 adLpt®@st 60f LEN chanalcedqa tthe raedismg
is provided with a |ow battery voltage detector and .a battery voltage
fail ure idepeet Drombawpl ahgprogrdevailnkengairi G0 t(igegh it lEnd )i rarcalgh an
interface.adaptor 61 to the rest of the system The peripheral interface
adapt or dderstionakctambltiof it ude andpaifronf amwt 8irvanassume nfaht cfensor
pair of solenoids, one for "on" and one for "off" in each of the sol enoids
pai rs 67chreuES. apnagdaréaseds paplifdd eFedidphePahiigh &SUARY RRFRSHrBRLIM L -
passed t hrough a decaoder 71 to gne or the other of a pair of. sol enoid
drivers 2SR PFONFCSSeshebiBPelondtr B9 hé‘“ﬂi%é?e%ﬁ/“e ) ERBi §VERt SRy

~and 68. h Lti-vib 74 sel he time period dyrj i ch
2'si onal TRE BT BPREE s (SRR FrarBalacte T BRI BCR do il

Fi gure ff%x.a%%ée)ujsgds;%f%o 't g%a,%@rsd Z%Eggraghecma h?%mga!%tfiiglre & ognanging

data in nmeno rough a key- encode the bus system

77 HyéntMehbl _-&It?irr?g:t?feseekécalrop@! W13 BprePssistbhy vafiukhe 1n
liquid crystal display LCD) type, 1is provided for operator S
' addition, since only battery power is available in the rgmoté‘i

a;eés whefe.such systems are most often located, the system is
provided with- a low batte;y ;voltage detector and a battery .

voltage failure detector 66 whiéh provides information through

the peripheral interfaée adaptor 61 to the rest of the system,

The peripheral interface adaptor 61 is connectéd to actuaté

a pair of motor valves by means of a pair.of solenoids, one for

noﬁ" and one for "bff* iﬁ each of the solenoids pairé 67 and 68.

Ah address from the péripheral interféce adaptor 61 is paésed
“through a'decoder 71 to one or the other of a pair of sOlehoiQ;)

drivers 72 aﬁd 73lfor respedtive'ones of the motor valve solenoid

pairé Gf'and 68. A one shot multi-vibrator 74 selects the time

period duéing which a signal is supplied.to the solenoid drivers.

lThe well coﬁtroller-system-of Figure 3 also inc;udes a key-board

75 for the entry of multiple programming'data into the memor? 54

through a key-board encoder 76 and the bus system 77.
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observation of information as it is programmed into the systemas well as
vari ous paraneters and items of data which can be nonitored during
t.he Qperatlon o addi ti t.he .d des, . a visua

al arm upon nal f ncr?"%o Sél'?%\%??te’gs R aIOln lqdlsc?:}ﬁyo égy'-pﬁg’gﬁ#%’éﬁﬂyf th:
I I d I / d t

Lba ot i dard) et AL S oty | o8 0L EF Baghdda Veaf® peaYd

embodi m%‘ntoﬁéewstﬂbﬁpbeylKﬁorﬁaeboﬁhagaskeis QoG!ctaRﬁEdb@nftBetRH”E k8n0ad

or the letters HE, L or P. | oss of solenoid gll‘ supply pressure e?gec ts

closure ofygll &y orvadd y@s %dn&ﬁ@@mdd& | Riewdt ed£byasbg i Oat QR  pe
HELP then the nuneral 1; a low battery alarmis indicated by the display

whi ch al t enomliebyed| daltenga tHankpeiaploy afidthie sGigrdernlt tineadaieisni ene
and a |ow battery effects closure of all notor valves and is shown by HELP
2. The st&isslaprtpwoviddes ha dviphay 78barm ndipcat emalliencthdnt i @ ofelitheas
cycle of operation of the circuit as either ON TIME-P; OFF-TIME- E;

EXHAUST- TI v val od niNgECTonsVRH bW | batherveveliiagy tande & sbshbenyafdilure
decrenented in hours, mnutes and seconds in display section 78b, 78c and
78d, respef®RdLEionThe TRIcdbFPLBEr S orF ofriven cEREPEEReR iRRighoRf Rhsplay

t 78 1 f de A I | | de B I
and 0 Tor SEhEees ATomrd g o “m%v%%q%é%ﬁ%i "RReaeRbRALehE of
pover savethhr SRPLRE i ciAhh AR ot Trentgbg) ?ﬁ%%%‘??ﬁ%?g "0%9 ox

functions exgeptrtBoge m%C%SSC% ypto BB 063 AT dhdi | 41 L NELBEEYT H2REELEE

ei hNbér the passage of a’'sélected
effects closure of all motor valves and is visually indicated by

the indication HELP then the. numeral-l; a low battery alarm is
indicated by the dlsplay which alternately £flashes a blank
display: and the current time information; and a low battery
effects closure of all motor valves and is shown by HELP 2. The
status portion of the display 78a, indicates the condition of the
| cycle of operetion of the circuit as either ON TIME-P; OFF-TIME-
E; EXHAUST-TIME-L; or INJECT-TIME-H while the remaining time is |
shown and decremented'in hours, minutes and seccnds in display.
secticn 78b, 78¢ and 784, respectively. The mode of operation of
the controller is shown in section 78e: 1 for mode A (oil well
mode); 2 for mode B (gas well mode); and O for mode C (a straight

tiﬁing operation with no optimization). |
To provide ﬁaximum battery life in remote locations, the

system includes a power save circuit 83 which operates to power
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time period or the receipt of an input Signal fromthe key-board 75. In.the
opération of the systemof Figure 3 in the oil well npde as descri bed above.
in connection with Figure 1, ro%ranm' ng entries are made by first L
depr essi AG¥Pr SdrlarPRRYSIRAT r‘rg‘&é REPS7HXCARF t HRPRaf REFCEREINURS ataiintain

sel ect npde A (oil 2 to select, node B (gas wel | node). Fag

| ]. nod ' '
‘exanpl e, m?8‘°5¥0d¥%ﬁ%\,}§ %ggog{%&}%é]egﬁeoﬁa h%"ﬁ%ﬁ:}ﬁh? kggS?elgeika i¥ stelected
. ] | _t1 ) g
AR ) ST e L U B s T O SR

notor vahye is to be opened in the event that the controller does not
receive a signal indicative of plunger arrival. = Next, the program key 75a

i s depressed agaithd Wpeweeh by bbetabl shistRikeyt TBegard BURRS %h&%ﬁ Wob £
are sequentially activated so that a second tine is entered into the nenory
whi ch i smbadi @at ides ofibed® abobveaint corndeting wiitdh Hifudd st pRboFamml NG
shoul d be cl osed and the well shut-in. Each of the progranm ng paraneters
are di speagsdiesn atre h@ledikgpl &yr¥8 dsptrkepiage pxderad key o 75_NDMoAr Kegh
key-board 75. A node B gas well operation is simlarly programed with the
on-ti me 78PopeR thermafserihe numeral (13 tarmelaat thode A n(oilke weskhimode)
pl unger doeg not arrive by then), and EXHAUST-TI ME during which the second
mot or vaP¥e?r ERafR oG mos & |ERs ekl a0dflodudien P¥amml ©f HRPTOTRR he

wel |, be}‘ngrag the second motor valve is, clogsed and the initial off-time

peri od Gr Pn @RI EH Yot RO bPITARyEEY af @3¢ 8s &d T8t AFRFSRA IS refet ofded

ShUt-;in'by the on-time key 75¢ and then numeral keys to program intd.thgu)
memory 54 a time indicative of the ﬁime period during which the
motor valve is to be opened-in the event that the controller does
not receive a signal'indicative of plunger arrival. Next, the

| progfam key 75a is depressed again followed by the bff-time key
75e and numeral keys which are sequéntialiy aétivated so that a
second time is entered into the memory which is indicati§e of the
initial time during which the first motor Qalve should be closed
and the well shut-in. -EachIOf the.p;ogramminé parameters aré_
displayed in the LCD display 78 as they are entered into memory -
through key-board 75. A mode B gas well operation is similarly
programmed With the onftime to open the'firsﬁ-motor valve (a
"maximum -time" in the évent the plunger does not arrive by then),
and EXHAUST-TIME during'which the second motor valve remains open
to.allow the free prodﬁqtion‘flow of gaS'from thé well, before

the second motor valve is closed and the initial off-time period



Once the systemis started by depressing Ble RUN key 75f, in node A for
exanpl e, the micro-processor 51 controls operation of the systemto provide
signals to the peripheral interface adapter 61, decoder 71, and one shot

mul ti - vi brénoing 4whé cin&aftly empher nyedvegal axe sol efsfd a0 P ofeh! t femains
tubi ngxa@t the wellhead. As soon as the controller receives a signal from

t he pl uhgethe®t#®8al sensor through the operational anplifier 62, the

flip-fl 60 and th i ph | i f , ' -
”p Eﬁe {if‘;‘qn%%?a S\ Voot 8nFa=89: BYcReBE= 5 BRuEREn AL KR! P3dn o
all ow the n t t t he b '
1V LN RRMTOET A% (St 4.0 UOF BELETRRLeAgNekl LohesRNcbEdgachon of
remalns ShH*‘!Q s ?hst8f£’5bﬂ§ SQQ#hngeta Qh@iBHQE?Be@QQUEnQQQEQ%Efé@%ﬂ%er
to-allow su ?lCYen trme for tﬁe pfunger to return fromthe well head to't he

~bottom of EDe kg M1t hgnaide shodhfulRELk@BratdirClva i6o bRbEG2ELY the
selected for programmng of the off-tine wll be a function of

observed chgtast Qaisbi 6oledbidt Bg awd lopdrefthie tubthgl 48t the wellhebd. As
controller. For exanple, whéen the well is initially shut in for the

i nstal | ati oa0af asheheoobnbkkbtlext recehseal kess gnall d robs &hee plvagest @rxival
whi ch the casing pressure builds when the well is shut in and fromthat
obser vat i omensekethraughnshgeppedatdonad ampPdhfiproblexfae &Ade-flmp 60 and
operator is confident that sufficient casingEPre35ure will accunulate to
cycl e the phangerighesinl nbnbeptace 20REERET 16 landthe sMbFEPSPFAGeSSOr causes

characteristics. 37 Once the contro
fOK~/-the the first motor wvalve solengi Sth%i%§§ 'éysﬁXELEH Eg%\%gfl

and allow the plunger to return to the bottom of the well fbr
recycling. At this time, the second off-time period is begun
during which the well remains shut-in. This off-time should be a
minimum of about one half hour to allow sufficient time for the
plunger to return from the wellhead to ;he bottom of the tubing
in the well. The period which is initially selected for
programming of the off-time will be a function of obse;ved
characteristics.,of the well before installation of the
cont;ollér. For éxample, when the well is initially shut in for
.the installation of the controller, the installers would observe
the rate at which'the casinq pressure.builds when the well is
'shut in and from that obser&étibn,'select a time period during
which, from'experience, the opérator_is confident that sufficient
casing preésure will accumulate_to cfcle the.plunger given the

"depth of the well and its operating characteristics.



first time with the pre-selected initiaBpff-time, during the next cycle
the off-tinme is decreased by a pre-selected "delta tine" to attenpt to-:
cycle the well with an off-tine of slightly I ess duration. If this.

or cssure o PR the PRI, e PRCUERE RALRy UL Gh Rhe BURYT B SR L

pressure to ral se pl Unger a he way

agai n degreased; nbY wikn dehba pid WerectedNihi t3QAUCHEE i fie,  CASALES Lo
gradual 'y locate the mninumoff-time for the current operating condlitions

of the walde byyatrhi edgokhetshat 6id NnauBirelsele W} UBIGr&l0As] s@tedlUr BB ta
reach the plunger arrival detector and the m cro-processor 51 does not '
recei ve tani"gned &atoemphe tperdydiss athé nwellace thadaptef£-Gilme bBeslightly
flip-flop 60 and the operational anplifier 62 indicative of plunger
arrival lasst hawtatioer pri ol ft o thie exqfif-dtiimen ofs t hegaibnt | secpessddl at
initially selected as the maxi.mumtinme-out period allowed in the event the
pl unger agicemupiatimg veuffhsdenthedpvohgte MASIRG | dFeSsvHS | 0 bedige the
time-out on a particular cycle, the nicro-grocessor 61 then automatically

‘cl oses PHIAGESt 3ddt otNPal Y8Yan8OadFhet sSYREAGE: - tFRR RIT TR ilfcr 8584 T ¢
lightly b -sel ect t t t, ' le th

esil 1 BEAHRERAN RSl apr COELFE  KUPR bul M8y BOBROYE) | bt ISPHI s8R
Off - ti ”%r%%rda‘iﬁy I Dol lEe SR ﬁi%ﬁn?t S&Léiﬁg.e’%oif”cﬁ% Sé\‘,ﬂl:l:ééngy%%%g.-a%%ga
pl unger *arrival “signal I's recelrve romoperational anplifrer 62 before

ti me- oUls i3IS AEX o €Y Ehe, B81COBY T Aldiple iRy N eBid CORLE S 01 AeGhpiie e

off-tinme period by a delta-tine. n this way the controller functions -

‘to  mai ainged AN A quded aP6€ch Obhe CHNLhGHENErri@al detector and the
micro-processor 51 does not:receive a signal from the peripheral
iﬁterface adapter 61, the flip-flop 60 and the operational
amplifier 62 indicative of plunger arrival at the surface prior'
to the expiration of the on-time ﬁeriod ihitially selected as the
maximum time-out period allowed in the event the plunger did not
arrive. Once the plunger has failed to arrive before time-oﬁt on
a particular cycle, the micro—processbr 61 then .automatically
closes the first motor valve and adjusts the off-time period-to.
increase it slightly by a pre-selected vaiue to attempt to-agaiq;)
cycle the plunger as a resuit of fhe downhole pressure having
'build-up over a slight;y increased off-time period. Iﬁ the event i
the system is then successfully cycled aﬁd a plunger arrival
signal is recéiVed f;om'opérational amplifier 62 befofe.time—out'
on the next cycle, the controller again_attempts.tb decrease the

off-time period by a delta-time. In this' way the controller



decrease the off-tinme period to the very m nid¥um al | owabl e for cycling of
the plunger. It shoul d be noted that the delta tinmes by which the off-tine
i s decreased on each cycle are relatively small so that in the event the

pl under doefummtiemspl eoel paidhshnt he prangtentr r brdpnsensef, rcengaaupag to
confidemt that it very nearly reached the sensor and, as a result., un]oaded

it st oy A st
{ﬁgc heg[lgﬁt s‘ijffgc%g dE sthst P&Pé‘@_teé'a St i%’t&‘ﬂrd{ ke O]POT'%ngﬂggt ﬁée\_l\éﬁl.tal b meé
n having (6 BRaRBerne 19vE Bt Enboe BPEee oty Pheat il sPeFEcate Fedy BTy
{he pre- ool SRt Eh PPrEnbly LG o [Phe CRRM Ao fMne ROk CBRptestiy 3aon

the of f-{imgndo Qilirgifl | Xxougpaniagnd Al Lhe LAINGRr ybdtidust e bt hpevaiaey
-next ‘tinme pertod to elimnate the danger of |oading the system from

i nadequat e pifsi{ MmNl €nbUidddslli 4Rdf hasev@nieshat, t henlsysd«dn the vast
operating in the node B configuration whereby the gas well node is desired,
the key-boakgidbitg used dhe sebed EROGRAMA MBBEchantitt heas nemeraing ahd, the
thereafter, programthe "exhaust-tine" period during which hi%h pressure

gas productsonfétew os tuhajtcperticulewedcyslehe "Bhusii e gfpdddiFef opf the .
clearing of the well in the event the plunger does not arrive, as well .as
the "of f-tipbunderi 2§ We chuthe wepch thes surinpes A988 shat- FReRGSad Sfrious

formati on pressure to accumul ate.
U risk of loading the well.

.In the event that the system is unsuccessful for . two
successive cycles in having the plunge: arrive at the sufface and
.the micro;processor 51 receive a signal from the'plunger arrival
operational amplifier 62 within.the pre-selected time-out period,
it ' substantially increases the length of the off-time to
virtually'guarantee.that the plunger will cycle on the very.next
time period to eliminate the'danger of loading the system from
inadequate'off-time preséure'build-up.

In the event that the system is operating in the mode B
configuration whereby the gas well mode is desired, the key—board
75 1is use¢- to _select PROGRAM, - MODE, and the  numeral 2 and,
ﬁhereafter,'prqgram the “exhaustftime“ periéd durihg which high
pressure gés production flow is to occur, followed by the "on-

time" allowed for clearing of the well in the event the plunger

does not arrive, as well as the "off-time" during which the well



Upon initiation of the cycle by depres%f’on of the RUN key 75f, the .

m cro-processor delivers a signal through the peripheral interface. .
adapter 61, the one shot nulti-vibrator 74, and the decoder 71 to open the .
first misotovdevE@ly shtfierim & ghblovsfoenatied presstie pbungenmalrieal '
sensor through the operational anplifier 62, the flip-flop 60 ance the
peri phePRRD |iMick¥akEORd St cbhe 6EYClendy Aeprrsfivesodr theai BUN akers 76ie
first mtor valve 67 to close _and, simultaneous|y, the second notor valve

68 to opBf f8F°5°pP§°§§Isé&red delLiSES: - £i n%"gﬁé?w o?f"b?u%gﬁtt?r eB&gigheral

duct fl ft th t d 68 I d
B oro- phBBPHRE « BRFBEFRo"S bbr (08 AMHE { ABOEy (TE-FE EER AP Bpdi cchid &1

the NeXhegualks L BLoldl GBReSRE LROREASES Tyl opglh afndies exbansl- Lim

by a smal " “I'nCr enen aI I NCrease | engt h
whi ch PrRgusticn Sase fLaw biung%txa'mqvéf Yendde twf-‘bhgh the o?@ to'ia%
well continues to successtul cycle on the next “tinme p

the plungan fieaches, thenaurtasg -EQoPr OfbiCearma PluHW e HhedifpheHalS gmbrface
t hrough operational anplifier the m cro-processor again increases the

| engt h aﬁaIpIt@zexlaausttherrenbcyra-preeseéezt exbyatiod t @ahises peREOCEi rs t\h @b tiolre
pl unger does not reach the surface and the mcro- processor does not

recei vevalsiegrisl tooriohe pad;pisdmailtianeanfsdge dusptzecédd mbtprfivepve0 68nd -
operational anplifier 62, during the nmaxi hum "on- tinme" period set for
arrival toofopsse qur hgrere- se%%‘g%rfaexbawy ELBstsresindt BE RAOHr Draiseages?
and 68, skips the ' exhaust- | me" period and decreases the Iength of the

 exhaust PrOdHCrE-CT‘br fiAw- nex?h8§€P§tS§' a Rt sBPEPredaites abti And v&Pu@nse)

closed for a pre-programmed "off-time" period and the cycle is
again repeated. On thg next cycie the micro~proce§sor'incfeases 
the length of the exhaust-time by a sﬁéll ipcreméntal delta-time
to increase the_lengtﬂ of time during which production gas flow
is thained from <the well. Wheﬁ ‘the well continues to
succéssfully 'cycle 'on the next time. period -and the p{pﬁéer
reaches the surface to.produce a plunger arrival signal_throggh-
operational amplifier 62, the micro-processor again ihcreases the
length of the eghaust-timé by a pre-selected delta-time periodu-~
When the plunger does not reach the surface and the micro=
-processor does hoﬁ receive a signal from the peripheral interface -
‘adapter 61, flip-flop 60 and operational amplifier 62, during the
maximum. "on-time" period set for ‘arrival of the plunger, it

. automatically closes both the motor valves 67 and 68, skips the_

"exhaust-time" period and decreases the lethh of the exhaust



ensure_ that on the next cycle the system W&l have sufficient downhol e
pressure to enabl e the plunger 20 to conpletely reach the surface. Wen the
system has again successfully cycled the plunger and has reached the
durface, thémexhEamt thenmexy RRGYe | h¥r 2aPE@-BPLECeL (iRt 1o M npratee to
| engt h_the maxi mumtime during which flow is obtained fromthe well

still Be aBRSWS chRAE e B’Pgng\aﬁﬁ‘tm ‘E%"fﬁe%?& YLD P21 mgfa"e |ﬁ“?ﬁg°ien‘=
operation qf the circuitry_of Figur i p,.con t pth ot as.Jifd
conpl et i on ARG epﬁ?s?ﬁﬁeo é’ra?’i‘a(‘eﬁ\. sggl(é\mqu}%dﬁ%nn %\%ditatoi r(}:ﬁo"tgfgleéél; reach

control i ngchtehes&]gfngég._ of V; & \?\}E%%lt %}{}?tgﬁ 'hggl \g?tagélt %d%ﬁﬁﬁﬁﬁ‘%?&'ﬂ?&rthe

of trips the plunger nay make a pre-se time period for” ol

wel | Operaﬁhﬂ]hegaéld/ Qhat Bad CRIAINOE thewdirBaddr gRE BkAduUSt &idd oM fg8In

the well i case of a gas well, the systemserves to reduce the m ni num
amount of i Sedadddre bl Qe 1 H£-Eoke | ML Cit Sofp€Meandl digtieby heonsetimtur heime
gas required to Iift the plunger and cycle the well. Referring next to the

schemati ¢ g wDy® EDowi g8r edtadnedB fawith SThe aveldngent forili ebengbhs to
shown therein, the mcro- processor 51 is connected to be driven by a 500
KHz .cl ock dryoldss ©Rec@lmnigeimgeidth otbel belected offrddmed t hidugheaoperation
flip-flop circuit 92. The oscillator 91 includes a 1Mi#z crystal 9la across
whi ch is corfhethed oirewltrvr oFlbFigupai 3 ofnc&PRRECH O TV g tdey BRI dhft
inverting anplifier 9le, The m cr o-gr ocessor 51.is cdngg%t ed to the

memory dec RPN | @5 JELEBHRRr Asi Rt ARCEAEF88s BuE B 3 The out put of

ronory decoder ! SaSPBISE! 80 Lone rol I2nlPURLY1 B4gA B4ULRES ort2Ent ¥ ne

well to increase the number of tripé the'plunger may make within
a pre—selected. time period for oil well operation and/or the
'length of flow time for gas production flow from the well in the
case of a gas well, the system serves to reduce the minimgm
amount of injéct time from the gas inject system and thereby
conserve the gas required to lift the plunger and cycle the well.

Referrihg next to the schematic diagram shown in Figures SA,_
SB and 5C, arranged for viewing as shown.'thérein,- the micro-
-prbcessor 51 is connected to be driven by a 500 KH, clock driver
52 comprising an oscillatqr 91 connected through a flip-flop
circuit 92. ’ The oscillator 91 includes a 1MH, crystal 91la across
which is connected a resistor 91b, a pair of capacitors 91c and
91d aﬁd ah'ipverting amplifier 9le. The micro-processor 51 is
connected to the memory decoder 57 by leads comprising the

address bus 56. The output of memory-decoder 57 is connected.tO'



decdder-58 by a single | ead 93a. The o&tbut of .the mcro- processor 51 is
‘al so ‘connect ed by neans of data and address bus 53 to a nunber of other .
conmponents including the nenory 54, the real tinme clock 59 the display

driversg@d @@ﬂogg ki 8y" 8adkesas 1eRlds 935 aldde denmrdeard woa@rpe?ﬁﬁ&élhe
peri pheral interface adapter 61. A menory decoding latch 57 s
provi deflecédedersd t byl ex tdimglod alasd agsiaess Hsesodtputt ket odhputmidrd-he
m cro-processor 51. The menory 54 includes RAM nmenory 94 for the storage
-of © megswoedssear &letiey salandcokapchedr dy seant abf edptagradneddiatss, buss
well as an EPROM 95 for the storage of program control for the

m cr o- pfdct9s@ nwiber ofhetheay qrmaneidoderclngding cbhfedea@rvo She ths

-board 75 (Figure 3) to input data fromthe key-board_into the nenmory 54 as -
wel | astedk SpPpcslaskptlyths AdePéBYedFdtviedi® B! t#ed ofér dFdQure Ble as

. ' f.1h L ph | J f d 61 .S baot h
ol tnoi tekboGibr CoR RSYRRTLR BREGRGH o bnBPenaiENuPEFFPBFALor TReTTace
rive croeREed 78 lng 7 o Ao RaRrCCREROEEnbonT SRR "o, M) Bl W

drive cir and 73 are conhec on "of f

-of the wumgieééa'e@é-?}?g fapg%‘gagg%% w&%?mﬁ?’ &Feonéhéiaﬁt Yt

‘pair of 1 nterconnected a and 8 ving OR gates connected to

each othesr8yptbekksbessl.| cate mimdty B4 ifdQidde ReQY - <y e9E OfieF vibe
through OR gate 99a is coupled to the first flip flop 83a. An out put from

the readtbraye! o6k | mealsWreanngathet ershe Sl | Rag-boddte of dod o t.ampLE
of OR gate 99a. An output from the set lead of flip flop 93a is- :
connectedoghanmgh ad@taer BR well as an EPROM 95 for the storage ot

| progiam control for  the micré—proceséor 51. .The kéy—board,

encoder 76 1is coﬁnécted to the keyéboard'75 {Figure 3) to.inpﬁt'

data from the.kéy;board into the.memory 54 as well as:the optical
display 78 for observation by the operatory The'outﬁut of the'l

peripheral interfaqe'adapter 61 is connected to bdth a SOlenoid

decoder 71 as well as through a one-shot multi-vibrator 74 to

energize the solenoids for a pre-selected'time period. A pair of

solenoid drive circuits 72 and.73 are connected to "on' and "off"
solencids for éach of'fhe two motor valves;' : | _ L;

The -powér - save circuit 83 consists of a pair of
interconnected flip flops 83a and 83b having OR gates connected -

to each other by their reset leads. An output from the'kéy-board

encoder'?é through OR gate 99a is cou?led to:the first flip flop

83a. An output from the real time ciock is.also'conneéted via

the CLK lead to the other input of OR gate 99a. An output from



date 99b back t'o the micro-processor as t K&K | ead. Qutput fromthe flip
flops .83a and 83b ar€ connected through a pair of EXCLUSI VE OR gates 100a
and- 100b whi ch are connected to drive the display. One of the gates 100a
is connectéﬂetGQﬁlbea@m9ﬁlﬁ%lﬁoﬁéﬂRMﬁiﬁl$$a§ﬁ@§aﬂt%ﬁuﬁQﬁ¢umhlB@OFhsr OR
unit ig/in operation while the other %ete 100b is connected to a "

save" col of2whi ERPRARE SCely WRAEKOrREOSPEEom B8 Fﬁepﬁméﬂ%ﬁﬂnarﬁkﬁ?%ﬁuﬁrom

i ndi cat b d. d | 1

broceaser HR dkilg TR | 78 aRBY p it od BonroneBrBay ruth LB chrde &
I nt ai ti.al | t
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clock 59, produges gesicgalgAnd h?o&!rKllse%n%%%e%a 5&9909 the time

received t ougﬁ gate 99a, the pomer save circuit 1s swtched out of power

save node agfoROWRIidrs @ehbMesedhd Oafd! dJeiFe MOMMONEALS Wl OPer ahi Ypeftion
eval uation of the status of the system Referring nowto Figure 4 there is

shown a bl wekldi agianpthes gatet 00|59 ceansttudt &d d n*pewser @avee odldh
~the present invention for the operation of the well control system shown

I n Fi gur eswhichntb@rns khepdyt i ehémr thet heysyenedsi nch udeweax ave- mode and
processor 151 driven by a clock driver 152 which is connected to a |ine
drive 157 bpdieanssofthat anéinénymppowess.is bhéngi@mysqn%%essbn Powers save
al so connected by _reans of a data_and address bus 153 through a |jne drive -
150 to a nBRBPy P34 PUILSRRAT i R ?ﬂ%lﬂ‘ﬁcFBnﬁFbEE%éFels’P‘ﬁeé’e@orﬁ% REGIPT

2 ol LPLEKET, A0S0 sart?® ed Mon B O bS] | 20e WAL Wosscar

operation to conserve power._ In the event of a signal_from
either the key-board decoder 76 or thé real time clock 59, which
produces a signal on the CLK lead once gach second, 1is receivéd.
- through gate 99a, the power save circuit is switched out of power
save mode and power is deliveﬁed to all the components for
operation and.e_valuétion of the status of the systen.
Referring now to Figure 4 there is shown a block diagram of
a system also gonstructed in accordance with ﬁhe preéent
invention for the opéfation of the well control system shown in.
Figures 1 and 2. In particular, the éystém includes a mic;o-
processor 151 d:iven by a clock driver 152 which is connected to
a lineldrive 157 by means of an address bus 156. The micro-
processor 151 is .also connected by means of a data and address
bus 153 through a line drive 150 to a memory 154. In addition,

the micro—proéessor 151 1is connected to a demultiplexing latch



bus 177 -as wel | as'to the real tinme clock 9 and the system decoder 2G0.
A_ bus system 201 connects the system decodef and the real time clock 159 to:
.a keyboard encoder 245. A peripheral interface adapter 219 is provided

and t he 184t Puhof oubhGE bE GanRActed tbhaeghea ks MR xﬁan@%fohsaoiv@aﬁahe |
decoder 221 connected to actuate one of the pair of solenoid drivers °

220- 222 pifai ch7voRlsr Okel De a0t 06 wleveseisd thaesysledk 189 amdli ghéalsystenm
battery voltage detection network 231 is connected through an operational
anpl i fi @ecddzz 0200 | Nbubusf stylseeperiphecahherhs erthac s yalogph ede2d8erhidne a
dead battery detection network 233 is connected through an operati onal

anpl i fi éhe2ealo tme heko¢kplii9otot ackprbpphdr ancpdesr R4Se adapter 219. A
plunger arrival term nal 235 is connected to a Elunggr arrival detector:

_ (Figures 1 afd Pepriambeyiddvi daferfageyynafapkesughll fifp Brepidsd tand the
indicate to the peripheral interface adapter 219 the argjyal of a plunger

at the GEPRSOPE GHRGTR(HE {SBPABSSoRn SASOYSELBURMS PP & Uck eSS
connect t o terqginal 236a an rovi des si gnal :to t.he periphegal .

i nt erfagecaogaaepfe 19°?'r\n??1€e‘gvgcrﬂ 8?E33?5il e 8% at%%ng’?éée £aisr°l§d1p°6ldy
used to ' _ o] % ldde GRATACt L gui St LSp

241 is p‘)iryé'\?‘{ esg %\??hggﬁpgp}r{@gf < Pé%log; ttéllrei vers 4%%‘%1%2%% QEXAE?&;@?S/S'[%_

201'inFQQﬁPh&§ § 821t NGa € SP) A% oyl etk 20 Ad8wbexa XPY- Peardh HRIFALR
245 whi ch decodes a key-board 236 to display information encoded by the

key- boarthrididh t hen "esPsyatibhal Emplbeier the2 teoptiterdl dimpity 1 4my

be utilized to observe various itens of _ _ _ ’
peripheral interface adapter 219 while a dead battery detectionu

-network 233 is connected through an operational amplifie.r 234 to

another input of the péripheral interfé’cé adapter 219. A pluﬁger

arrival terminal 235 is connected to a ﬁlunger arrival Tdete'ctor
(Figures .1 é.nd 2) and provides‘.a signal through a flip flop 236 .

to indicate to the peripheral interface adapter 219 the arrival

of a plung'e;: at the uppér portion of the tubing. An air pressure
failure'detelctor is connected to terminal 236a and provides_-a'

signal to the. peripheral interface adapter 219 in the event of a
failure of a compressed’ air supply used to operate the motorQ
valves. | )

A multi-character liquid brys'tal display 241 is provided

with a pé‘ir of dilsplay drivers 242 and 243. A bus éYstem 201
interconnects the_. display drivers 242 and 243 to a key-board

encoder 245.' which decodes a key—board 236 to .display informafion

encoded by the 'key—board into the memory'154.- _Further, the



_ \ Lk
menory . such as previously programed tines. The conponents within
the power.save circuit 250 which are adapted to reduce the power
consupption of the controller during nost of the tinmed operation of the -
system, PRALGA, RPhAVer ‘damdici PR urtlbipedpErfards 9y HoiRFL Hnt Bers opf
t he nonwessential functions which copsune <gquer uptil, a si gnalrp?i S received

ei ther TroMSREY e5HY nBScl BERVORUE BerP O T ST s ?ﬁmﬁﬁﬂanla &y- fgRpgnents
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i nformati on. ese (WO evéent's serve 10 power
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IS shown a“schenmatic diagramof the systemillustrate l'ock Tormin

Figure 4. operGaidie 88efthéd S§¥9€Kkmdr i VEKhadS2sdr ittRS Bowb Bl QaRie0CESSAi €5350
preferably of the CMOS type. Qutput fromthe m cro-processor 151 on the -

addr ess buspkrates ptovipdedrt ddwie aiheodi thel mbravuk Sdlth £ BXh: tihdAs behbch
into and. out of the m cro-processor 151 flows over the data bus 153.. Line -
drivers ar eqscnalegowerlihtid neveiigradr nis i oedeitvedaneli tiuér off xdme tiesrorgal
154 whi ch consists of an RAMtogether with an EPROM storage unit. A
denul ti pl eXime | #Erk 580 s Pr PEriadion dagd sdaeF bdsomo @enlfeyi-proaxdt hentry
output fromthe m cro-processor 151. The latch 158 is connected to the
real time dRSdCatioe i &hBks Uy Ayshem 18 PRéNFeRFSLRAMNCd) OFIITFIAA « hOTr
system decqder 200 go both_to.the nory 154 as |1 as_to the peripheral
Thterface dASERALRR C TRCRART | TROR U4 hAZeDET ARTI%s tat HoVaRd R s the
and control q{( i n ch o ri.ph units such as the
ol 1 19 APy 268000 kel £871R"ERAL |
Referring now to Figures 6A-C, there is shown a schematic
diagram of the system illustrated in block form in Figure 4. As
can be seen, a clock driver 152 drives a micro-processor 151
preferably of the CMOS type. Output from the micro-processor 151
on the address Dbus 156 is provided to the line dive 157 and
MULTIPLEXED data.both into and out of the micro-processor 151
flows over the data bus 153. Line drivers are provided at 150 to
move information into and out of the memory 154 which consists of
an RAM together with an EPROM storage unit. A demultiplexing
latch 158 is provided -on the data bus to demultiplex the output
from the micro;processorllsl. ‘The latch 158 is_cénnected to the
real time clock 159 via bus 177 as well as the memory 154.
Outputs from the system decoder 200 go both to the memory 154 as
- well as to the peripheral interface adapter 219, The multiplex

data bus 201 carries data, address and control information -among



kebeoatd encoder 235 as well as the periggral interface adapter 219.:°
Digital battery condition is nmeasured by network 231 and a differential
anplifier 232 while dead digital battery condition is detected by

net wor K ¢ 233 o Afthe QREEAIAOPR] uRIBL I $4EF a23¢nEOREHNI feah‘édgggcgﬁ‘g-"?ri}h;e

peripheral interface adapter 219. Sol enoid driver circuits

connect gdyLedai@ RHdJHEF 8336 NAer§ELe aglapher pdiPphbiral dhicvesatlr aualiedr
one-shot multi- vibrator 251 and a sol enoi d decoder 221 to power a

pluraliyoof ruieitabl betsekgneiohddtiver I s3MbasAired rbpr petuwoekl aBhiuaaa a
signal on |ead 236a provides an indication to the peripheral interface
adapt or diZ¥eresdtilad ampliufigjer 232 iwbilesidgad digyital nbatterf3bomddtidas
an indication through adapter 219. In particular, the circuit operates
to provide dgtretedi cbyopaedmark of2ihe ard | eperayiensionsmphdfpeirn 234
Figures 1 and 2. Referring next to Figure 7A,_ there is shown a graphical
pr esent EOMERNGCATRA kR cFidpePeFinperati bRLArFEAFR ARRBKeEhE 1&ystem of the

t i ti pLim th I f i 1. Al th
Derti ol o aoaenti LAy SCrrBOFE s e FRaRarsen h ok Sompreral
_al t he _hard tal,_di [ h | S ti iven in weeks.
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curve 501 are the ideal optinmumoff=tine periods for production of the -
oi | wel lorbasesla upeBat rpffdeyche indesatibn cop bl@espempheral_ interfacéJ :
adaptor 219 while a .plunger arrival signal on terminal 235
provides an indication through édaptér'219.  In particular,_the
| circuit operates to. providé 5ystematib operation of the well.
configurations sﬁown iﬁ Figufes 1 and 2(

Réferring next to .Figure' 7A, there -_ is shbwn .a graphical
presentation of the envelope of operation.within which the system
of the present.invéntion optimizes the pfoduction Qf an oil well.
Aiong the vertical side of the éraph is'the off cycle timeé given
in hours whi;e along the horizontal dimension of the graph ig;h.
delta. time given in weeks. As can be seen in the graph, the
uppercurve.shows an illustrative upper limit of off cycle time
for .opfiﬁUm- production while _the  lower curve 502 shows an
illustrative . lower limit of off cYcle times for optimum-
production. That is, time periods fall oﬁ oﬁ above the'upper-_

curve 501 are the ideal optimum off=time periods for production



at peiats 503-508 that there were nmgigr changes in the

i1l tstrative optimumtinme period which were produced by perturbations
either inthe well, the reservoir into which the well penetrates or in the
del i very $fstteift debhhsWedamirassd (yRoRethe| afé @icdR HHae8.ui oL ¥ scpri hg seen
del i vergd. Simlarly, e sang ~gert urbations produce n anal ogous

th .

change ~i Rt t ROFPEEst 23 RO8 | o2t | FRRFE  F&Fe ofBIRFM TIINILS netn  the

i od f, ' d I, f nth | l.. o Thi h_illustcat :
Phe i 111 drtye FRREECI | AESETWDL | TERBo BR&dOfne A mATThy BFOtRESel PY

purely Up%éﬂﬁéfé?%pgﬁ.ltﬁgi' ) e%f’EQ %83&‘ SQlffe a{r&?&?&oi‘& Qe A D rne
al gorit hm™whic escribes the operafion of "fhe well over a | ong enotgh tinme

period t o LNUr BehBRL-akRE %goriin; hendi lale13QBS St ddm ABRhERYRan! Ofrom the

predict the optinmum periods or maxim zing production fromthe well.

Referring «aw t onEbouiei ofB, thBers i sPeWbed rif a@él DebtdUSt rgihieaEXPAUEhe
cycle tines of a gas well designed to optim ze the production fromthe

wel | . As camde pearturbhtiovn® 7Bprblaceppain cusnalbbdulefi éRanae in the
illustrative upper Iimt on the exhaust tine while the |ower curve
511 definddustratiwvst rbower limcts |fomt omiimxbausif djislee peiniwdsi nfor
order to achieve opti mnumexhaust tine gas flow fromthe well. As can be
seen at tMma}oryn s PFPAETE. on hdremockher &ty ubhist i gearharigddisfrates the
affect the production fromthe well as a result in changes in the,

char act er i%ti LWty HenBRFerantRWAFERMRESRIpECL BRER FREoLIntezRiGEAPRIpPE the

varyi ng the, iex i {1 e uid 094, RIoguct L 1) %% °30s 2% SRLL0REL LT

defining an algorithm which describes the operation of the well
over a long enoﬁgh time period to ensure that the algbrithm wili
consistentlyl continue to predict the optimum périods for
maximizing production from the well.
Refefring now to Figure 7B, there is shown a graph of
illustrative ex.haus't cycle' times: of a gas well designed to
optimize the producfion from the well. .As can be seen in Fiéure
7B, the upper curve 510 defines an illustrative upper limit on
fthe'_exhaust time while the lower curve 511 defines an
illustrativé lower 1limit. on exhaust éycle._time in order to
~achieve optimum exhaust time éas_flow from the well. As can be
seen at the points 512-515, there occurred illustrative changes.
which affect the production from the well as a resdlt in changes

in the characteristics of the well and which must be taken into



Referring nexXt to Figure 8A, there is shogman illustrative graph of the
off tinmes of the systemof the present invention operated in the oil well .
mode. This graph serves to illustrate the manner in which the controller
of ‘the piessEhti ByeridBA mPntheunbkymdRcEenseduiring engidh rédiectfdn eyt
tinme periods by increnental values over 'the period of operation to attnpt

t o achi eys#nopéi obtelihedd fpoedddie oelfl,om t he wel | . As shown in Figure 8A
the vertical axis of the graph illustrates off-tinme periods in hours. The
hori zont al axRefefrrihg grexth t¢ | Btgunee8Af hshpaesdge sdfowrn ran olkekusit pati vel
of days or weeks and includes nunerous cycles of the intermtting .of the -
wel | . g¥apht of10tBA (afL gEAPRS Qfusthat 8YSERE Rt thRaPresenthiinwenbion
tinme selected for a well is fairly large to ensure that when the operation

begi ns, OPPEARRRI 1 I Fheeoilr ¥etd ARA% t hErhF uBGBPRASE LTSS rtth Lhus PRty

e g 12 RocITARRTR g Y EHE UTPSCTRE Fer Rt GScabSERBechI VR ThER e

is gradu d i I | t s f.h0 7

than 5 rogpYihaEE det RaNE Bhd AR e T SHP ee (EHES $ErG8° by
represen 0gehBRtHRPEral hdd t Ried NEnben@l o 9T e i@ Ofof %_t%wgw to
which the plunger is sure to reach the surface, "the plunger failed to
cycle. afRibbe nepdimye! E1die pkbatibiEons ep¥disehed w1 POi NtAS1Zhod@S in

increased to greater than 5 hours to ensure that .the plunger would reach
t he 'surfrtguubersd,hetnel lvass cienedi aindft tthe gwebh Wdllubtmates off-time
Thereafter, once the off-tine was increased to a value where the well was -
cycling berweés pa nteusd3 arthes lMgrizontal axis -of the graph illustrateb-'J
the passage of time over a period of days or weeks and includes
numerous cyéles of the intermitting of the Well; | Point 610 on
the graph illustrates the fact. that the initiél off time. selected
for a wéll is fairly large to ehsﬁre that when the operati.on'
begins, the well will be sure to cycl”e the plungér and not run
any risk of loading up. During the number Qf cycles between the
points 610 and 611, e.g., 12 cycles, th_e length' of the off-time
period on éach éu;;:cessive cycle is gradually reduced in value by_'
increments from around 7 hours to less than 5 hours. When -thu
time period becomes less than the curve 612 repi‘esenting the
upper limit of the length of off-time period flolllowing which tﬁe
plunger lS sure to reach the surface,. the plunger failed_ to
cycle.. On the next cycle, the off-. time; ré'presented-at_ point

613, was increased to greater than 5 hours to ensure that the

plunger would readh the surface whén the well was opened and the

*
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the.controller continued to decrease the off-time period during each
successive cycle of the well until it again reached a point, at 614, at

whi.ch ‘the pbyunggbutaulcddid. CYHldreattdy,’ SHRYThd LMWL WL i Qi Fodlced o
‘a step function increméntal increase in the off-tine period at 615 to

ensur gt hak @y URBGEeWaiHd] Wl NwaY CkgclingThRittafdieIpoi W€ et be awal l614,
cycl ed”again, the off time period enployed was again gradually decreased
from cycl ethe @priterdidtewecoftinaed €6 e ddas ssyhenvErobtlei peatcdhaiuring
optinmumoff- tinme period for well conditions existent at that time to

achi eve theaghxsmngeesgiye cyfclte iqfs tdfe twed Iplunigdr it agajivereadhesl perpaictt,
and still ensure that the well would cycle each tine. This ideal off-tine
period, whp&h &ddnt i Bue¥highcidifyePHangRy | vopkd enpsi ICY:® . gat har ire§Popseerihe
condi tions var is represented by the upper, line 612.- The |ower |ine 620

represents°Pﬁ§¥Pﬁé8Féﬁﬂﬁﬁ°Qquqi§n§ﬁﬁﬂ| Han dfesRe Nty ifikapgsien the
| [ .not t | e, =t i.od [ in,th t .
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step funct be&;eaaagﬁslidyéaeldasccayuitﬂ YL RAATE! Aot U Ffork A Do YL o |
t mto

perturbation in either the well,” the formation or the gathering syste
whi ch the pweklreln BYIBELh®ds18has &mANGS dUent AWtdddNEni 6nl ehlee FRd riuh off-

change in both the mninmumand maximumlinmts on off-time for cycling of

the well. timéheersyst efor espbhdesonfibtibns ekliastnat ate thlaxnge nen tapesatii exge

copditions by increasing the off-time periods to ensure that _
the maximum number of trips of the plunger in a given time period
and still ensure that the well would cycle each time. This ideal
off-time period, which continues to change as well, reservoir and
gathering system conditioné‘vary, is represented by the upper
line 612. The lower line 620 represents the theoretical off-time
periods for the well for which the plunger is sure not to cycle.
Off-time periods faliing in thelspace between-them may or may not
cause the plunger to cycle. Thus the controller continually
searches fqr an off-time lying on the ideal upper line 612.

o/ Still referfing to Figure 83, af point 617, there is
represented a step function change in weil condition parameters
which are caused by éomé perturbation in either the well, the
formation or the éathering system to which the well is connected.

This change in conditions is reflected in a change in both the

+ minimum and maximum limits on off-time for cycling of the well.



after a nunber of cycles the systemis @fain zeroed in on the new ideal °
upper limt 618. It can be noted at 617 that followi ng two successive..
cycles during which the plunger failed to reach the surface the controller

in-trodugﬁg 3L EEER | AEL58R&s | Nt Of fthtiisrreipfﬁfseﬁawv@le SH£ad Ne P! HPRERLYng

cycl ed e very next round to avoid |oading the well. e contro

oper at egoh@i@ASHsE bhatl i hbLeSYShEM tife MRYEME ik NBBY1i6HS! 680 Ofersha-eP! HAGET
as possible and still sure-to cycle the well. Simlarly, in Figure 8B,
there i afgks0ashunber Rpydiesnche |sxpdttent i Ve apeint z6noefi 1iheononheohker
in the gas well node of the systemof the present invention. In Figure
8B, theidenfli c@ipeaxilsirgft t6ie8.gr dpth capresamtedxduét 7t thetpéoldbdwing the
well in hours while the horizontal axis represents the assage of tine
over a BQPFGQSQWQM&x%la%ddwmﬂﬁikﬁh#ﬁmetbasP&kﬁ&%%iﬁéi£9él&9(#93Ch the
intermtting of the well. _As can be seen_in the graph of Figure 8B, an

i nitial SPFEESEr FRGe SO 85 mbpEPRBECE BapbRFIe REGESREe St ePEdatimg

ensure that _ the W oa Thereafter, over a ggriggﬁgf

1. || | d . up.
Cime 1 BETLof i 1S mAT R P LTeT s°’@?3a%‘EaTT?/ TREY cHSEl EAET
710 th i | ' ] ]
(ho corsEpATHEY LAgP Y 20 WAIICeoREkol [r "B MR €9, NS TURAE LRE

reS'ponssggttemP %hﬂ\'ﬁ&nﬁj ey i-aagggrf 34 Wft@ﬁecgg?h?%g’e;axﬂgﬁgéﬂ‘ble and

successl cycl e betweenn 710 an to be sure tF st tinmeis
not toosghaat shixLnrSydi@tehdewdell Wil cycle each time. Once the = 50

| ength of the exhaust tine period is decreased to the val ue shown
Similarly, in Figure 8B, there is also shown a graph of aﬁ‘J
illustrative operation of the controller in the gas well mode of
the system of the présentiinvention. In Figure 8B, the vertical
" axis of the graph rééresents exhéust time_periods.of the well in
hours while the horizontal axis‘represents.the passage of time
over a period of weeks and includes numéroﬁs successive cycles of
intermitting of the well. As can be seen in the graph of Figuﬁe
8B, an iﬁitial illustrétive exhaust time period of about 1 hour
is. selected té ~ensure that the well will not . load up.
Thereafter, over a périod:of time, the exhaust time for'the'wellk)
is graduallj increased until at point 710 the exhaust time was so '
large that the well would no longer cycle for.the selected off-
time énd Bperating conditions at that time. In response,_the
exhaust time is decreased by the controller on eachISuccessive
cycle between 710 and 711 to be-sure that the exhaust time is not

too great to-ensure-that the well will cycle each time. Once the
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at point- 711 and. the plunger is reaching tﬁé surface after the well is
operfed, the exhaust tinme is gradually |engthened again between points 711

and. 712 to_attenpt to achieve the optinumlength of exhaust tine and stil
have ‘the wePRItH OF ithf ypxhadss: tile (BRENO t085FeaEed iyt o vahge shown

haust /i iod f.oll owi whi h Il will Db | '
}hp“%gﬁ%mﬁ o0 Dho ARG HS LELubgSrg s ARAGhi T FhE RBETRS” AREY the
i 713. T ; i mit, of_.exh i ne.fal l.qwi '
bure nov 1 SoTaanRe! phelleh, Ol akRhuL L TR k! L DO dlb Ehy' HSrleiiifla | dgain

whi ch fall Jhetueen cHiyes 74d) agha7 kA JBY o0Ma (IOt theSHRi dve COMY €481 mun

cycling of the plunger. As can be seen, the ideal” exhaust tinme periods for
the wel'l wildhdte H @ihaddte tiweraadlragi1ilhavyl il NhelllSco t AT £abBy cycle.
represented an illustrative change in the operating paraneters of the well
and thus time deadweaxhausditd i & thehi Setbthgeocifn €hadi ekhasstaustmet hperiod
controller to begin inplenenting a sequence of increnental increases in

| engt h of tfled lewiongst widrdlndshen emdll cyild whel eseaet i koi ngycdenpgiven the
whet her the well continues to cycle follow ng each increase. As can be seen
fromthe grpagtisuldguepegBtinge econtitiong asntthrialthiyet ries nepnesanfiede by
the |l ength of the exhaust tine periods while ensuring that the well .
continues tdedlcliinet7ldes TRPsUBPerndidindl 19FhanStedsitRy tokt PEhREHYBECh
each successi ve exhaust tine Periog gntil t hat_val ue_reaches the

where the W8 BPRIRE ESngBt=TyBPE &fd & bR%i RYTERFeand aﬁ%ﬁ”ﬁg%?néﬁ%% by

to\_zjro i h1‘1%&.“‘?1119"?&"5:?1@%‘@'&%&3 t:?xric%ptf.ar{'iml%wggﬁi_QuruagWHB and 714

may or may not result in complete cycling of the plunger. As can
be seen, the ideal exhaust time periods for ﬁhe well will 1lie
along the lower curve 713. At point 715, there is rebresented an
il;ustrgtive chéﬁge in the operating parameters of the well and
thus-the.ideal exhaust timet This change in conditions causes
the controller to begin impleménting a sequence of incremental
" increases in length of the exhaust periods on each cycle while
continuing to monitor whether the well continues to cycle
following each indrease.
| As can be seen from the graph of Figure 8B, thé controller
éoﬁtinually 'tries. to maximize the length of the exhaust time
periods while ensuring that ﬁhe;well continues Eo cycle. It does
this by incrementally increasing the length of each successive
exhaust time period until fhat value reaches the point where the

well will no longer cycle and then backing off and again trying



and continuous cycling of the plunger.fidftmare Referring next to Figurés
9A-9C, there is shown a flow chart of the programmed operation of the . :
system of the present invention. ~The flow chart begins at 901 and .

at 902 .t ratd o0 hhsk, +1ildae r i | | | ¥
convertga %%fgpgégéﬁggé?%r5?3?%h2fﬁgg?§ufé??oﬁ&§ﬁd 5#@%?55#3??§F%§?h£$0w
programana coftdmboust yQUMEHE €| dng@r. i s set equal to a tenporary
cycle storage value, The current cycle value is dependent upon
whi ch nedé€twa&epr ogram control is in. If the systemis in node A to
optim ze production froman oil well, the controller is trying to-optim ze
the "of f' ti mRefefrding weit dal RipredorA+He ctheratisyshewnsat lidowf thate.
I f however, the systemis in node B for a gas well, the controller is

trying 08 i f@ccaPragrammgthuPeraeionr efe Bt eviyahemt haf t KBecupresent
cycle-is "exhaust tinme". Next, at 903, the system checks to see whether or
not a r&8¥EPLERR-has F&&h £V chagtyr bEGHEE ofta P0det 3dagati . 992 f¥Png

equal to _one, .neans _that the_system has not been through.the | oop before.
£s et ﬁ E?

It it | SPRRESHORS PPRPFhr oufRT3Ene THDofU FREY ¥ S sydf8mi%ePORVEsTES
initialiaat] b 19 e UL I | .
whi ch t $PRRLr 85¥BhlE0 £8r QGRS cul et nll KERa PR BT ATHATO Y

s Cauab ol rhniind i§eééna,h'e €id ST BYBYe! OE1 hEC £YSEYR bhulBVaH 14

904 at i ch several actions are taken. irst, the systemsets up =
certai ntRapeArige ¥Rl stordge value.  The current cycle value is
dependent upon which mode'thé program control is in. If thé&)'

system is in mode A to optimize production frbm an- oil well, the
controller is trying-to'optimize the "off time" of the well and
therefore thelcurrent éycle is the off time. If“however, the
system is in mode B fdr a gas well, the controller is trYing to
increase the exhaust time for the system énd thus the current
cycle is "ekhaust time". Next, at 903, the system chécks td séé'
whether or not.a reset flag has been set. The presence of a
-reset flag, i.e.,'being-equal £o one, means that the system_has. 
not been thfpﬁgh the loop before. If it 'is. the first t;mq\)
through the ldop then the system sets some initialization
variables, for example, different valué§ of pérceﬁtages by which
to increase of decrease time peribds of the system. B

-If the reset flég is equal to 1 and it.is'the first time
around for the system, it moves to 904 at which several actions

are taken, First, the system sets up certain percehtage value



for, the paraneters "decrease cycle", %iZacrease cycle", and "shake-up
cycle" . (the degree of change necessary to ensure that the plunger cycles).

I dditign,th t | so, sets, -set fl to ro_indicati hat th
Syst em,had dfow Hiln RATOUGRe Ehe | BBBPET ot erPrPe: 11 WBOTRRSE ofYeb8" ( nana

or roae By e 7" BEEL8F | Wehnd laddedl DHETRRRRGE] dBE {rif| o MEng B Enac
the query e99§uh§e¥e§ty%i1§sghe syst saamgg, ftﬁe%@sé:exd mlrEBi%é%?sthr'eret

controll er knows that ealing wth o time and the upper 'imt o

off-tinme im £t c80¥8kot QnRalkiHRS thia® RHE & JduEh DeLaUsew i beéf theoubh! he
time through the | oop. If, however, the systemrecognizes at 905
that node 1bdp Setechedfbpstatgms. well is being operated, it noves to .
907 knowing that it is desirable to optimze the exhaust time of the.
wel | and the ifextl saxha®dsk, tiktive tsystemeduafuives hevhehihreent orychet t iite is
divided -by 2. These two val ues, obtained in steps 906 and 907, are the
limts on RIRIPasmedmianmede of. chbhgeeld tmudeffori medeaRd gamuselli mede-
respectively, which can take place during _any .individual cycle. Follow ng

ei ther stépf obB &F dd7 mdR RyEPENPHDy &Sty FHE APIHRTHEC CBRE afHSTHaBFCc 705
cal cul ations _are perf.arnmed. First, .the ntrqQller calculates a D F
CYCLE val ue® agefhé‘n;bs%?%t BY§ 5PTle O %Eurt n?é:%ycl gnm'“h = t%’e ?ggt cgg;?ﬁcgiler
That is, t r tdJre. LS Nl ujled th agt, .C C y
measur ed. )&%f'gyl gg?ttcylc{glémgtsegﬁtl#ﬁir%g bggf ci):(rlgne t%%é. the wpﬁzﬁeﬂ‘ﬁﬂ ot

absol ut e yah Les hs RPLQL MRRALY Qo tHEY EhRe8Y ThRMIRA HPLidE 266:4is6! e 1o
: the first time through the 1loop. If,. however, +the system
recognizes at 905 that mode B is selected and a gas well is being
operated, it moves to 907 knowing thét it is desirable to
optimize ﬁhe exhaust time of the well and the initial exhaust
time to set equal to the current cycle tiﬁe divided by 2. These
two values, obtained in steps 906 and 907, are the limits on the
maximum amount of change in the off times énd exhaust times,
respectively, whidh can take place du:ing any individual cycle.

| Following either step 906 or 907, the system moves to.908 ét
which certain basic .calcglations are performed. First, the
controller calculates a DIFF CYCLﬁ value as the absolute value of
current cycle minus the last cycle. That is, the current time is
the time required on the last cycle actually measured. The last
cycle was ﬁhe time before that. If the absolute value is

approximately 0 then the system has optimized itself. Next, a



'DI. FF | NCREASE: val ue is calculated as bg Bg equal to the cur nt cycle tipme
tikmes the increase cycle value and divided by 1000. This techni que keeps .
the calculation in integer nunbers rather than working with floating - - -,

deci mal Pprpt $NCRENDE  vaLud08s %a@lfhﬁa%@EﬂSEb¥§£Heeh§a§alﬁ%ultﬁ{fle\c}lzl?z{c%%/

being equal to the current cycle tinmes the decrease™cycl e val ue

1000. Nexjcle SHARCH GHOMNCEhealigcisagdl eybaked,asudehing agvaleho dye1qoo.

current cycle tines the search cycle divided by - 100 Finally, = a SHAKE
UP CHANCEhial wedmicpleuketed ashdecalycaljaghoho idei AUe5ept miHerst | FREndPe

shake up cycl e val ue divided by 1000. The end products of each of. these

cal cul attas Workindelwidh i fiedatimptdéesimal t pobnthangdexd, uat AfQ&r 4 hBIFF

calculations are perfornmed at 908, the systemnoves on to 909 at which
poi nt t NEEERRREE| Vel uehdck scalrukatemeanebebngnoguele ol (Hgercytzant sceele
If the plunger has arrived at the surface _and _been detected, then the

syst em set®eS fhey decrease cyede Yakuer fividedhdwyL0eth n¥exs, t @ GABARGH

set a f ndi_tion pn the n | unger yet variable indicating that fact.
ext - atCORNEEN T 7 oAl ARSI BBl Y Reialnctty ERCCRATARE Rr4Ls
equal t T I S, th t ea been. oplj mzed yet? it ha n__.

. optim th né?]% the D%lggq%\?CL Y\%%Fueﬂi‘glcg%%a%% gHéG t hekﬁi}gﬁg%‘ m@eg_ﬂgg%ﬁp
to det ergAgeHOWITRIY & Ne { hasi hgen 4,170 '

optim zed condition. il% ”}é?l}c?@.la?sé? %gansg%hgq%a toug% E?&h%rﬁ#&?c celse '

an ef f ectimes 16heyshaxehaye chear Rl ddE By Sty .hol fise tdiga th Mauct

periods the sane. That is, if the loop count at 912 'is |ess than ‘or equal -
to of each of these calculations is a "delta time", that is, a timé~zl
change value. |
After the calculations are pérfdrmed. at 908, the system
moves on to 909 at which point the controller checks.to.see
whether or not the plunger flag is set. ff thé plunger has
.arrived at the surface and been detected, thén the system sets é
flag. If a plunger has arrived the syStem moves to 910 fo Set a
false bondition on the no plungér yet vaﬁiéble indicating that
fact. Next, at 911 the system detefmines whether or not the bIFF--
 CYCLE'value'is equal to 0. That is,has the system been optimizéq~) 
y§t? If it has'beén optimized_and'the DIFF CYCLE value is equél
ﬁo 0, the system moves to 912 to determine how many times the
system has been through the cycle in an optimized conditi§n. If
it is less'than or equal to 13, (which indicates an effeétive 15

cycles have been completed) the sYstem holds the time periods the

same. That is, if the loop count at 912 is less than or equal to



13 the.system nboves to 913 at which poi nPHhe current cycle is set equal to
thetlast cycle and the |oop count is set equal to the |oop count plus 1.

| f, however at 912 the loop count is greater than 13, the system noves to
914 at vvhlbh Bbents ¥ahem amovas ude Ure %t HBLFbheeint t(l’éﬂ FHETEREREXSES is
CYCLE" vﬁl ue is set equal to 6; ge t he | NCREASE CYCLE val ue is set equal. to
6; (c) TheSEBOPIEBINTQ aFhE LesdetCysthinl 28Q Hhe( &)°°tpne°°f‘E'l\7'F> t‘i’CEE vEAyalj &o

t | tot t 0; d YCL |
s di vi ded®B 3°ﬂ%§[%$ﬂﬁ§¥§&sde 'Sk pdie e | AR e cveh CoRE Syerimts
' t t t | 0
ERCRG (T e AR i
B WIS Bk set

B for gas yglles |'Lr@ne9't|ab‘i@.| 'heﬁode Q4l)St Ene t HECRESHN EPY
whi ch point the CURRENT CYCLE val ue is set equal to the CURRENT CYCLE val ue

mnus the DEGE1! NGREASE(NRl HRe [NCRERGWECWCLE Vil usYsd eBkti 8qubll t@2%; (c)
well node, at 915, the controller noves to 917 at whi ch polnt CURRENT
CYCLE val uehesLoer @QUNT tvaXURRENTs &YCGhdruahl e pl ugdyhehlsl AEMENC¥ASE value
.value. Mwving on to Figure 9B, after conpletion of points 913, 914 916 or
917, the systertmammll cdIiBhe storrenn &ygleemPBusat Onhiaokd ﬁ@)ntttteheSPLMS!r P
CYCLE value is set equal to the TEMP CYCLE val ue set at 902. Thereafter, '
t he systenfEBLEs vedugldsadimiidad Ry % it agai n determi nes whet her or not
the systemin nmode A for oil well or node B for gas well I f oil well,
the system rrove?‘e[tb‘rg"z‘@gatt‘?/\/rﬂ%‘hlifo?%tP?%“Eu%?‘?‘eslﬁh&PﬁeP"Fﬂé
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system inquires_at 915 whether or not the system is in mode A for

,uu

0il well or mode B_for gas well. If an oil well mode exists, the
system moves to 916 at which point thé CURRENT CYCLE'value_is set.
equal to the CURRENT CYCLE value minus the DIFF INCREASE value.
If, however, the system is in gas well mode, at 915, the
controllér moves to 917 at which point CURRENT CYCLE value is'sét
equal to CURRENT CYCLE value plus the DIFF INCREASE value.

Moving on to Figure 9B, afte;-completion §f points 913, 914
916 or 917, thé systgm moves to 915,_shown on Figure 9B, at which
point the LAST CYCLE vélue is set equal to the TEMP CYCLE value
set at 902. Thereafter, the system moves to 919 at which pbint
it again determines whether or not thé system in mode A for oil
well or mode B for gas well. .If oil well, the system moves to
920 at which point it queries whether the CURRENT CYCLE value is

greater than or equal to the original off time. If it is, the



system noves.to 921 at whi ch the CURRENT &YCLE value is set equal to the
ori-ginal off tine. If not, or after the CURRENT CYCLE val ue has been set.
equal to the original off time at 921, the system noves to 922 at which. .

o 180057 SAth Reen SB00 ] P adthin The cousreid UEahB v Aliel 92 385h: Aiuat,
e o ohhe (B SiNAIC LT el S PLAThAt?, Y L LR, 'O Coneletf oréga%gf
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equal to 1800. In either case, e system then noves to 924 wher €' t he
current ghisfn N meRe@Nd%ol S9gaNVEEt Qﬂutéh I @@k nftl NBtf O ngli SRRy whRAfyr | Be
back to the query at 919, at which point the systemwas determ ned to be
oper at i IPRRENWJeYBLEOval gnsigelllessi ttHdenosDeRmallo H2518ber e tiige dealaeon
is made as to whether or not the CURRENT CYCLE value is |ess than or equal

" to the dSi0f nal ssdends isnequal | foyapprosimatgdyedOnuisetes, 92B8eaminkimch

t he CURRENT CYCLE value is set equal to the ariginal exhaust tine. '
Fol | owi rfg r@26regriradt Hforvehe pluagms decifibh from2the: (relshhaadn hovébet o
924 to convert the tinme value in seconds back to real time for displa
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flag had not been se
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yet was ledteE O{rai%' S§s sei: te ldgl t{be %X&bem Weaigzﬁeg?’%a te'V\:héﬁQ B?st%m

if it is
then moves to 924 where the current tlme ln_seconds is converted

to real time for dlsplay
Referrlng back to the query at 919, at which point the
system was determined to be operating in mode B for e gas well,
it then moves to 925 where the decision is made as to whether or
not the CURRENT CYCLE value is less than or equal to the originel"
- exhaust time. If yes, the system moves to 926 at which the
CURRENT CYCLE value is set equal to the orlglnal exhaust tlme
Following 926, or in the event of a no decision at 925, the.
system moves to 924 to convert the time value in seconds back tok)
real time for display. |
Referring back.to_969 on Fiéure 9A wherein it.was determined"
that a piﬁﬁéer flag had not been seﬁ and thus a plunger had not
arrived, the syStem'moved to 930 on Figure 9C to inqﬁire whether
or not'the statement of no piunger yet was true or false. If

true, the system moves to 931 at which point, if it is in oil



wel | mode, ‘the controll er goes to 932 to sa’ t he CURRENT CYCLE val ue equal
t 0, CURRENT CYCLE pl us the SEARCH CHANGE val ue. I f, however, it i

S
o 1 Ty T T R s B8 DA LTI 34, gl

t he CUI_RRENSII val ue I's set equal” tT
SEARCH-CHANGE 2l difia1 €51 BERRENICICRIT IR Qe 9§§Akégec?ﬁ§bﬁmw}£‘i‘ﬁee§ (O,

919 on Figure 9B as descri bed above. |f, “however, at 930, e system
det er m nednbhRkveld)e 19 RsUrdSteyRinsdieay 'Esul £8d He anf Yaze 4O CHIGY): the
the systemnoves to 934 and, if in gas well node, thereafter to 936 at

whi ch poi nsyshens yivers itogd I atwhwidtiotr tie MMURRENT |CYEREASR K £5 védticeddal
| ess than or equal to 5, that is, the 5 value represents 1/2 of 1 percent.
If it is | &9s CHRRENRaiCYQLR: vayseemimowesthe FEARQGH WOHANGBOI vl WRRENAfter
CYCLE val ue is set equal to CURRENT CYCLE minus the DI FF | NCREASE val ue
times 3. | Riid@n iReintat93IB0rt he3syshensyetem mayesh&ol RSP OVCIEL guireicdB as
~equal to the CURRENT CYCLE val ue; (b) the I NCREASE CYCLE val ue equal to the
| NI TI AL | NGREESERRS #POVhd (c) the SHAKE UP CYCLE val ue equal to the

I NI TI AL SHAKE UR | . Th ft th { [ to 919 Fi 9B

N TLAL STAE U o FReE L L B2 R A g LA e
8 |.ch; I S val d |

1P UG e, AU Bl | ICRSE SRS S L S R0

equal to SHAKE UR CYI4E a‘{-ﬁ,uﬁfjii‘ﬂ'ng;%( (t%’elt%.i] mddfd, e AL ALLNGES ¥86 at which

register is set equal to true; a e CURRENT CYCLE value 1s set

fﬂgi t;) CUBRENT the E¥etenrMittfuilis SHEEnd P SHANE tMid USNCREASE€PELE value
ystem

is less than or equal'to 5, that ié, the 5 value represénts 1/2

\J

of 1 pe;cént. if it is less than that, the system moves to 937
at which point CURRENT CfCLE-vaiue is set equal to CURRENT CYCLE
minus the DIFF INCREASE value times 3. 1In addition, at 937, the
system sets: (a) the LAST CYCLE value equal to the CURRENT CYCLE
value; (b) the INCREASE CYCLE value équal- to the INITIAL INCREASE
value; and (c) the SHAKE ﬁP CYCLE value equal to the INITIAL
SHAKE UP wvalue. 'Thereafter, the system moves to 919 on Fighre
9B. If, however, at-936, the INCREASE CYCLE value was greater
\4)-_ " than 5, the system moves to.938 at_which: (a) the INCREASE CYCLE
valﬁe is set equal to the INCREASE CYCLE value divided by 2; (b)
the SHAKE UP CfCLE value is-set equal to SHAKE UP CYCLE value
divided by 2; (c) the no plunger yet registéf is set equal to

true; and (d) the CURRENT CYCLE value is set equal to CURRENT



noves .t & 919 of .Figure 9B. If at 935, t$@ DECREASE CYCLE value in the oill
well node was | ess than or equal to 5, system noves to 939 at which: .(a)
. CURRENT CYCLE val ue is set equal to CURRENT CYCLE val ue plus the DI FF .
DECREASE¥CIlRiemt hues thy SKBKEt W@ LSSINGRY CizEL ual ue Thesedfeepal the teystem
CURRENT CYCLE val ue; (c¢) the DECREASE CYCLE value is set equal to the ¥

| NI TI. AL "REGREASE Q}YQ:LtEfvéiwereaﬂB (d) the SHAKE UP CYCLE value is set
equal to. INTIAL SHAKE CYCLE. Thereafter, the systemgoes to- 919 at
Figure 9B. Filfalaly, 93%. th93§ECRFh§EDE&ﬁE§SEatveLEnvéilhﬁeqiﬁr fed loimodse Was

node is greater t han or to 5, the system noves to 940 at which: (&)
the CURRENE c¥egp v%?u@cll“g eFCequal S¥8t E\éRF@\ﬁe?:YEEE R udtpli Gihe SHAE

é’f’ﬁ&'@%ﬁ*’zﬁ“% S UEHETRRRE 08 @t i o CUnREYR, o8B GRS 0 e

di vi ded dppg; D%@:QE(\%)B t@&lﬂ& Rl r3¥?t(lf)°”’éhl=_-' Yhst e&&ég?g 3%1 e 5?5 set

equal totrue systemthen, simlarly, noves to

Figure % uallUSo the ceﬁnﬁﬁwe@@cmabawea %9t @Rl DECREAES Tyt Pivaald is
t hrough the anal ytical consideration of whi ch cycle the-systemis in, the

changes g@leegiat etbheheATNIGLGIE DECREASE aCecLbeval hey - aaaarrat)euemsﬂnn
the system = the controller of the invention, continually noves the well,

when in e ofYCuel | vadde, tewarskta cbqne]asmg oI NIMEADf f SHAKE auP heRELEN
i ncreasing of the anount of production received fromthe well. If in the
gas wel IThaekaftewe, cbher syssemc@oeisntes 1P iaerbgere h8Bexh&dseldiyre ith at

maxi m ze the production fromthe well. |In the event that the system . |,
935, the DECREASE CYCLE value in the 011 well mode is greateﬁ_/

than or equal to 5, thé system moves to 940 at which: {a) the.
CURRENT CYCLE value-is'set equal to CURRENT CYCLE value plus the
SHAKE UP CHANGE; (b} the DECREASE CYCLE.value'is set equa; to
DECREASE CYCLE divided by 2; (c) the SHAKE UP CYCLE value is set
équal'to SHAKE UP CYCLE divided by 2; and td) the no plunger yet
condition register is set eéual to true. The system then,
similarly, moves to 919 shown on Figure 9B.

| Thus, it can be seen that by a Systématic processing of data
through  the analytioal.consideration of which cyclé-the system iﬁ‘)
in, the chaﬁges made since the LAST CYCLE value, and the other
parémeters within the system, the controller.of the invention,
continually-movos the well, when in an oil well mode,-towara a .
decreasing of the off time and hence an increasing of the amount

of production received from the well - If in the gas well mode,

the controller continues to increase the exhaust time to max1mize



reaches a point at which it is not cycli ngsghe pl unger;- i't" ei t'her increases
the off time or decreases the exhaust tine to insure that a conplete '
plunger cycle occurs. An 5 anal ogous operation should be understood with
regard to a gas |lift conpletion as illustrated above in connection with

Fi gur e-2. - Wi | &heaprodulcari centfadimthies wefl 1t heInntkateventh atimtbadhe system
descri bed, it is obvious that changes and 10 nodifications nay be
made t herei n amgashes ar goiint Wit Whidhdtsdepaadf ayeding ainel @lungen, it
the intent that the appended clainms cover all such changes and

nodi fi cati ons. eishey ipcreasescthevsif. time epidrereasss dde exhausf time
cyclic operation of a petro] eum or gas producing well having a notor val ve

connect ed bet wd€n ELREUFEL RE2Bf & hEMRYCLMdPAUNGEK sEFELSS OFFRES and AN

I ted_f. t within th i f t | L th tt
Pher ool 1o T hoanadRgomia bRarates, g e 1 ndenacet “t bt ABORFRw oal b
i [ to. hol asi t | ' :
the' met hod congrrstigs Goneret S fs L ERRKEEYRE e TRl Hoptioldand AR e
m)t.or val ve inﬁ%gredaérlce Wi t_h an off-time period, dur.i ng which

\J

While particular embodiments ‘of the invention have

been described, it is obvious that ~changes and

10 modifications may be made therein and still remain within
the scope of the invent:_'.on. It is the intent that 1;he

~ appended claims cover all such changes and modifications.
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sai d 'rm_tor valve is closed to prevent flow fromthe well tubing to the ffow
gales line, an on-tine period, during which said notor valve is open to,
;allow flow fromthe well 15 tubing to the flow sales line and a plunger . -
arrival signal; decreasing the off-time by a first pre-selected incremental
val ue each tinme a plunger arrival signal is produced prior to the R
expiration of the on-tine; and increasinggde off-tinme by a second
pre-sel ected 20 increnental value each tine the on-time expires prior to.
production ofcgapygnger arrival signal. 2. - A nethod as set forth in claim
1, further conprising the step of detecting the arrival of the plunger at
t he wel-l head and paoshetihegl t fer pongeoldingy dthai gpalicn aferatdsponet a
thereto. 3. A nethod as set forth in any preceding claim further '
conprising thetrelepm obr wgagi myodueing weldcthaelngpragmakfnl Fak¥eory
signal s indicative of the off-tine 111‘1_1111111111111‘,'&111 lll%ill peri od
and the on-tifenpestsd. between FhenJrbing At rthe iwehl aapdpredddngades m
wherein the nptor valve ig closed at th %)e inning of the off-ti eri od;
the notor Sval ¥&nesaBfefe PGS ﬁ?ﬂ’rgbt?% ‘?1‘8 @%ﬁ‘ﬂ??gt Vbﬁhﬁf‘ F}f?w}ﬁgrre
period; and th tor valve is kl%s @élﬂ?t ti i (gf‘i o] C I n
response to dgfeg&end" d?ﬁ?ﬁn& g%dorl va gﬁ%ﬁéa f gge tl%%rrr"g :’ﬁgdﬁggas:ﬁ:%
forth in any_8£§§§migﬁ&§&§nkfﬂm(%he well to the flow sales line in
response to downhole casing pr'essﬁré when the motor valve
"is open, the method comprising: : ' _ | W/
10 intermitting the opening and closing of the motbi:
valve i‘n accordance with an off-time period, during 'which
said motor valve is closed to prevent flow from the well
tubing to the flow sales line, an on-time period, .'_dﬁring
which said motor valve is open to allow flow from the well
‘15 tubing to the flow sales line and a plunger arrival signal;
decreasing'_the off-time by a first pre-éelected-
incremental value each time a plunger arrival signal is
produced prior to the expiration of the on-time; and \J
increasing the off-time by a second pre-selectéd
20 incremental value each time the on-time expires prior to
prod{iction of a plunger arrival signal.
2. A method as set forth in claim_l, further comprising
the step of detecting the arrival of the plunger at the
wellhead and producing the plunger arrival signal in
25 response thereto.
3. A method as set forth in any preceding claim, further

comprising the step of storing in a selectively

programmable memory signals indicative of the off-time

[




nckudes the additional step of: 10 I ncreasi ng tHé.otf-tihe peribd by
a thiYd presel ected increnental value greater than said second presel ected
Lncrenmental value in response to failure of the plunger to arrive prior to
the éxpiration of said on-time period on two successive cycles of
intermfting. 15 6. A nmethod as set forth in any preceding claim
whereinmthe length of the off-time period i &Q@ecreased by a first

presel ect ed ValgérQBdtQﬁﬁoiﬂéroHLtE%gobeEEgdyalue of the off-tine period.
7. A nmet hod for controlling the cyclic operation of a 20 petrol eum or

gas producing wgl| havihaghad"aEOse¥ak¥ethoneahgdpbateatngt bkaimbi whepéihhe
well and a flow sales Iine and a plunger nounted for movement within the
tubing of the wehe hoesxt halbet isnclbsedoatt thehbegkhhhngdofothar offt-timeds
fromthe well to the flow sales line in 25 response to downhol e casing
pressure vihen tperfroder tiwe vendtoropealveheisretdpstherbnpni siegporss edd nghe
val ue of off-time for the well during which the notor valve is closed and
the wel | isSshuexphratiosebécttheg of firdlime wexsedi rand othe HeoyRr| valvengs
whi ch the notor valve is open and fluids pass fromthe well; selecting a
val ue of exhaus€lepsd fand tHee weEE -§imenPesieth FAEMERESH %ﬁ\ﬁ??@?%ﬁéntﬁnd

the tubing is connected 5 tg the flow sales line; detecting the arrival of
the plunger at SRESGELPAcgaid piunger arrival signal. J _

5. A method as set forth in any preceding'claim, which
includes the additional step of: | -

10 increasing the off-time period by a third preselected
incremental value greater than said second preselected
incremental value in response'to failure of the plunger to
arrive prior to the expiration of said on-time period on
two successive cycles of intermitting.

15 6. A méthod as set forth in any preceding claim, wherein
the length of the off-time period is decreased by a first

. preselected value on the order 6f 5% of the value of the
off-time period.

- 7. A method for controlling the cyclic operation of a

20 pétfoleum or gas producing well having a motdr valve
connected between the tubing of the well and a flow sales
line and a plunger mounted for movement within the tubing
of the well from the bottom thereof to the wellhead to-

“_carry_liquids from the well to thé flow sales line in

25 response to doﬁnhole casing pressure when the motor valve

is open, the method comprising:
selecting é ﬁalue of off-time for the well during

which the motor valve is closed and the well is -shut-in;

A O A i




cyclically internitting the opening and closing of the mptor valve i .:°
accordance with the sequential expiration of off-tinmé on-time and
exhaust-tinme; 10 changi ng the value of either the off-time or the .
exhaust-tine in response to whether a plunger arrival is detected prios to
the expiration of the on-time on each successive cycle of intermttingsof
the well. 8. A nethod as set forth in cb&im7 wherein, the value of 15
the off-tine is decreased in response to detection of t he pl unger arrival
prior to the. exp|$eleehlsg aheabnet pfeon-gtime o ithel wel ls durigg whiieh
claims 7 or 8 wherein the value of the off-tinme is increased in response
to a failur etlt% ‘B%Y—‘éﬁtV?F\XepP-ﬁnQPPnalaF’id\/afll%qso@atﬁ? threomdhe atelky of 20

the on-tine. 10. net hod. as set forth [n any qf clalnB 7 to wher ei n
ihe value o theseYAEHLRG, Aruatel RE s&b&&smt&me bedd; ghring

" increnental e nse .t.Q detectlon t p arrival '
the expiratiBEE Hhe BRERRnYa13s" e She fiq Qﬁas%ﬁ?ﬁ%iehwﬁme@% 10
‘Wwher ei n Fhe-ﬁﬁjtﬁéoﬁléaesﬁigguiﬁ %IWE i s decreased by a second preselected

I ncremen val e in response to tdilure to detect the plunger arrival

-prl or to the expldé‘ﬁée&lﬁig %ﬁéli%%ivélléélt% pluia%er htlihe wellﬁead-'—

S the on-tine. - A nmethod as in any of “clainms 9 to
.further cycllcally intermitting the openlng and closing of the

* motor valve in accordance with the sequentlal explratlon of
off—tlme, on-tlme and exhaust-time; ' | W/
10 _ changlng' the value of either the off-time or  the
exhaust—tlme in response to whether a plunger arrival is
detected prior to the expiration of the on-time on each.
successive cycle of intermitting of the well.
8. A method as set forth in claim 7 wherein, the value of
15 * the off-time is decreased in response to detection of the
plunger arrival'prior to the expiration of'the on-time.
9. A method as set forth in cleims 7 or 8, wherein the-
value of the off-time is increased in response to a failurei \;)
to detect the piunger arrival prior to the expiration of
20. the.on-tine;
10. n.method as set forth in any of'claims 7 to 9, wherein.
the value of the exhaust-time is increased by a first
'preSelected incremental value in response to detection of
the plunger arrival prior to the explratlon ‘of the on-time.
25 11. A method as set forth in claim 10, whereln the value.
of the exhaust-tlme is decreased by a second preselected
incremental value in response tc failure to detect

the plunger arrival prior to the expiration of

R Y R




conpri-si ng the addi'ti onal step of storing said off-time ‘ontire; -and ..
exhaust-tine in a selectively progranmable 5 menory. 13. A nethod as in
any.of claims 7 to 12, wherein production gas is delivered fromthe
well to the flow sal es I|ne during said. ex st-tinme. 14. A nethod as in
any of xolaims 11 to 13, wherein said 10 nofQr valve is closed at the

begi nnifig- of the . off-tine period: said notor valve is opened in response
to the explrat|§$%ﬁ QTE}Q§T time period, and the on-tinme period and the

h d: and th | |
o 121 me peri 0a domehcBE UG o&fonth 187 ( P4 nE AN P BRcuflor "r‘e{rmﬁr
th t t

cxpi T ot on o e | B BBHdoRbIOToddh 108 BLUBPRD Bl e ruig

i ncl uding the sigp Gingdech és'u%}&édkek:eéﬂ@é’ il 'afres éb@@v%igrgﬁ I ec?ble

presel ected 20 increnenta e greater than sald secon

I ncr enent al galg@mkﬁqfesponse to failure of the plunger to arrive prior to
the expiration of sai'd on-tinme period on two successive cycles. 16. A
method as in anypf @ an@thdd 0a5, inhedgyn dfhe claimds 7ti 88 PEZj Odvlidrein
equal to the exhaust-tinme period. 17.. A systemfor controlling cyclic
operation of a [petadictiomwrgegnd spdediviergdvéEirbmhaiengedl nod otheaf Mew sales
connected between the tubing of the well and a flow sal es
11111111111111128pe Bamiing said exhaust-time.

) 14. A method as in any of claims 11 to 13, wheréin said
- 10 motor valve is closed at the beginninQ bf the off-time
period; said motor valve i's opened in response to the
expiration of the off-time period, and fhe on-time period
and the exhaust-time peribd are commeﬁced; and the motor
valve is closed and off-time pe#iod commenced iq response
15 to the first to occur of either the expiration of the on-
time period prior to the plunger arrival or the expiration
of the exhaust-time period.
- 15. A method as in claim 14 also including the step of
O decreasing the exhgust-time period by a third preselected
20 incremental value greater than said second preselected
incremental value in response to failure of the plunger to
'ar:ive prior to the expiration of said on-time period on
two successive cycles. |
16. A method as in any of claims 7 to ‘15, wherein the on-
25 time period is equal to the exhaust-time period.
17. A system for controlling cyclic operation of a
- petroleum or gas producing well having a motor valve

connected between the, tubing of the well and a flow'sales

AR R A




line and a plunger nounted for novenent within the tdphgg of the well ffom
the bottomthereof to the well head to carry liquids fromthe well to the .
flow sales line in response to downhol e casing pressure when the notor ., °
~valve 5 is open, the systemconprising: nmeans for intermtting the opening
and cl osing of the notor valve in accordance with an off-time period,
during which said motor valve is closed prevent flow fromthe well
tubing to the flow sales_line, an on-tine period, 10 during which_ said

mot or val ue +50@pRRdt 8 RINSFER FPWHAHR tFRX BOYCRRRE nYiEBinnENe| SWbiages
by o i ooy LBEI Held FHR CRBR: HOUHY CHRSEROT, K6 SO JPRT BeRfvER 15
[ | i duced ' to.th i rati f ot _ting. .and f '
Tnereasi ng (SAEFT Radad OsEOR R L BR1T & RS, Mgy TBaa 83 TR AR e
“th -t m | ' d | & ' | 120 '
18° CA syst eagRoEe PSP RRLANBIA NEdall ek ol ool EhdPhqtbl Balvel

arrival gf tje &é&ﬁ?efhéts&EEeﬂ?Ebﬁ%&és&%@:prOdUCing a plunger arrival
nse

signal in respo hereto. 19. A systemas in any of claims 17 or 18,
further includi ngna@agsrberistermigtiAgathel epbhniahy apaog aBw BB 8£28hEENDIY

. signals indicative of the off-time period and the on-tinme period. 20. A .
system as i maétyr otalrai if hédoxrdbhed wrldteran neffidt fle Nnpepsolpr dagtiagt i ng
- values of the on-tinme and the - _ o
- which said motor valve is closed to prevent flow from. the
well tubing_to the flow sales liﬂe, an-bn-time period, \J
10 during which-said motof value is opén_to allow flow from
the well 'tubing_ to the flow salés line and a plunger
arrival signal;_-
means for decreasing the off-time by a firét
preselected'incremental value each ;ime a plunger arrivai-
15 signal is pfoduced prior to the expiration of the on-time;ﬂ'
and |
means for increasing _the 'off-time by a second
preselected incremental value each time the on-time expireé B
prior'to prodﬁction of a plungér arrival signal,l
20 18. A system aé set forth in claim 17, inciuding means for
_ deteéfing'the arrival df the plunger at the wellhead and
pfodﬁcing a plunger arrivél signal in ;espdnse thereto. |
19. A system as in any of claims 17 .or 18, further
including'means for storing:in a selectively programmable
25  memory signals indicative of the off—time“period'and the
on-time period. |

20. A system as in any of claims 17 to 19, further

including means for selecting values of the on-time and the

AT




11111111 111111 11111111111 * C L M S * U ooff-tinme:ls 21,0 A
systemas in any of clains 17 to 20, wherein said intermtting neans
i_nc) udés: means for cl.osing the notor valve and beginning the 5 off-tine
peri od; neans for opening the notor valve in response to expiration of the
off-tige period and begi nning the on-tine pqﬁéod; and neans for closing the
notor valve and beginning the 10 off-tinme period in response to the
sensing of the piffrddmearrival. 22. A systemas in any of clains 18 to 20,
wherein said internmtting neans includes neans for closing the notor valve
and begi nni ng t R& .of & ts¥ELeRerag®dinnanyspdhselaigns|sl7 ek gati vhespinhgaid
on-time period. 23. A systemas-in claim?20, wherein said intermtting
means i ncl udes: iREAFRILEING SRANF tINCIHARST: val ve and begi nning the
sel-ected on-tine; 20 _ ans_for closing the notor valye,in.respon to
detecting the arrivaPﬁﬁnﬁtég%lﬁ%ﬁ§+ngr%§F %@qﬂﬁaYﬁﬁﬁ?eﬁ?%anglPﬂégg the
on-tine; anq?neagilfor cl gsi.ng, the notor val ve and begi nning the off-tine
o] i '

i n response S &N E.the arrival of

means for opening the motor valve in response to
expiration of the off-time period and beginning the on-time
period; and

means for closing the motor valve and beginning the

- 10 off-time period in response to the sensing of the plunger
arrival. ‘
22. A systém as in any offclaims 18 to 20, wherein said
~intermitting means includes means for closing the motor
valﬁé and beginning the off;time period in response to
_15 expiration of the on-time period. _
23. A system as in claim 20, wheréin said intermitting
means includes:
. means for-opening the motor valve and beginning the
U/ selected on-time;

20 means for closing the motor valve in response to
detecting the arrival of the plunger prior to the
~expiration of the on-time; and

means for closing the motbr valve and beginning the
off-timé in response to failure to detect the arrival of

25 the-plunge: pﬁior to ﬁhe expiration of the on-time.

24. A.system as set forth in any of claims 17 tb 23 which
aiso inclﬁdes means for increasing the_on;time peribd by a

third preselected incremental value greater than said

NN N




25 the plunger prior to the expiration of the on-t[ﬂe.324 A system:as®set
forth in any of clains 17 to 23 which al so includes nmeéans for increasipng .

the on-time
said 111111

two successi

by a presel eEBEANdaliNERATeMNA L ¥&LUS 58, FesPAnSey e de

period. 26.

period by a third preselected increnmental value greater tha

rl' »

11111 11111 second increnental value in response to fakure

~of the plunger to arrive prior to the expiration of said on-tine peri @ on

ve cycles of intermtting. 235 A systemas set forth in any of

clains 17 to 23, 5 wherein the length of the off-tine perL%ﬁE;s dgcr ased
IS P1

ti

. t fc trol)i t h | i ti f, t.r.ol
o gas pr oduBTHESRE! FonARTIg S Rt bRl bheT 6XRERABLPRd he ARttn SRS of
t he i1 and . || I Sj : X ' th i val
of Ca ol unges PAF HPfeolio iR, s esER T Hried T Sl Rmir g 09, | e AT VAL
. bl . s indi . ¢ ff ot . .
b O Tha P PRy ¥ 88| B EERk: 00 oty Oy | LURSAEL LY, P10,

whi ch the we
to be clear eahéfem \;!Vﬁ]g"‘qléng%@fj o lee@t@%ffl{m? pséié%d_d&gi Ae MG 033,

to be allowed to

well; 20
off-tinme per

10

I s to-be a on-tine peri

rom the ~after the fluids are cleared from
a pPB3B3ebebdCiAluBIonAithcMBrdery JfVE A RE ROG RAINME F Ghe

I od,;

off-time period.

26. A system for contrblling the.cyclic operation of a.
petroleum or gas producing well having a motor valve
connected befween tubing of the well and a flow sales line
comprising: |

means forldetecting the arrival of a plunger at the

wellhead;

15

means for storing in a selectivelj programmable memory

signals indicative of a off-time period during which the

re

i's
t he

o

well is to be shut-in, a on-time period during which fluids

are to be cleared from the well and a exhaust time period

.during which gas is to be allowed to flow from the well

20

25

after the fluids are cleared from the well;- 

means for cloéing said motor valve and beginning said
off-time period; |

o means for opening said motor vélvé in respbhse to the

expiration of said off-time period;

means for beginning said on-timé périod uéon opening
of said motbr valve; |

means for beginhing said exhaust-iimé period in
response to said arrival of the plungef-at the wellhead;

means for closing the motor valve and beginning the.
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means. for opening said nmotor valve in response to the expifatioﬁ of sdid
off-time period; means®for’ beginning said on-tinme period upon opening 25
of* said notor valve;, neans for beginning said exhaust-tine period in
response to said arrival of the plunger at the well head; means for closing
‘the no{er val ve -and beginning the 1111111 166111 1111111111111111 * C L

M S * Off'ti¥§ﬁgﬁ%L§g5§?FL§3p9g§§°§getQg Eﬁésfif€tg$9tcd%5 Blet BeEnbhe

expiration of tﬁg prio 0 sard arriva e plunger or

t he expiration %hétggpﬁégﬁgéb{%gnghgeg'Q@im; Period”?%ﬁﬁerB kRsHeas-Rgathe

val ue of the exhaus by a Tirst preselected increnental value

in response to §ai degeliyAingdr ! i PhHBOCEXPLFAEibA SXPi tMd OBxBAubRStime
on-tinme period; and nmeans for decreasing the value of the exhaust-tinme 10

period by a geeepd; preselected incremental value in response to the
pl unger not reaching the wellhead prior to expiration of the on-tine
period. 27. %A systemmeansetfddrihcreasiagmidte whilvke afsotheckexbievsteiime
for decreasing the exhaust-tinme period by a third 15 selected increnental
val ue greater pemrdod by d firsbrpreselected singrenental radiwehd® LESPANFEr e

-of the plunger to arrive prior to the expiration of said on-tine Reriod on
to said arrival of the plunger prior to expiration of the

on-time period; .and '
means for decreasing the value of-the exhaust-time
— 10 period by a second preselected 'incremenfal value in
response to the plunger not reaching the wellhead prior to
expiration of the on-time period.
27. A systém as set forth in claim 26, which also includes
means for decreasing the exhaust-time period by a third
15 selected incremental value greater than said second
.incremental value in response to failure of the plunger to
arrive prior to the expiration of said on-time period on
two successive cycles.
W, 28. A system as set forth in any of claims 26 or 27,
| 20 wherein said on-time period is equal to said exhaust-time
period.
 29._ A system for controlling the cyclic operafion of a gas
producing well having a first motor valve connected between.
the well tubing and a fluid reservoir and a.second motor
25 valve éonneqted between the well tubing and a gas sales
| line, comprising:. | |
selectively programmable memory means;:

means for storing in said memory signals indicative of

-
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two successive cycles. 28. A systemas set forth in.any of clalnms 26 or
27, 20 wherein said on-tine period is equal to sai'd exhaust-tine period. .,
29. A systemfor controlling the cyclic operation of a gas producing wel]
having a first notor val ve connected between the well tubing and a fl ukd
reservoir and a second notor 25 valve c%ggected bet ween the wel | tubiwdg
and a gas sal es Iine conprising: selecti%ély programmabl e nenory neans;

Guri ng whi ondr PA seber BoFsORCBAE LbOIAL P ERYEAE #Fe o b Sculs %é.ff'n‘éfr%ﬁl od

W thin whi chye Swéh V' BSekRalELaLifleHoli 8 Lilen 1] unath Hglgpre
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cleared from d an -tine er|o urlng

~“be-shut-in; Béaailb%ao'%%&he tTth aq 1baF R %eOffl%l%éda%:é @1&&%’3 ﬂ&cﬁr{‘e '
- first nmotor valve and beginning the on-tinme period; nmeans responsive to the

" expiration ofhth@e®N- hindEalQf fReimed gotiicd MudidReiSlch AN 15aidl wecond
not or val ve and closing said first. notor val ve and begi nning the

exhaust - t5 nebgeshat;-imgans responsive to the expiration of the exhaust-tine

period for closing the second notor valve and beginning the 15 off-time

peri od; means responsive to the beginning of a cycle for
opening the first motor valve and begihning the on-time
period; |

méans_ responsive to the expiration of the .on4time g;)

10 period for ;imultaneously opening said second motor valve
and closing ‘said first motor valve .and beginning the
exhaust-time period;:

means responsive to the.expiration of the exhaust-time
period for closing the second motérmvalve and beginning the

15 off-timé period;

.means responsive to the expiration of the off-time
period for reopening the first motor vélve and beginning
the on-time period;

'means responsive to the.arriva; of a plﬁﬁgér at the

-20 _upper ﬁoSt position in the tubing prior to the expiration
of the on-time period for simultaneously opeﬁing the second
-moﬁof valve and closing the first motor valve and beginning
the exhaust-time period;

means responsive to the arrival of the plungei at the

25 uppermost position in the tuﬁing prio: to the expiration of
the on-time period for decreasing the iength of the off-
time period on the next subsequent éycle; and

means responsive to the failure of the plunger to
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means- responsive to the expiration of the off-tine peri‘dd for Feopeni ng 't he
first potor valve and begi nning the on-tine period; nmeans responsive to the
arrival of a plunger at the 20 upper nost position in the tubing prior to
the expiration of the on-tine period for sinultaneously opening the second
motor wal ve and closing the first notor val 48 and begi nning the
exhaust-t'ime period; neans responsive to the arrival of the plunger at the
25 uppernost podF¥i¥R ah Ehe uppRINPst inesitiemdreglie anbimgopribe to- thee
period for decreasing the length of the off- tine period on the next -
subsequent cycl%¥Péﬁgth%%n€frggﬁdﬂ%Ttém?oP?ﬁé9¢afPHrengre@ﬁénglnhgelen@th
arrive at the q$€e£nnst ﬁOﬁltion I n éh& tubing prior to the expiration of
the on-time perPod #9rofhchimei RG*1RE AuriPH &he: Rexsr subsREUBBLI 6¥Cderi ng
t he next subseqygnt £ygl 0,. A systemas set, forth in _claim?29, wherein
the neans 5 forygtorgngygﬁﬁﬁuagssg%kg F%baﬁﬂ‘é%ﬁﬁﬂ%t (PEEFP MR rYedRENs
and an optieal gisp Lvely Oglr ) sai ry. wth said
time peri odgval ﬁ%ﬁég&{ﬂﬁ&&g g%&gé éeﬁ%%%%n%%%%r%? sﬁ)"évﬁﬂ@?m

Srer s o e8! RSB ] 5L 0P e VIR rdframing
connected t0o OpfiEd m&ERSFy WLOh ¥R dCtime period values.
| 31. A system as set forth in claimé_29 or 30, wherein each
of the means_for opening and closing motor valves include:
10 processing means; | |
peripheral interface adapter means;
a pair of solenoids connected to operate each motor
valve:
.a solenoid decoder connected between said peripheral
15 interface édapter and said solenoids} and -
data bus means interconnecting the processor with the
memory and said peripheral interface adapter to allow data
flow therebetweén and enable the processor to control the
/ ' soienoids based upon time period information stored in the
20 memory; | |
32. A system for éontrolling the cyclic'operation of a
plunger 1ift completion gas producing well as set forth in
claim 30, wherein the systém is battery powered and which
also includes:
25 power save gating circuitry to power down all analog
circuits and all digital fﬁnctions other than timing and
memory to.conserve power; o

a real time clock; and

A



a sol enoi d decoder connected between said perlpheral.iS |nterface adapter
- and sai d sol enoids; and data bus neans interconnecting the processor with , :

the nmenory and said peripheral interface adapter to allow data flow - ok
t her ebet ween and enabl e .the processor to control the sol enoids based- up@n '
time period information stored in the 20 mory. 32. A system for -l

controlling the cyclic operation of a plunger lift conpletion gas producing
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whi ch al so i ncl udes: power save “gatin power- down al

anal og CIrCUIféaﬂndtﬂhé depberl bHnchi wihered r1gﬁén|k€¥yg$dg§nmgbg()
conserve power; a real tine clock; and 11 11111111111111111 nmeans

responsi ve todiegbll.angpeth@dlpbv&mndasfé‘remrbhetﬁ:?m ahd MsupEOK Ry Fulilgnal
#dromthe key-board for disabling the power save circuitry and supplying
full operati ngpqauaelngopbbmrsyst ¢ie ByB&ill 111111 111111111111111 * C
L M S

* ¢ L MW 5 x



