21 WELL VALVE CONTRCL SYSTEM The present invention relates to a systen1for
el ectro/ hydraulically controlling one or nore renotely | ocated valves

nore particularly, to a systemfor controlling one or nore melg ﬁ I.L
order to optim ze testing of hydrocarbon pro- ducing formatio he syst m
ak5o provides for nonitoring of selected paraneters such as pressure,
tenperature, and val ve position. Each underground hydrocarbon producing
forgati on, known as a reservoir, has itslown characteristics with respect .
t® perneability, porosity, pressure, tenperature, hydrocarbon density and
rel attve nmixture of gas, oil SBLLNMALVEMCAONTROIhGYSTEMtiI on. The cost of
bui ldi’ng and maintaining a | arge of fshore oil and gas productlon facility
can €dsily exceed $500, 000, 000 over the life of the facility. Therefore,
extensive testing, sonetines for many nonths, nust be conducted of each new
reservoir before the conmtnent to establish an offshore production
facility can be justified. Testing of offshore exploratory wells typically
requires a sophisticated systemof flow control valves at various |ocations
within the well bore, on the ocean floor, and on the drilling vessel.

-2- These val ves are designed both to control formation fluid fl for
optimumtest results and for safety during energency conditions such as a
stormforcing the drilling vessel to | eave

The present invention :elates to a’ system for electro/
LJ/ hydraulically controll;ng one or more remotely located valves,
and more particulatly, to a system for .controlling one or more
well valves in order to optimize test;ng of hydrocarbon pro-
| duc1pg formations. The system also provides for monitoring of
selected parameters such as pressure, temperature, and valve

position.

Each underground hydrocatbqn_produciﬁg formation, known
as a reservqir, has its own characteristics with respect to
permeability, porosity, pressure, tgmperature, hydrocarbon

"\ density and relative mixture of gas, oil and water within
the fbrmation. The cost of building and maintaining a large
offshorg oil and gas production fécility can easily exceed

'$500,000,000 over the life of the facility. Therefore,

extensive testing, sometimes for many months, must be conducted
of each new teservdit before the commitment to establish an
offshore production facility cah be justified. Tésting of
offsho:e exploratory wells typically requires a sophisticated
system of flow control valves at various locations within the

well bore, on the ocean floor, and on the drilling vessel.



the well site. Exanples of surface and subsurface well testing equi pnent
are, shown on pages 5958 and 5959 of the 1980- 81 Conposite Catal og published
by d Ol. Suitable apparatus to control fluid flow through a subsea

' is shown in Taylor Patent No. 3,411,576, issued Novenber 19, 1968.
.Taylfor~J ®aches the first use of subsea test trees (SSTT) suspended in the
and associ ated bl owout preventers to control fluid flow during
offshore wells. In the TayTor patent nultiple valves with their
operatorg are left in the wellhead, and the production string above the

“wel | head i L& eglohSebequired, such as . during adverse. -
meathertxﬁkﬁ +gﬁ%fgtéﬁgﬁe3%?§¥§ﬁ§aoﬁaghbggag?ggfo}rg@E“&ié°§hgﬁgipg§§E§#§
atents t : LS d y 948. u ' -3, , 6

Ssucd Ui, CGURR tespopesarepoahe "cHE ehtery dinip Merdtneys s,
Patent 4 Jbhdrigide ek M Sebea' fofdiny the H21£3ind 9L3s81°tb01cave
Burchus Q Barrington et al disclose subsea™test trees si gned f or 'B :
wat er wel |tipe twsll Bite, Patent 3,071,188 to G M Raulins discloses a latch-
assenbly satis- factory for use with the present invention. The above N
referenced pat elBxarplkes mbrgurface d4nd abbsprfaceceellt beBtihgSequipment
appl i cation. -3- Under certain

ci rcunst am,smn iuipages A8 vand 5983t ofigthe 1980+81ccompesttet of

time may el apse between _
! y Caé%log published by World Oil.

Suitable apparatus to'cohtrol fluid flow ﬁhfough a subsea \J
wellhead is shown in Taylor Patent No. 3;411,576, issued .

- November 19, 1968. . Taylor teaches the first use of subsea test
trees (SSTT) suspended in the'wellhead and associated blowout
preventers to control fiuid flow during testing of offshore
ﬁells. In the Taylor patent multiple valves with their |
opefators are left in the wellhead, and the production string
above the wellhead is released when a disconnect is required
such as during adverse weather conditions. Later versions of
subsea test trees are shown in the patents to Aumann, No.
3,955,623 issued May 11, 1976; Young, No. 3,967,647 issued July
6, 1976; and Helmus, No. 3;870,10; issued March 11,.1975. U. s.
Patent 4,234,043 to William M. Roberts and U. S. Patent
4,375,239 to Burchus Q. Bartington'ét al disclose subsea test .
trees designed for deep water well sites. U. S. P&tent .
3,071,188 to G. M. Bauliné discloses a latCh.assémbly'éatis—
factory for use with the present ihvention. | .

The above referenced patents are incorporated for all

purposes within thig applicition.'



Sinitiation of a hydraulic control signal onboard the drilling vessel and
the response of a renptely |located valve to this signal. Various el ect
and 'acoustic actuators have been devel oped to reduce the el apsed tine
‘before a subsea test tree responds to a signal on a drilling vessel.
limtation of such prior art systens is that spurious electrical or
acoustic signals may trigger undesired and possibly even dangerous val ve
opegrations. As reservoir testing techn696gy becones nore sophis- ticated,
more i s | earned about testing procedures and data requirenents to
accurately evalu { | of VOl 11, 1S GlE - m

whi c\ggpr ovi-des fg:}rn reeéqi%ai%aqéln(f %ﬁ%‘pﬁ%ﬁﬂ %aiofi%dalﬂltgt}f%eﬁ/ v?:é/oéréfol
val veg wi | le de@iinyV e [t - TeTo ot é%HB | 2 System -
whi ch c:ons{taelr?{glif/.@rﬁ)nalt ??rggﬁ?r&i t cafgmv\%é #af?n%é%r’%%fsyst eén% g%etr‘getﬁg limts
and val ve §phdledatidis o a Wyardnlic Yondl tﬁijlﬂi_rg ciibbard WWfe @ 11ing
correl ati on between neasurenents of formation fluid flow and equi pnent
changes af esisiedg and thid awespidnseo-ofra remotre Xye dova tagl) valivaer td tthis
opportunity to neasure nmany paraneters and to rapidly respond to changes in
t hese parasdgead. Mariious gllectticaladnd tacquahiiciactuatidns hawg heetbl e
system whi ch can quickly and reliably operate nultiple flow control val ves
remot el y | 88Xed@Prdo 0 redNcen ithey adinsedy time: bafare & mubaea ttesthtree

change in a vaIv%'s -4- status. The pr.esent inv_ntionéncwiﬂes suchgtﬂl
pr ogr anmabf@sponds to a signal on a drilling vessel. One limitation o

such prior art systems is that spurious electrical or acoustic

W,
_signals may trigger undesired and possibly even dangerous valve

operations.

As reservoir testing technology becomes more sophisé
ticated, more is learned'aﬁout testihg procedures and data
requirements to accurately evaluate the size of a reservoir.
It is clear that a system which providés for reliable and
quick operation of various floﬁ control valves will improve
the accuracy of well testing. In addition, a system which
constantly monitors critical well parameters, system operating

o/ limits and valve status adds to the safety of well testing and_

| allows better correlatioh between measurements of formation
fluid flow and equipment changes affecting this flow. Micro-
processor”technoloéy offers the opportunity to measure many'
parameters and to rapidly respond to changes in these
parametefs. "It is highly desirable to provide a fully
programmable system which can quicklyjand reliably operate
multiple flow control valves remotely.located from a central

lqcation and measure responses to any change in a valve's



capability to optinize both safety and acéuracy of well testing. The val ve
control systemof the present invention is not limted to controlling
' \renotely | ocated val ves during well testing. The system can be

- nmodifitgd Yo control renotely |ocated val ves during |long term production

. frongﬁ‘ ofl and gas well or any other systemof renotely | ocated val ves or
hyfraMl i ¢/ equi pnent. The present invention is described for use in a well

\ gystem whi ch has a retainer valve with a | ocking nechanism a

. 'su est tree, and an enmergency di sconnect |atch assenbly. An object of-
the presegiatdeNtTRe pSesenk’ PHvERLIBAC PROViIdeD L 'f%ﬁyja&%@z%% .

nmeasures various well paranmeters, analyzés those neasurenents ase uﬂ&h _

pre- prograpateil Ceysteleoptinize BBEICgafedyS ah%”ﬁb%'u&a@c%tfedve‘ig! \t%%tti?."si*‘: |

provi de for optinmum production testing fromthe well. Another object of “the

present inventiThe ivalwe peonttelasyggtemmofhichie Fﬂ@bﬁﬁQSihb@Wﬂ@@ﬁ”ﬂﬂ not

val ves, paraneter sensing .equi pnent, programmable electronic controllers,

and hydr akimited ctoncentrellbngopudtiplandemoteilyy lobatedovalvels duridgves

for optinmum formation testing. In addition, the systemcan nonitor such -

par anet ermelk teating c Thepsysteni capr besmodifiedutol ebatrplesemotelyal ve

position,, wellhead production fluid pressure, wellhead production fluid

tenperatdﬂfaqﬁéﬂqﬂisz d“E#n%r%GﬁﬁtEsﬁmfPSQﬂPEFéPnrfsem pncoddr endsystem

t enperat ure, .
P %as well or any other system of remotely located valves or

hydraulic equipment. The present invention is described for U
use in a well-testing system which has a retainer valve with
a locking mechanism, a subsea test tree, and an emergency

disconnect latch assembly.

An object of the present invention is to provide an
electro/hydraulic system.which measures various well
parameters, énalyzes those measurements based upon pre-
programmed considerations, and controls remotely located
valves to provide for optimum production testiné from the
well. |

Another objéct of the present invention is to provide a
system which includes flow control'valves; parameter sensing
equipment, programmable electronic controllers, and hydréulic
acéumulators-for opening and'cloéing the flow control valves
for optimum formation testing. 1In addition, the system can
monitor such parameters as hydraulic supply fluid pressure,
accumulator pressure, valve position, wellhead production fluid

pressure, wellhead production fluid temperature, wellhead

2

3



ol tages at sel ected conponents, contact closure, and |atch position to/
optim ze production testing fromthe well. An additional object of the [.
present invention is to provide visual and/or audible warnings to pers
‘conducting well testing when a critical paraneter exceeds progranmed
limts. The present invention allows these limts to be easily changed for
various well conditions. A further object of the present invention is to
enggre that the latch assenbly which jg%ns the subsea test tree to the

préduction tubing string thereabove isTMHot activiated by a |oss of

‘el ectrical gpmictivn Bidweardte,) uf feséf s i £é PPEPSESH Of enlpd P ttustd)S
system. The latch assenbly is activated only by reversing the polarity of

t he WVect rivodltagegnalt agiEdted (domminentsotdent abh eclosure ¢ ndrizsst
invention is to provide a system which can be used to train personnel to
conduct ‘ welpoaidsiom i Rrtini sr) preducbion ttestingdfrom thewelkesponse to
various energency conditions. An inportant feature of the present invention
is that comand @yRdddtdanale bieqinofthe Rresenpcinvention tik tenote

| ocation, stored in a prograqpable nmenory, transmtted back (echoed) to the

central | oPRIGAS JHiERAY RRG/RTF LRI NITRIRGRIR REGIRANGL RORIRSH NG

Compari son it PR SRS G ST AP 9SS FeR TRt erote

- 6- limits. The présent invention ailows these limits to be easily
éhanged for various well conditions. -

A further object of the present invention is to ensure

. that the latch assembly which joiné the subsea test tree to the:
production tubing string thereabove is not activiated by a loss
of electrical power nor by the failure of ény'microprocéssor
within the system. The latch assembly is activated only by
reversing the polarity of the electrical signal supplied
- thereto. : |

Another object of the present invention is to provide a
system which cah be used to train personnel to conduct well

\_/ testing under simulated conditions and the proper response to
various emergency conditions. | -

An important feature of the prg#ent invention is that
command signals are sent from the central location to the
remote lgcétion. stored in a progrgmﬁablé_memory, transmitted
back (echoed) to.the central location for validation, and a
unique enable signal sent from the Central location prior to
any respénse to the cﬁmmana #ignal; Constént comparison and

validation of signals between the central station and remote



ensure electrical ‘continuity and that conponents are functioning

nl atichi ng the SSTT fromthe production tubing string thereabove. Another

I yportAant feature of the present invention is. the use of a nonitor having
r/graphics capability. Such a nonitor provides. rapid, visual-
verificati-on of valve closure or |atch abtuati on by- changi ng the col or of

the appropri *.&Qi:§8|!:a¥n§ﬂrée§EQEE§1EQ1%89@'1%‘31‘::%%%?&;%%‘?'c% nents

par anet er. %H;qlc capabil | ver r erson
training. A sS3¥¢| eEPtBFfPHEOEFéYen’%Ol A-dami oﬂomsmmd medili de
an el ectro/ hydseihge systen1 for oil/gas. production testing which |SH£
fully programmabl e a QWs. .periodic

re-progranming th ngEEEEOSHPﬁﬁgt8¥oﬁgea§§88335f1?ﬁ§“§ﬁ€§bﬁ? A8 on
there is. promleiplef commandsr do sgkbveen themssSTY ror fopl toaunlatathing

sol enoi d val vege dksfr| ££ah! PRe’ BPBUGCELBH SuBeAb! @kfmgatthzgea%@ afirst

M croprocessor a cation Opera
second n1croproces&@@tb?rtﬁ@BQﬁﬁﬂﬂ&Iﬁﬁﬁﬁ?@h OﬁhéﬁﬁrwrﬁégsécGMHentlon

M Croprocessofgifhe OREE AbEVE! Mohwlsedhaeﬂa&ecaQbenngpnaL:\ée%aptamqq&tyr ol

openi ng and cl 0sing thereof, the fjrst m cr.oprocesso ted to
P st ComMh ChorPRLEDE | I QUSRI PG (LSS0 1TRE DHLART IO OF ¢ he

val ves, and telseccehosureropr baeshoactaatidapbgdchangdamuithaaicdlor of
the appropriate display in response to a change in the ¢
associated parameter. Color graphic capability is very \*)

helpful for personnel tralnlng.

A still further object of the present 1nvent10n is
to provide an electro/hydraulic system for oil/gas
production testing which is fully programmable and has a
display panel which allows periodic re;pfogramming
thereof. | ' '

According to one aspect of the present invention
there is provided a flow control system, comprising a
plurality of solenoid valves at a location remote from a
central location, and a fifst microprocessor at the
central location operatively linked to a second
‘microprocessor at the remote location, wherein the second W,
microprocessor is operatively 1linked to the solenoid
valves to control opening and'closing.thereof, the first
‘microprocessor is adapted to transmit command signals to
the second micreprocesspr for operation of the valves,
and the second microprocessor is adapted to communicate
with the first microprocessor upon receipt of said
command signal to verify the command before causing the
valve to which the command relates to operate. |

Accordlng to another aspect of the present 1nvent10n
there is provided a method of operating remotely located
primary valves comprising:



with the first mcroprocessor upon receipt of said command signal
verify the conmand before causing the valve to which the comand rel atg
t.o 6perate Accordi ng to anot her aspect of the present invention therg
provi ded a nethod of operating renotely | ocated -prinmary val ves conpri%
- 6a- a. supplying operating fluid froma central |ocation to each
renotely located prinmary valve; b. controlllng the flow of operating
fluid to each primary valve by actuati off 68 a renotely | ocated sol enoid
pil ot valve; ca.. esuppuygngcopﬁ&adangfEﬁuldpﬁﬁah:arceakraqaqugdﬂwd@aﬁb
val ve~<into a first r (o]4 ! entra ocation and -
trangmi-tting the c ﬁggﬁdegﬁgegi c%ﬁ %Fgr rgggégégPlygnntely | ocat ed near
the priot valves; deontrpdddngttthg flew ofmepdratingi vEluidy td heach
second mi cropr ocessghhaﬁ Vel byl Shcthat p0R OGS Alltbedly d30dALdhat
t he conmand recei ved enot e ['ocation -agrees, t t conman
sent from the cenff PnP& aPP&Ht Y¥@4ve€:  actuating the appropriate
pilot valve &olloenbgringi debnpan@s tber cspavik it eioed dakr hpriaaeqd

h r n | vention
m croprocessor. Accgagl 29 {3 &gt hglrsaép%citcrgprtocee ot & e central

location and transmitting the command to a second
microprocessor remotely located near the pilot
valves; '_
: d. transmitting the command received by the second
o | microprocessor back to the first microprocesspr and
| validating that the command'received'at the remote
location agrees with the' command sent from the
central location; and | | |
e. actuating the appropriate pilot valve following
validation of the command received by the second
microprocessor. | ' |
According to another aspect of the present invention
there is provided a system for controlling well testing
hauing an upper and lower test string'with a subsea test
tree cSnnected therebetween and iatch means to release
the upper test string from the subsea test tree
comprising: | a
a. first and seeond | selectively programmable
| . microprocessor means; |
b.'_ means for storing system operat1ng limits in each
mlcroprocessor means; '
c. means for changing the operatlng 11m1ts in response
o to changes in well conditions;
d. means for communicating operating fluid pressure to
the subsurface test tree;
e. solenoid pllot valves controll1ng the flow of the
operating fluid; _ _
f. the first microprocessor means located at a central



there is provided a systemfor controlling well testing having an upper and
| ower Y est string wth a subsea test. tree connected therebetween and |atch
0 release the wupper test string from the subsea test tree
INg. . a. first and - second - selectively progr amabl e -
odessor neans,; b. neans for storing systemoperating linmts, in
m cr/opr ocessor neans,; c. - neans $@p-changing the operating limts,
nse to chapgesrol Ne éélgond|t|ons d. means, .for communicating
operating fluid pressiure to the subsurface test tree; e. sol enoid pil ot
val ves contr &{ i ngthee s8R BERECBEEFEEERY  PERRAS. flocaged meay the __

m cr opr ocessor neag§1é@§gaedaﬁ¢eg.central
-6b- control .console

) ot
cond l, t d
D OOl O Sing ror | DEan R E PO hd SR PRBPlalCEHE: ch2RE! Rl
and second m croprwmi)rmaudprabedabrsg arik wadtddactingf tlhee acgrzhey and
. electronic cigc é351%§5}§pnaé operation of the solenoid valves
na

in response to validated si ccording to another aspect of the
present ,nveﬁqqon electronic circuits to control operation of the

solenoid valves, in response to valldated signals.

According to another aspect of the present invention
there is provided an electronic circuit to control the
operation of valves remotely 1located from a central
‘control console comprising: _ - U
a. selectively programmable microprocessor means to

receive signals from the control console;

b. solenoid valves electrically connected to and
controlled by the_electronic circuit;

c. the microprocessor means and 59lenoid Valves,located
adjacent to each other;

4. peripheral interface adapter means;

e. a solenoid decoder connected between the peripheral
interface adapter and the splanoid_valves;'

f; the microproéesépr - means, transﬁiﬁting commands

| received from the central éontroi'consplé back to
the console for validation; and

g. signal bus means, interconnectiﬁg the micrdprocesspr o
means with the peripheral interface adapter to
permit data flow therebetween and to enable the
microprocessor means to control the salenoid valves
based on validated 51gnals. -

‘Other objects and advantages of the present
invention will be read11y apparent to those skilled in
the art from sﬁudylng the written descrlptlon in
conjunction with the drawings and ciaims.

FIGURE 1 is a schematic drawing of a drilling vessel
and well testing equipment including a subsea test tree



'there is provided an electronic circuit to control the operation of valves,
rrgtel y located froma central control,console conprising: a. :
sel ctively programmable mcroprocessor neans, to receive signals,

the control consol e; b. solenoid valves. electrically connected tq
and controlled by the electronic circuit; c. . the mcroprocessor nean
and sol enoi d val ves Iocated adj acent to e ot her; d. peri pher al

i nterface adapter ,neans, a sol enoi d decoder connected between the

peripheral int baving a%l]a?ﬁ%?l%"f‘lh amng s’&Y%‘FHl‘?alﬂYé;*reﬂs copgpructed in

i Cr op{ 0CEeSSOr ackexdancle’ witl tmmgeawnwsd%fr LR \{:Q‘ésferanﬂn'%%r&%@rI al
contKgl consol e bac%lhﬂgﬁhe cqggole fg Ildqélon and nal

means™ i nt er connect i e i ctop? 0 EEEEEP S han raying Ofe ﬁ%?lﬁ&@ﬁ%ullc

i nterface adaptsms.tteu Fndyi rediatedf icomponentisctamest antt éd dnallcedridance

M Cr oprocessor wgefnNghet 0 control the sol enoid val ves based on validated
signals.. Oxher objects, and advantages of the present invention wll
be readily apparent to those skilled in the art from studying the
witten description in conjunction with the drawings and clains. FIGURE 1

is.a schematic drawing of a drilling vessel and well testing equi pment
i ncluding a subsea test tree



-6¢- having electrical and hydraulic systens constructed in accordance

| e teachingsof the present invention. FIGURE 2 is. a schematic

o\of the hydraulic system and rel ated conponents constructed in
acqordarice with the -7- teachings of the present invention to operate
testing equi pment of Figure 1. FIGURES 3A and B are schematic

of the electrical systemand el ated conponents constructed in
ageQrdéiance with the teachings of the présent invention to control and

) [ the well testing equipnment of Figure 1. FIGURE 4 is a block diagram
of an el ectropic control cabinet and related conponents used in conjunction
Wi th the EraEhings) OF, Ehe Brapeptoandent Lon toaonaraYe: the vell tRALLH

di ac . ' . - trical ci it sh in Fi 3A. FI @RE
G PO A ki BRERt RS F e he key bad | et ot o Che blent Pon ¢ cont ol
bi t of Fi El 7 . i i | f
ot ot ol efainegl 5K ERa e GretUndu ALY B AHE U e
el ectroni £¥£ E&a@hd%@i&@&d%oﬁ?ﬁﬂ&ﬁfé gphmuwe'a &%Sua&ragr{a@!v&aém
n ng (0] (0] S IS snown

arrangemne or conducting test shore ol and gas we S sl

in Figurecle €0a6h2hg8NOLTRAE bPEebEARS ihventiida W' ontFd10Mnd nbritdNg

vessel 10 |ocated :
the well testing equipment of Figure 1.

FIGURE 4 is a block diagram of an electronic control
cabinet and related components used in conjunction with the K.)
~electrical systems of Figures 1 and 3A.

FIGURE 5 is a block diagram of a portion of the elec-
trical circuit shown in Figure 3A. -

FIGURE 6 is a schematic drawing of the key pad located on
the electronic control cabinet of Figure 4.

FIGURES 7, 8, and 9 represent various displays of infor-
mation, equipment stétus, and command signals available on the

electronic control cabinet of Figure 4 during well testing.

A typical arrangement for conducting testing of offshore
0il and gas wells is shown in Figure 1. This arrangement |
includeé floating work station or drilling vessel 10 located
over a submerged well site 1ll. The well comprises well bore 12
lined with casing string.13 exfending from wellhead 14 to a
potential underground hydrocarbon producing formation 15. A’
Plurality of perforations 16, near the lower end of casing
string 13 and extending radially therethrough, allow fluid

communication between formation 15 and bore 17 of casing 13.



*over a subnerged well site 11. The well conprises well bore 12 lined w
casing string 13 extending fromwel |l head 14 to a potential underground/-
hydr ocar bon producing formation 15." A plurality of perforations 16, near
‘the ower end of casing string 13 and extending radially therethrough,"
.allow fluid communication-between formation 15 and bore 17 of casing 13~
Vel | head 14 includes bl owout preventer_gstack 18 with marine riser 19
atgached thereto and extending upwardly to drilling vessel 10. Marine riser
19-has bore 20 extending therethrough and concentrically aligned with bore
‘21 through wel | heiedllhéaind Hdrellided Dlasiouwr Preventler stdk 8 avith can be
dril.l'ed, t'ested, and conpleted through aligned bores 20, 21, and 17. '
DrilU¥ng veasdinel@ igeayilde atitached tihexe tow @nd @xterndiliy wwardly 28 and
associ ated equi pnment to acconplish these tasks. After well bore 12 has been
drilled, fdridiliiag Vesmed: U t Mardche aricereld has bardee 20 Extending
reserves of oil or gas justify the expense of further conpleting the well
site to pl 4berethreughc ante consentri®adiliyorlignsgd wdiith thene 2} ithrough
frequently conducted by installing production test string 25 between

drilli Sg veeddhend d4qande bATE té?for%%r%ﬁlﬂ% e, Reldh&hte g e
1, ti { tri 2 { it ' tnr.ou ,
and 17 andes driitel whkeed, “and Conritlad Liiidich iUty BUre 28, v

nstal! andpheIe eSSk Wetaa 0 Gvidths RHd BARAVEH Ny i

formation production teést string 2 suspen
22, derrick 23, and associated equipment to accomplish these

— tasks.

After well bore 12 has been drilled, formation 15 must be
tested to determine if the recoverable reserves of oil or gas
justify the expense'of-furthez completing the well site to
place it into commercial_producfioh. Such well testing is
frequently conducted by installing production test string 25
between drilling vessel 10 and the vicinity of perforétions
16. As shown in Figure 1, production test string 25 extends
longitudinally through bores 20, 21, and 17 and is concen-

LJ/ trically aligned therewith. Derrick 23 is used to install and

| remove test string. 25 as required. During'normal tésting of

formation 15, production-tegt stfing-zs may be suspended from
ané supported. by wellhead closure 24. Test string_25'cohprises
two main portions, upper test string 25a and lower test string
25b, releasably engaged to each dthet:by latch assembly 61.
Well packer 27 is carried'by lower string 25b to form a'fiuid
barrier with the interior of casing 13 adjacent thereto above

perforations 16. Weli packer 27 directs formation fluid flow

into production test string 25. Various downhole well tools 28



and_supported by wel | head closure 24. Test string 25 conprises two main
ns, upper test string 25a and | ower test string 25b, rel easably
to each other by latch assenbly 61. Well packer 27 is carried by *

t hereto above perforations 16. Wl |l packer 27 directs formation
4/l ow i nto production test string,25. Various downhole well tools 28
be included within | ower string 25b. Exanples of such downhol e
tools are | anding nipples, subsurface safety valves, flow control

" valves, phrASSHeE it JRDANIE® 16w IPEEingt 251 St aBkARgLEs ST bl deck
22, upper string 25a includes surface test tree 30 and associ at ed valvésﬂ

whi ch conidowntidlé dvdllovtdolsndpstlanding Ripples, apubepriate gabdtgt i O -
tést facilities (not shown) via flowine 31. Upper string 25a al so

i ncl udes sedives atfilvaprontrahambivesl) pressyce and ctemperaturat or 50

di sposed within marine riser 19 above well head 14. At nospheric chanber 40
i s prefer &fopr@ense®iht o two separate chanbers 40a and 40b. Additiona
hydraul i ¢ accunul ators 50 may be, added as_required. These ﬂDdIIlcatIOHS

wi Il be expl ai néFaxkintg 8t HREking etk 2hor eﬁwﬁ?’%%&t?ﬁﬁ ﬁﬁb%¢e§tring

252,15, 2 R S SR SHE R hted £ SRR Cedbace

normal Iy raio3e G i ée%r&qﬁ% B8 WS aPbiopr FAEd "Wr SHEEOFEEYtest |
fécilities (not shown) via flowline 31. Upper string 25a also £~)
includes sealed atmospheric chamber 40 and hydraulic accuhu-
lator 50 disposed within marine riser 19 above wellhead 14..
Atmospheric chamber 40 is preferably divided into two separate
chambers 40a and 40b. Additional hfdraulic accumulators 50 may
be added as required. These modifications will be explained
later in detail. - |

- During normal well testing, upper string 25a is attached

to and communicates fluid with lower string 25b via subsea test
tree (SSTT) 60. Production test string 25 including SSTT 60 is
~normally raised and lowered as a sihgle unit. Dﬁring ehérgency o/

conditions when drilling vessel 10 must be moved quickly away

'from.well site 11, latch_assemblf 6l is incorpotated inﬁo SSTT

_60 td disengage upper string 25a from lower string 25b. The

portion of SSTT 60 containing valves 62 and 63 along with lower

string 25b is ﬁhen'left suspehded-from wellhgad 14. Valve§'62

and 63 are designed to close during such emergency disédnnect

to prevent undesired escape of well fluids from lower strihé

25b. Preferably, éSTT 60 is designed to allow at least one.set

of blowout preventers 18 to close when latch assembly 61 is



*conditions when drilling vessel 10 nust be noved quickly away from well .
s{te 11, latch assenbly 61 is incorporated into SSTT 60 to di sengage
string 25a fromlower string 25b. The portion of SSTT 60 containing VA
‘62 and 63 along with lower string 25b is then |eft suspended from wel )
14. Val ves 62 and 63 are designed to close during such energency di ScORNe¢
‘to preevent undesired escape of well fluids fromlower string 25b. o
P(eferablyr SSTT 60 is designed to altl@w at | east one set of bl owout
pkeventers 18 to close when |atch assenbly 61 is -10- actuated to allow .
‘renoval ofaahuateditd allosn remoeakhf cuppenns S6ING a2%R ¢ atdm exanpls of

satiStactory for use with the present invention is_ disclosed in U S

Pat agy Apfi SATToendJakeh, bty apkigtactory komdise withgghe Hydr aulic
control mani fold 35 | ogated ,on rkjn eck 22 contains pu val ves,
gauges, alP(feﬁed\ch Wﬁ'@&%ﬁrﬁi’ﬁ%&#t%‘ o‘gterét é%?%‘ﬁprgﬁ%‘ﬁi@?

‘downhol e |.1s wal . ? ' ur nduit 37 conmmuni cate
hydr aul i c\g%orr"llt‘a\r'/l'oln §id rd%ﬁoﬁ%%%%ﬁﬁl%ﬁ‘ 50. In Figure 2 the
control fluid systemis shown in nore detail wth two accunu- |ators 50a
and 50b for increased downhole control fluid capacity. The nunber of

accunmul ators can be varied as required. Each accunul ator 50a and 50b is
essentially a llarge cylindrical fluid reservoir carried by upper string
25a. The capaci HyarhuddeuBontirdls i foll BY 1scdesd Breded ik ind @edr! 22 pl e

cycling of all downhol e equi prent foll ow ng danmage to
contains pumps, valves, gauges, and fluid sources normally used

\~) | té operate an SSTT and other downhole well valves. Hose reel -
36 and.high pressure con@uit 37 communicate hydraulic control
fluid from manifold 35 to accﬁmulator 50. In Figure 2 the
control fluid syétem is shown in more detail with two accumu-
lators 50a and 50b for increased downhole control fluid
cééacity. The number of accumulators can be varied as
required. Each aécumulator 50a and 50b is essentially a large
cylindrical fluid reservoir carried by upper string 25a. The
Capécity of accumula:ors 50a and 50b is designed tb allow
multiple cycling of all downhole equipment following damage to
'céhduit 37. uo§ab1e piston 51 divides each accumulator into
two.variable vélume chambers, one for a nitrogen charge and the
other £o recei?e hydraulic fluid from conduit 37.. The use of
nitrogen cha:ged.accumulatp;s is a well-known means to maintain
a downhole supplj of control fluid at a reiatively constant
pressure for operating well valves. In Figure 2 the control
fluid chambers of accumulators 50a and 50b are connected in-
séries.with éonduit 37. Alternatively, the control fluid

chambers could be connected in parallel with conduit 37. For



conduit 37. Myvable piston 51 divides .each accunulator into two variable
(olUne chanbers, one for a nitrogen charge and the other to receive

hygr uling fluid fromconduit 37. The use of nitrogen charged accunul ators =«
[ known nmeans to naintain a downhole supply of control fluid at a
constant. pressure for operating well valves. In Figure 2 the

conguit 37. Alternatively, the tbhTrol fluid chanbers could be
nnected in parallel with conduit 37. For -11- this enbodi ment of the

" inventiongengQnigodildént IJORHRE Cibent £8:19] SRt S1 SEPRIA CrdR 4&8L@haer -
val ve 66 via solenoid valve 41 and fluid I|nes 52. Control fluid fronrrﬁ
ne

accurul at gat2Rb s0a IePRupPl iled T Tt ifdr SUBNE| 66 Wi csdRendfla fvall de
53. Control fluid is also supplied directly fromconduit 37 to SSTT 60 via

sol enoi d Al waatFlwid Nlivies 1521 Contr¥etENid | fidhn | ScohB@L&LEP| 569 is
directly fromconduit 37 to retainer valve 66 via solenoid valve 44 and

fluid | i neupplitdmtepSSTIC 66harnitzersolericidlivaiesl 421tand vHlubdtlines, 53.

el ectroni ¢ chanber 40a and val ve and transducer chanber 40b. Sol enoid

val ves 41Comtawdh fAaid d 8 adaxduppiied chirectly Ofromheordyit v32 tav8STET
conduit (not shown) which vents hydraulic fluid into the annul us_ forned by
bore 20 s (Y&ﬁdlsﬁd-et‘,!‘?&l%éﬁa%“ @%I%’fﬂ#@)rﬂ@%é@one?ﬁ%t’i\?%hﬂa“%:‘ﬁahﬁer

40a are separated fr.om chanber. 40 v%en Iect cal power :i s su
the sol en8il&%AUPRI} L GiF ert 1y, #t d? 5%1ner val 89 via

solenoid valve 44 and fluid 1ine 55. | W)
Atmospheric chamber 40 is divided into two'seétions,
. electronic chamber 40a and valve and transducer éhamber 40b.
Solenoid valves 41 through 44 are located within chémber'40b.
These valves have a conduit (not shown) which vents hydrau;ic'
fluid into the annulus formed by bore 20 surrounding chamber
40b. The electronic components within chamber 40a ére
separafed from chamber 40b. When electrical power ié Qupplied '
to the solenoid of each valve 41 through 44, the réspectivé
valve shifts to close its vent path and to allow hydraulic
fluid to flow therethrough._ When the'sélenoia is'ée;energized. o
each valve 41 through 44 is spring loaded to its vent posiﬁion.
Chambers 40a and 40b are preferaﬁly filled with nitrogen fér
increased safety and to reduce corrosion of electrical and
electronic components. Desiccant ﬁay also be placéd in_chahﬁer
40 to control moisture. | i
.Solenoid valves 41 through 44 ire'critical compohents;

Solenoid valves satisfactory for use in the'éreéent invention

are designated P/N 20950 3-WAY NC and are available from



‘val ve shifts to close its vent path and to allow hydraulic fluid to flo
thbrethrough. When the solenoid is de-energi zed, each valve 41 through A4
is dpring loaded to its vent position. Chambers 40a and 40b are prefer
filled with nitrogen for increased safety and to reduce corrosion of :
" electrical and el ectronic conponents. Desiccant may al so be placed in -

chanmber 40 to control noisture. Sol enaijg-val ves 41 through 44 are critica

. C onents. Sol enoid val ves satisfactory for use in the present invention
are designated P/ N 20950 3-WAY NC and are avail able from -12- Futurcraft
Cor por at i oFuthré3a£er Corporatdons, 16430 EFrdotdusAvenusds iditynicE Iddusty of
sol enoid ‘val ves allows a single hydraulic line to provide operating fluid
for thIur§Fiﬁﬁ°§ﬂlﬂen0?éPy“FGC&ﬁZGO%ﬂnﬂ&Q valvgsrrlionmim@ingle he
present invention.,is_the ability to individually control each valve and
moni t or i t 8YSrapkdc Xipe.spe; Reovide; operating éﬂé@( fon wePlirakity of

installed within_the h gr uli¢ fluid_lines as required b ood engi -
neering prﬁEFPk@%yfgpcﬁ §ﬁ BF@??&Pe ﬁy&@é&Q<9 _ .°E¥ & #FEYnt r ol
Sai tches, ANOpB5HB.88L e aRIALES £& M I ksl Fac Sl e

‘the preseng .| tkon. conponents will be described |ater in detail.
Single.conﬁﬁé?gggekggtfgggﬁgrine 72,  carried on cable reel 71, transmts

electrical signaagppogrpaee’ £29tW28"s9"and check valves 58 are installed
o within the hydraulic fluid lines as required by good engi-
/

neering practices for high pressure hydraulic systems.

Electronib control panel 70 located on working deck 22
contains electrical power supplies, switches, microp:osséssors,
.monitors, etc., comprising a vital portion of the present
invention. These components will be described later in
detail. Single conductor electricél line 72, carried on cable
reel 71, transmits electrical signals.and power between the
W, surface and subsurface components of the electrical system.
| Incorporating mic:dprocessors and their associated ptogrammabie
memoi} means into both the surfacé and subsurface electrical
circuits allows single conductor electrical line 72 to transmit
a latée volume of information and commands in both directions.
In addition, line 72 carries a DC voltage which directly
contro;s latch assembly 61 to greatly increase the safety and
reliability_of well testing. Figure 3A shows the electrical
schemqtic for the surface components, and Figure 3B shows the

electrical schematic for the subsurface components located in



and subsurface conponents of the electrical system |ncorporating
cessors and their associ ated progranmabl e nenory neans into both

el ac cal line 72 to transmt a |large volunme of information and commands

.inYeth/directions. In addition, line 72 carries a DC vol tage which
direc+ty controls latch assenbly 61 Lg;greatly_increase the safety and
eliability of well testing. Figure 3A"shows the electrical schematic for

the surface conponents, and Figure 3B shows the electrical schematic for

~the 5Ubsu&iﬁﬁ%f:ﬁ@ﬁ%“éﬂhﬁbb‘ic%to‘%d The DC %lﬁd@WQirfe'ef@%vf&s thhe

DC voltage on I'ine 72 provides tr- electrical power requiredto operat® ghe
subsur f acelectpieal! poweirdtequiked @S opdna i ety EubEutfEEe® | conponents,
However, the present invention allows nultiple consoles to be integrated
~into the systenPigarec8ki shbws7 énlihene additivcln donsulew|E3. CHoWwever Aced
at any desired |l ocation onboard drilling vessel 10.. In addition te _
recei vi ngthegnaesentoinventivn addeowsc awddliples consalemite befintagrated
from ot her sources such as pressure transducer 38 which nonitors hydrauli.c
syst em pr 880 Ehg, sgsten Via; tasminads 74 .. Thess Additianal gansales em

pressure. Thig?ad I tiQnal infornati%E I.S supplied to console 73 via

term nal s°88. OfrP4ACPHA PRY gesized losatdon, onhaakd idritling Jess8kting
broduct | kot estRngaRBERPR, 591 RaBediving SgRaTH drom 2 S 41 ng vessel
10 to be db5pbP¥e¥3 can receive information from other sources such as L;)
pressure transducer 38 which monitors hydraulic systém pressure |
.or pressure transducer 75 which monitors nitrogen system
pressure. This additional information is supplied to console
73 via terminals 68. If desired, the present invention allows
~information relating to production flow rate, temperature, and
pressure; status of the production testing facility (hot
shown) ; and even status of drilling vesse; 10 to be displayed
on console 73. The capability to monitor and display such
information on console 73 greatly adds to the safety and
reliability of well testing.
A source of nitrogen such as bottle 76 and regulator
77 is provided a£ each control panel 70. lA steday flow of
nitrogen from regulator 77 to cqnsole'73 prevents the.buildup
of explosive or combustible gases with1h consoié 73.
Explosion-proof boxes 78, 79, and 80 are attached to the
exteriof of console 73. Electrical power from cable 81 is
supplied to console 73 via box 78. -Box 79 is used to connect

tetmiqals 68 to console 73. Box 80 provides the electfical



on consol e 73. The capability to nonitor and display such information
cohsole 73 greatly adds to the safety and reliability of well testing.fA
sourice of ,nitrogen such as bottle 76 and.regulator 77 is provided at egc
control panel 70. A steady flow of nitrogen fromregulator 77 to console
prevents the buil dup of explosive or conbustible gases within console 7
Expl osi on- proof boxes 78, 79, and 80 ar%_attached to the exterior of

cofisol e 73. Electrical power fromcable™81 is supplied to console 73 via
box 78. Box 79 is used to connect termnals 68 to console 73. Box 80

pr ovi.des t BgnpbREibnC Between! CondIIPd Uhd UHE YL T {ohe ¥ tife Ot her

porti oAis o el ectrical system carries seve | mpor t ant

swi t shes welebtwicalbgydten. Debdx Foccdrt it ddve NSNDrddt 'dvitiches

provi des video display screen or nonitor 84 and key pad 90 which will also
be descri batlibat @1liln bécdescr ibled datiedd invideta idn eQonsole 7 D Eurtlexced

by other commercially avail able nonitors such as liquid crystal displays,
hard copy prownides, videpl displayssicreen’or dmnitoredd \and key gad)yr%phi cs

di splay capability is particularly desirable for personnel training.

El ectri cal wbighawd 1ldr alsoabendeses ibed \datesorddvidetrd land Ifaidesired, 71 via
el ectrical c¢ables 85. Explosion proof box 86 is | ocated adjacent to cable

reel 71 toVhRERi 86reePBAacan: e caplases by ather nonmerciaklyd avabdade

al so provides . termnals 74 fqr di ti onal. cantr.ol consoles 73. Di.,ode
protegtionmonitors suci as 1 qu% crystal é%splays, hard copy printers,

- or plasma disylay. A video screen with color graphics display
~ capability is particulétly desirable for personnel training. |
Electrical signals are transmitted bgtween cohséle 73 and
cablg reel 71 via electrical_cables 85. -Explosion proof box 86
is located adjacent to cable reel 71 to provide terminals for
cables 85. As previously noted, box 86 also provides terminals
74 for additional control consoles 73. Diode protection
circuits 87 and 88 within box 86 are used to protect the
electrical siénals associated with operating solenoid valves
41, 42, 43, and 44. Diode protection circuits 87 and 88
/ pre&ent the loés or failure of one console 73 from affecting
any other console 73. Therefo:e..well testing can be reliably
controlled even though only one console 73 is operating. Box
86 also contains time delay relay 91, which cont;ols-the
uﬁiatch Dq voltage signal, control relays 92 and 93, and manual
switches 94 and 95. Manual switch 94‘is normally closed.
Openiﬁg switch 94 results in closing valves 62 and 63 in SsTT
60. Manual switch 95 is normally open. Closing switch 95
acfivgtes latch assembly 61 to disengage upper string 25a for

SSTT 60. Manual switches 94 and 95 are preferably provided



cir 87 and 88 within box 86 are used to protect the electrical signals
dsdoci at\ed with operating sol enoi d val ves 41, 42, 43, and 44. Diode
pr gt idn circuits 87 and 88 prevent the loss or failure of one console 73 -

cting any other console 73. Therefore, well testing can be

ains tinme delay relay 91, mhlch controls the unlatch DC vol t age
~“control relays 92 and 93, andl®®Bnual switches 94 and 95. Manual
itch 94 is normally closed. OQpening switch 94 results in closing val ves

| Sf-, ZQ?. vaish avericlag ii?%aiif%fSEgaSgé%sRELB”S'uéwﬁng gsSuﬁé'err‘%si%“ 180

Ma 94

haﬂﬁf"les dog erake riuien8d BdLBACREE, FAREedE] mupsiea, bhode’ @%ﬁéﬁﬁ%g”g
ot ot oct | he4 O Tk CTFe POUE 78 bERREAeR BAGRLE pEGLeLLIBRCLE RR1EAGED
types of conitiles 73 difle sopecatédyd a DC signal. The nodem signal is

nodul ated American Standard Code for Information Interchange (ASCI1). The
DC si gnal whi cicaamdlel 73 (dené patés atwobypessopr signallshyar avaeni Bighhe

polarity of the DC voltage on line 72. Single conductor line 72 carries
these si gnll & D tdigraElect 'the nodenusignadniai medubatednAmerdepheri c
chanber 40a. The DC signal on line 72 is transnitted directly via diodes
98 and o$tandard Code for Information Interchange (ASCII). The DC
signal which controls the latch assembly is produced by &_}
'reversing the Polarity of the DC voltage An line 72. Single
conductor line 72 carries these signals to the electrical
citcuits contained within atmospheric chamber.40$. The DC
signal on line 72 is transmitted directly via diodes 98 and 99
to solenoid valve 42 which controls the latCh'assembly. This
arrangement bypasses the microétocessors and othef electrical
components whose failure might cause an undesired disconnect of
upper string 25a from SSTT 60.

As best shown by the block diagram of Figure 5, time
deiay rglay 91 prevents immediate reversal of the DC voltage
which controls solenoid valve 42. Therefore, an unlatch signal
is first sensed by power interrupt relay 93 which causesISSTT
valves 62 and 63 and retainer valve 66 to close before lﬁtch
assembly 61 is actuated. Solenoid valve 42 requires a reversal
in the polarity of the DC signal on line 72 before latch -
assembly 61 is actuated. Therefore, a loss of the DC signal
does not cause upper string 25a to disengage ffom'SSTT 60. .The

direct DC signal to solenoid valve 42, time delay relay 91, and



*to solenoid valve 42 which controls the latch assenbly. This arrangenent
bwpasses the m croprocessors and other electrical conponents whose failgre
nigqt cause an undesired di sconnect of upper string 25a from SSTT 60. 4
‘best’ shown by the block diagramof Figure 5, tinme delay relay 91 preve tsg
I medi ate reversal of the DC voltage which controls sol enoid val ve 42.
Therefore, an unlatch signal is first sensed by power interrupt relay 93
which causes SSTT val ves 62 and 63 andlfetai ner valve 66 to close before

| &t ch assenbly 61 is actuated. Sol enoid valve 42 requires a reversal in the

ol ari f .t he DC si | | i 2 bef | h hly 6105, ¢ d.
Perthore. thY Geiduit e ot Fevd sl £ oaltled S adertay ' ©

di seiggage fé%‘%%} Qpel-llggﬁﬁeﬁipt DC signal to solenoid valve 42, tinme

del ay rel ay equirenment for reversal in polarity add

greatly to the sahplnbd¥ dﬁ'cé@é&iﬂ@-i@ﬁﬁ?@él%%%ﬂ@a'%ﬁ&&&

primary and secondary circuits which process the nodem signal. Thesée

Circuits reuiis o WHith Pristidds TN hodén /Fignel | dafeddecidipis W th
control console 73, and actuate sol enoid val ves 41, 43, or 44 accordingly.

Each ci r cuitedeivelidtmmant & ignake stesm 100he nP2iewdlidate e signsTs Mith
anal og to digital converter 103 and signal conditioner or anplifier 104

whi ch conpracret rolp @drisol ef7 3 ,hantact date ogehensidiva ves i 41, r43wicat 44
| ocat ed val ves 62, 63 and 66. Various comercially avail abl e conponents
can be accordingly. Each circuit contains a microprocessor 100, modem
o 101, valve driver 102, analog to digital converter 105 and
~ signal conditioner or amplifier 104 which comprise a portion of
“the means for opening and closing remotely'locéted valves 62,
63 and 66. Various commercially available cbmpoﬁents“éan”be
satisfactorily used in the present invention. Examples of such
components are microprocessors designated K2000 SERIES from
Transwave Corporation, Cedar Valley Building, Vanderbilt,
Pennsylvania 15486; modems designated COLOR COMPUTER MoﬁEM'from_ 
Radio Shack; and analog to digital converters desighated K9000
SERIES from Transwave. Modem signals from liné 72 éfe directed
N2 to each signal bus 105 via filter and choke 106. Modem 101
translates the signal for iis-associated microprocessor'iod.
Mic;oproceSsor 100 responds to properly validafed signalé by
causing its associated valve driver 102 to activate the
appropriate solenocid valve 41, 43, or 44. Valve drivers 102
_ maintain solenoid valves 41, 43; and 44 energized by producing
multiple DC output voltages or de-energize the appropriate
solenoid by stopping the associated DC output voltage.
Valve driver 102 directs each DC voltage to the appropriate

solenocid valve. If line 72 should break, solenoid valve 42



satisfactorily used in the present invention. Exanples of such conponents
qdre mcroprocessors designated K9000 SERI ES from Transwave Cor porati on,
Ce@ar Val | ey Buil ding, Vanderbilt, Pennsylvania 15486; nodens desi gnated
COLAR\COVPUTER MODEM fr om Radi o Shack and analog to digital converters

af ed K9000 SERI ES fron1Transmave Modem signals fromline.- 72 are

2d to each signal bus 105 via filter and choke 106. WMdem 101

ates the signal for its associaléd m croprocessor 100. M croprocessor
esponds to properly valldated S|gnals by causing its aSSOCIated val ve

- driver 10 t t %ﬁy }rlgy I3\, ,,_..-_;
Val ve dri \%gfrngxgg Eingkﬁ?a:?gag% en0| val've a}iﬁ,lﬁal ﬁl‘energl zed by «.ﬁ
produci ngg8¥bhbRacvivast RUL 43t a%as 4 sdﬁﬁnetrcgltaﬁitm%m ?Hdiaui%n

sol enoid by stopping the associ ated DC out put vol tage. Valve driver

directs egriicRCc¥@bbaysstry bhivéﬁpmpl’alrﬂt 635 A Yt aitiere vd v 68 t2
shoul d break; sol enoid valve 42 -17-
remai ns ckpesd. (| Ghokeaanantliy et o.eml 84 ginallC leahd i tittheao | X0W), dmaalnmﬂl
43, and 44 shift to their bl eed position which causes SSTT val ves 62 and 63
and ret ai bl vahvbetgeheraldyeccl@sslidiadd aisi Ipeari phi#ralsiigrtar fameliadapter
104, and nodem 101 can be generally classified as peripheral_ interface
adapt er nbeans.. ARBRbEgdt boddgisnlc sonverser: 393 and Makve)drive 302
function generally as a sol enoid decoder,.. Signal bus and pomer supply 105
provi de nBBRASEiOR gRPEFRLAKCEEi AgSlengifodesaderroo Shanak duys AR

nenDry'mAth tfy 985 BPSL%Ee'HLSBLa %r interconnecting mxcroprocessor IOOA‘J

and its programmable memory with the per1phera1 interface
adapter means resu1t1ng in microprocessor 100 controlling
solenoid valves 41, 43 and 44 in response to validated signals.
In the specific embodiment shown in this application, the
primary circuit is also referred to as deep water actuator
(DWA) system 1 and the secondary circuit as deep water actuator
(DWA) system 2. Appendixes A and B show that control console
73 can monitor the status of either of these circuits.
| Control console 73 monitors a wide variety of downhole -
parameters. Figure 3B shows transducer 108 which monitors A
pressure in chamber 40b and sends an-#pprdpriate signal to
console 73 via signal.conditioner‘104. analog to digital
converter 103, microproéessor 100, modem 101.“interconnécted
with each other by signal bus 105, choke and filter 106, and
line 72. Other parameters, which can be measured and sent to
console 73, are pressure and temperature of accumulator 50,
vbltage_ac:oss solenoids 41; 42, 43, and 44, fluid pressure and
_tempe;atﬁre within test étring 25, etc.
.As best shown in Figure 4, control console 73 contains

circuitry similar to chamber 40. Major differences are DC



414, 43 and 44 in response to validated signals. In the specific enbodi nen
showm in this application, the primary circuit is also referred to as degp
‘wat er actuator (DWA) system 1 and the secondary circuit as deep water =,
actuator (DWA) system 2. Appendi xes A and B show that control console 73
can nmonitor the status of either of thf@g circuits. Control console 73
nt1tors a wide variety of downhole paranmeters. Figure 3B shows transducer
whi ch noni'tors pressure in chanber 40b and sends an approprlate S|gnal

1 or Gy occBEBY 18BSPRTGLAB LoRORLERE, edy ee%ei' W7 pad. 867 oRgnal B s
oo ok oadidn’ 111 knd OfseRBYsblB el 132765 LFIMTIRE: 3o g%gf %%Q,t%‘inea

measur ed an conso are pr SSU

accunul at ogp 5QhaMBLEaEG ackegtyiﬁ'992b@3v§&e§s§ggﬁi f%Qdc%ﬁn ngﬁiﬁure

and tenperature W thin test shown |gur

control copggge t S I 0 I N%ﬁp
dlfferencgg arel%%}eeapgag§:§tggu§i%¥g hggnﬁ?g? ggﬁégﬁga y pa 8 Si gnal

busl I O nogsnsdid 8d ”bﬁEQﬁéoﬁﬁiﬁeéniﬁ%eabQ Qbﬁkb@&ahﬁihbqsﬁeﬁoﬁh@ pgd in
chanber 40. Key pad 90 provides input for command Signals plus Iimted
progr anmabeant e apépliatedcpyr ¥ Seandakdl ¢obuters kRegbéardDeo Ad oW moeance
or reprogranmi ng, key pad 90 can be replaced by a standard conguter
keyboar d texténsiverprogrammabidipyogfamieboprogessomrisc1d2r ands I60s ahd? "and
100 and

“\/,:

*adapter nmeans resulting in mcroprocessor 100 controlling sol enoid val ves ()

their associated memory. Appendix A shows an example of the
déta_entzy capability of key pad 90. Figures 7, 8, and 9 show
‘the displays available on monitor 84.. |
Power supply 109 provides a DC voltage which powers
the electrical components shown<in Figure 3B and a Signal to
control latch assembly 61. Manual switch 114 can be closed to
send this DC voltage via lines 85b to enetgize'solenoid 42
which releases-latch_assembly 6l. Manual switch 115 can be
used to clqse.SSTT.valves 62 and 63. Preferably, manual
switches 114 and 115, contained in explosion-proof box 80, are
o/ interlocked such that latch assembly 61 cannot be released
until after SSTT valves 62 and 63 are closed.
-"‘h Figure 4 also shows an additional safety feature within
box 78. Pressure switch 120 sénses ﬁitrdqén pressure within
console 73. 1If sufficient pressure is not present, switch 120
de-energizes console 73 tesulting in the closure of SSTT valves
62 and 63 unless another console is satisfactorily operating.
| Duplicate! redundant components are used throughout the

electrical System_so that the failure of one component will



t heir associated menory. Appendi x A shows an exanple of the data entry
dapabi lity of key pad 90. Figures 7, 8, and 9 show the displays avail abl e
nitor 84.. Power supply 109 provides a DC vol tage whi ch powers the

i cal conponents shown in Figure 3B and a signal to control |atch

y 61. Manual switch 114 can be closed to send this DC voltage via
5b to energi ze solenoid 42 which rel eases | atch assenbly 61. Manual
115 can be used to close SSTT ¥4Tves 62 and 63. Preferably, manual
es 114 and 115, contained in explosion-proof box 80, are interl ocked

"s hAhat |atch assenbly 61 canno releaseq until. after. SSTT val ves 62
and 63 arPt|cAwse F’Pﬁug%sﬁeﬁl to %Hgsos afrx RE %@ﬁéﬁq}r‘e%hl’n

2011 o kSRR F8F ERpORELTER: A" AREERL, SRRy B 0 1
LSVl neiebabdl A6 A el p Ry LA oS0 LY TN Uiaf° et 1

t hroughout the electrical systemso that the failure of one conponent wll -
-19- not cause the systemto fail. Exanples of such duplicate com ponents
are installing two control consoles 73 on drilling vessel 10 and the
primary and secondary circuits in chanber 40. The followi ng comments are
made with ref erBredodlawing tcomhentst acevunhlet withngeferenteotoFicon-c 1

whi ch has a hydraulically actuated SSTT, latch assenbly, retainer valve,
trolling the well testing system of Figure 1 which has a

hydraulically actuated SSTT, latch assembly, retainer valve, W/
and retainer valve lock. SSTT valves 62 and 63 and retainer
‘valve 66 are opened by control fluid pressure and closed by
spring force when control fluid pressure is vented. Retainer
valve 66 can be locked closed by supplying control fluid
pressure to the lock mechanism (not shown). The vent path for-
‘the hydraulic system of Figure 2 is from hydraulic lines 52,
53, 54, or 55 via the respgctive solenoid valve 41, 42, 43, or
44 and then into bore 20 of riser 19. Latch assembly 61 may
also be mechanically disengaged as taught by Raulins Patent
3,071,188, if desired. Those skilled in the art will readily
see that the present invention can be adapted to control other
remotely located valves oi well tools.

Personnel at console .73 can'opeh or close SSTT valves 62
and 63, engage or disengage latch assembly 61, open'o: Close
retainer valve 66, and lock valve 66 closed as desired. SSTT
60 and retainer valve 66 are controlled by first depréssihg the
appropriate key (RET,'LOCK. or SSTT) on key pad 90 as shown in
Figure 6. Next, the desired command is entered into micro-

processor 112 by depressing either the close key or open key on



‘and retainer valve lock. SSTT valves 62 and 63 and retainer valve 66 are
opened by control fluid pressure and- cl oged by spring force when control-
fluid pressure is vented. Retainer valve 66 can be |ocked closed by
suppl ying control fluid pressure to tthe |ock nmechani sm (not shown). The
vent path for the hydraulic systemof Figure 2 is fromhydraulic |ines 5%
53 54, or 55 via the respective solengid valve 41, 42, 43, or 44 and then
i qgo bore 20 of riser 19. Latch assenﬁ?9'61 may al so be mechani cal | 'y

di sengaged as taught by Raulins Patent 3,071,188, if desired. Those skilled

in the artgeyl baaegdi! YEaeR Ebahahlcanaetai! :Ie&mtsw%h@%t@e 1adalepd o

conty ok other renptely located valves or well tools. Personnel at cons Ie

73 cha’ opesnomosiese SHIT Theses £GActionE3 cann el epeatiedd V) pee fozineld
assenbly 61, open or close retainer valve 66, and | ock valve 66 closed as

desi red. SGIEhGGtahdvxaqatoeretaﬁeve6ssame600ahﬂ¢bkedebtihgrstrdﬁgrQSSlng
the appropriate key (RET, LOCK, or SSTT) on key pad 90 as shown in Figure
6. Next, £nemdeelibeadolfnndKey padePO@ddpesongitc hevepaokeyswhich? by
depreSS|ng either the cl ose key_or open key on -20- key pad 90. Each
command antPRRECIEshatch §§§F3¥5Y|§1d|s$h&yEG°EﬁGNDﬁPﬂGrcsnabliﬂﬁéss
functions can be repeatedly performed w thout having to retrieve SSTT 60
and/ or tes?fﬂ§°%§¥? g°2559¥6n7§ePFﬂe§Belzalkﬁ9t§88 of gemmangd; shgpalsg key

uhl o contg ek sl 7 S aRaE Phd £411A0EARRIOARTRRES 5 RROULL' ERRLngom 1O
o -The combination of electrical and hydraulic systems results in
A qﬁicker_vélve response. The present invention provides these
improvements while at the same time requiring only a single
hydraulic hose and a single conductor electrical 1iné..
In a well tésting system of the type shown in Figure 1,
seve;al.requirements_must be satisfied to ensure safety.
First, valves 62 and 63 must respond quickly to closure
signals. As water éepth increases, the response time for
hydiaulicallj operated valves also increases. By incorporating
solenoid valves 41, 42, 43, and 44 into the present invention
U as pilot valves for other pzimary_valves such as SSTT valves 62
| and 63, the response time of_;n électrical signal to the
.sélenoid valves results in much faster valve response time as
compared to a purely hydraulie system. The downhole components
of the weil testing systems must respond only to valid éignals
and not electrical inéerferencé or noise. Signal validation or
_ve:ification between microprocessors 100 and 112 provides this
reliability. _
Prior to unlatching upper test string 25a from SSTT 60,

valves 62 and 63 must be cloéed. Also, when testing high



ejance the reliability and safety of well testing. The conbination
el and hydraulic systens results in quicker valve response. The
ention provides these inprovenents while at the same time >
ly a single hydraulic hose and a single conductor electrical

_ \n a/well testing systemof the type shown in Figure 1, several
Trequiremefits nust be satisfied to ensure safety. First, valves 62 and 63

st respond quickly to closure signé?%? As water depth increases t he

sponse tine for hydraulically operated valves al so increases.

'AQCBIFSE Pt %Fﬁ&%b%,ﬁ" A CATLaEly éﬁg%‘é‘ﬁuééié%%% Sﬁégégéégénh%%i"“"i
f | | t Sad
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The downh t
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or verifi ¢akl g&éwewaa:irmpw&eé@ S6\6rdd 2o £ dﬂﬁéli@'f%ﬂid to

reliability. Prior to unlatching upper test string 25a Trom SSTT val ves

62 and 6316ekt retainercdalvd 66 olwsed SSINUDEiPLE redurdan®’ £AEEE Podks| S,
particularly those having a | arge concentration of gas, retainer valve 66
shoul d al avebprovided to pnsure thutesralesE2Endi63 | aresclosed upefore
string 25a. If desired, the present enbodi nent provides a source of -
hydrau||c1atghdasgemb1y 61 is actuated. For example, on loss of elec-

 trical power, solenoid valve 42 fails as is. Soleno1d valve 4zg_j
can only be opened by reversing the polarity of-the'DC voltage

‘on line 72. As previously noted, this DC signal is not con-
trolled'by'ahy of the microprocessors. Various mechénica1 #nd

~electrical interlocks plus time delay relay 91 cause valves 62
and 63 to close before the DC_signal activates solenoid valve

a2. | |

Finally, control console 73 monitors critical parameters
of the hydraulic system, electrical system, and well fluid
being tested. Monitor 84 displays these parameters and |
warnings if required. Key pad 90 provides'limited pfogram- ~
mability and data entry'including changing the safg operating

- limits for each parameter. | '

One of three displays as shown in Figures 7, 8, or 9 is
present on monitor 84. Normally, the display shown in Pigdre 8
is present on monitbr 84 du;idg well testing. Programming |
entries are made by first depressing the "PAGE" key on keyboard
90 which causes Figure 7 to appear. The full text present on

monitor 84 during this time is shown on attached Appendix A.

Appendix.BllistS'the various'patameters'and/or limits which can



Tock retainer valve 66 closed. Miltiple redundant interlocks are provided
to{ensure that valves 62 and 63 are closed before |atch assenbly 61 is
actuated. For exanple, on |loss of elec- trical power, solenoid valve 42
fails as is. Solenoid valve 42 can only be opened by reversing the polar
of 'the DC voltage on line 72. As previously noted, this DC signal is not
con- trolled by any of the m croprocessors. Various nechani cal and
elgctrical interlocks plus tine del ay=R@ray 91 cause valves 62 and 63 to
close before the DC signal activates solenoid valve 42. Finally, contro
consol e 73 pEd@nit@redC inftic M idtVpTE g0 1 1D Re ApPda sy | 48 &l fildydd!
system.. and wel |l fluid being tested. Mnitor 84 displays these paraneters
and Wwarni ngn mbnitowi 8d4d. Key pad 90 provides linited program mability
and data entry including changing the safe operating limts.for each
paramet er. One offhehddspdiayplehpwmdirs Riguren Fican axlsh bk selerted byesent
on nonitor 84. Normally, the display shown in Figure 8 is present on

nmoni t or 84depresging thecSPAGE" Reyyr athendefithand sidenofe the display
depressing,the "PAGE" key on keyboard 90 whi ch causes Figure 7 to appear.
The full t &Rt bBF@sEﬁﬂ“Gﬁsnﬁniaﬂ'd S shans the Rresenk statinorf dheaat t ached

o b enfighBROLR: SaiEmInE, A2 SHSERR HARAIRHSA: Fhe ianand #ide *

”Dh'tor_84o£ both displays in Figures 8 and 9 shows commands which have

. 'been entered into the system. In Figure 8, these commands are

~ close retainer valve 66, close the lock for retainer valve 66,
and close SSTT vaiées 62 and 63. 1In Figure'9, open commands
for these same components'are shown. Both Figures 8.and 9 show
a small box which reads "SYSTEM OK". If a critical parameter
exceeds its preselected limits, microprocessor 112 will cause a
red “"WARNING" to appear in this same box and an audible warning
to sound. Aiso, any parameter outside of its limits will be
highlighted on the display of either Figure 8 or 9.

The programmable capability of control console 73

N\ provides excellent training for personnel. Various well
conditions can be simuléted and the appropriate response
thereto displayed without having to actually operate downhole
equipment. Control consoles 73 can be used in a classroom as
effectively as onboard drilling vessel 10.
| The word “RECEIVING" is-disblayed in the lower left-hand
corner of FPigure 9. This word indicates that microprocessors
100 at the remote location are transmitting signals to micro-

processor 112.' For this particula: embodiment, signals are

transmitted from control console 73 for approximately one-half



Th;‘dfs ay shown in Figure 9 can also be selected by depressing the "PAGE"
| eft-hand side of the display in both Figures 8 and 9 shows the
tatus of the downhol e equi pnment. and system paraneter. The

] en entered into the system In Figure 8, these commands are cl ose
retainer valve 66, close the |ock for retainer valve 66, and close SSTT
‘val ves 62 and 63. In Figure 9, open—@8mmands for these same conponents are
shown. Both Figures 8 and 9 show a small box which reads SYSTEM OK". |f a
‘critical PogEEBAE’aRACPEEEived Balke!fdi! approXiratdly P HESTES) oy W 1|
cause a red "WARNING' to appear in this sanme box and an audi bl e warning §o
sound. Al comm&Emnds pdhbhont areornbti faldfaitied Icavsde niiddoprodesgEor A2 k@™t he
di splay of either Figure 8 or 9. The programrabl e capability of control
consol e 78lyshva deareingl banther display’ of patihofigure BramliSael |
condi tions can be sinulated and the appropriate response thereto displayed
wi t hout Heamparisconcofiatopmapdr aigndden betyesq micraprotenears auet| es 73
can be used in a classroomas effectively as onboard drilling vessel 10.
The wor d PECRlidated sbafapeadewnhplenequdpmenteoam hel ashiwatest. i gure 9.
This word indicates that m croprocessors 100 at the renote | ocation are

transmitting siljieiagiaormatoveblotestingy| solegoid,valyas 4 and 44 are
Sggfg; {fﬁg%;;‘%m; éné§igan’ bitn' tRTIEOVERY palh Yidsea ana control
fluid pressure flowing therethrough to open SSTT valves 62 and_g~)

63 and retainer valve 66. Solenoid valve 42 is de-energized
with its vent path open and blocking control fluid pressure
from latch assembly 61. Upon loss of all electrical power,
solenoid valves 43 and 44 are de-energized which opens their
respective vent flow paths and closes SSTT valves 62 and 63 and
retainer valve 66. As previously noted, solenoid valve 42 is
only actuated by reversing the polarity of the DC voltage on
line 72. Diodes 98 and 99 as shown in Figure 3B block the DC
voltage present on line 72 from flowing to solenoid 42 prior to
reversing the polarity. Therefore, a loss of electrical power W
does not cause upper test string 25a to disengage from SSTT

60. Loss of microprocessors 112 or 100 or other electrical
component causing a failure in the modem signal results in a
warning being flashed on monitor 84. However, solenoid valves

41, 42, 43, and 44 remain in their last position. Therefore,

well testing can continue while personnel troubleshoot the

electronic components.



a chond and recei ved back for approximately 4 seconds. Any comrands whic
ar g,not val i dated cause m croprocessor_ ,312 to flash a warning on the f

di splay of both Figure 8 and 9. Conpari'son of comrand signals between

M croprocessors nust be validated befiore downhol e equi pnent can be

activated. Duri ngnaopiRleetft linRbitilth ¥l HWikathl 1P dsb ol €8 & fieror

electrigally energiz their vent path clos urd
pressure fbeneRdwkler od13UBE renit¥lySIbbatidd’ 8 fidestNd 'ﬁ%é’ﬂdsiﬁféé‘gfn
val ve 66. Sol enoid valve 42 is de-energized with its vent path open an

bl ocki ng cener aktf Wild peadilye siele0Bthirc emrabindnt £ i tipnit | dspapting |
elec;?;cal power, solenoid valves 43 and 44 are de-energi zed whi ch opens

t hei A+ espécomvtheestopeoandatsipd rdrtd off dhes iVER b v ach iidh aisl S&f el in
retai ner valve 66. As previously noted, solenoid valve 42 is only actuated
by reversi thet@dap®barity of the DC voltage on line 72. Diodes 98 and 99 as
shown in Figure 3B block the DC voltage present on line 72 fromflowing to
sol enoi d 42 pri Glefdréde 5 NEadd cd D@ | VX .PaterelApplicatbon 8718150

el ectrical power does not cause upper test string 25a to disengage from
SSTT 60. LaasidH Ha<swemwaEbedded Iddt W e preséet specificationnponent
causing a failure in the nodemsignal results in a warning being flashed on
noni tor 84. However, solenoid valves. 41, 42, 43, and 44 renmain in their

| ast position. Therefore, well -testing can continue while personnel

t roubl eshoot the el ectronic conponents. - 24- o

),



The present invention can be readily adapt ed to control other well tools or
rém)tel y located val ves. Those skilled in the art will readily see other
ofi ments wit hout departing fromthe scope and spirit of the invention
which\is defined in the clainms. Reference is made to our. UK Patent '
_ A@) ation 8718150 whi ch has been divided out of the present

spe¢if| cation. -25- APPENDI X A DATA ENTRY TOTAL LI NE LENGTH 10000 KEY I N
‘HE VALUE - PRESS "ENTER' OR PRESS "EW'ER' ONLY TO LEAVE A VALUE UNCHANGED.
. S _PACGE | NTERRUPTS COVMUNI CATI ON W TH THE DWA. THEREFORE, THERE IS A
7 TI ME- QUT FEATURE WHI CH CAUSES Mﬁ%} CYCLI NG AND RETURN TO NORVAL ;. -
OPERATION | F NO KEY | S PRESSE CONDS. (HOLD THE "PAGE" KEY DOW

FOR 3 SECONDS TO RETURN TO THI S PAGE.) -26- APPENDI X B ( EXAMPLES CF%’:KTA
"~ ENTRY) DEEP WATER ACTUATOR SYSTEM (1 or 2)

DATA ENTRY

'TOTAL LINE LENGTH 10000 -
KEY IN THE VALUE - PRESS "ENTER"
OR PRESS "ENTER" ONLY TO LEAVE N

A VALUE UNCHANGED.

THIS PAGE INTERRUPTS COMMUNICATION WITH THE DWA.
THEREFORE, THERE 1S A TIME-OUT FEATURE WHICH CAUSES
AUfOMATIC CYCLINGIAND RETURN TO NORMAL OPERATION IF
NO KEY 1S PRESSED FOR 10 SECONDS. (HOLD THE 'fAGE"'
KEY DOWN FOR 3 SECONDS TO RETURN TO THIS PAGE.)



'DEPTH TOTAL LI NE LENGTH (ELECTRI C) MJD VEI GHT MAXI MUM HYDRAULI C SYSTEM
PRESSURE M NI MUM SYSTEM ACCUMULATOR PRESSURE M NI MUM LATCH ACCUMULATOR/ ,
PRESPURE RETAI NER VALVE FULL OPEN PRESSURE RETAI NER VALVE FULL CLOSED ‘¢
PRESSURE UNLATCH PRESSURE SSTT FULL OPEN PRESSURE SSTT FULL CLOSED PRE
-27- CLAIMS 1. A flow control system conprising a plurality of sole
valves at a location renpte from a central location, and a first
m groprocessor at the central | ocaf P8 operatively linked to a second _
m Croprocessor at = the renote | ocation, wherein the second m croprocessor
is operatively linked to the solenoigphygsg t0 control opening and
closing thereof, the first mcroprocessor Is adapted to transmt comrmand
signaks to the second mcropropesPLES OOF ORPASENPRY) Of the. valves, and
the second microprocessor is adapted to comunicate with the first
“m croprocessor upon receipt of said command signal to verify the comuand
before causing the valve to which the conmand rel ates to operate.

' DEEP WATER ACTUATOR SYSTEM (1 or 2)

- . DEPTH | .
TOTAL LINE LENGTH (ELECTRIC)
MUD WEIGHT |
MAXIMUM HYDRAULIC SYSTEM PRESSURE
MINIMUM SYSTEM ACCUMULATOR PRESSURE
MINIMUM LATCH ACCUMULATOR PRESSURE
'RETAINER VALVE FULL OPEN PRESSURE
RETAINER VALVE FULL CLOSED PRESSURE
UNLATCH PRESSURE
SSTT FULL OPEN PRESSURE
SSTT FULL CLOSED PRESSURE



11111211 112111171 111121211211711121121 * C L M S * -28- 2. A
met h of operating renotely |ocated,primary val ves conprising: a.

suppl i Ng operating fluid froma central .location to each renotely | ocated
prifmarly val ve; b. controlling the flow of operating fluid to each primary
valfve actuation of a renotely |ocated solenoid pilot valve; c

entier\ ommands for operation of each-primary valve into a first

ssor at the central location and transmtting the command to a
secd | croprocessor renotely |ocated near the pilot valves; d.

transt i/ ng the command received by the second m croprocessor back to the
first mcroprocessor and validating that the conmand received at the reﬂnte
| ocation agrees with the command sent fromthe central |ocation; and- ef*é
actuating the appropriate pil ot val ve fol |l owi ng validation of the command
received by the second m croprocessor. 3. The met hod of operating renotely
| ocated primary val ves as defined in clainR further conpr|5|ng a.

di spl ayi ng each ﬁrlnary val ve on a nonitor at the

1. A flow control system, comprising a plurality of
solenoid valves at a location remote from a central

location, and a first microprocessor at the _cehtral

location operatively linked to a second microprocessor at O/

the remote location, wherein the second microprbcessqr is
operatively linked to the solencid valves to control
opening and closing thereof, the first micréproceésér'is
adapted to transmit command signals to the second
microprocessor for operation of the valves, and the
second microprocessor is adapted to communicate with the
first microprocessor upon receipt'df.said command signal
to verify the command before causing the valve to which

the command relates to operate.

N O O
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‘central |ocation; -29- b. indicating on the nonitor each command sent
the first mcroprocessor; c. I ndi cating on the nonitor validation of e
comyand received by the second m croprocessor; and d. i ndicating on t
“moni tor the status of each primary val ve based on information received f
a renmotely |located sensor. 4. The nmetnod of operating renotely |ocated
primary val ves as defined in claim2 further conprising: a. storing the
oEerating fluid in renotely | ocated atednul ators; and b. i ndicating the
status of each accumrul ator on the nonitor at the central l|ocation. 5. The
‘met hod of operating renotely |ocated primary val ves as defined in claim?2
furthier conprising. a. setting preferred limts for system operating
paraggters in the first mcroprocessor; b. conparing the val ue of each
paranmeter as received froma renotely |ocated sensor with its preferred

paramet or diseedh SESRERORE, PERTAtIG: ranotdad, TBRake, FETRaTy” N5 oot el

| ocated prinmary ¥g£§g§s§ﬁggefined in claim2, further conprising the first

a. supplying operating flﬁid from a central location to
each remotely located primary valve; |

b. controlling the flow of operating fluid to each
primary valve by acﬁuation of a remotely located

- solenoid pilot valve;

c entering commands for operation of each primary
valve  into a first micréproceSsor at the éentral
location and transmitting the command to a second
microprocessor remotely located near the pilot
valves;

d. transmittihg the command received by the second
microprocessor back to the first microprocessor and
validating that the command received at the remote

N | . location agrees with the command sent from the

central location; and
e. actuating the appropriate pilot valve following
validation of the command received by the second

microprocessor.

3. The method of operating remotely located primary valves
as defined in claim2 further comprising:
- a. displaying each primary valbe on a monitor'at the

central location;
. R —
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- 30- m croprocessor sending a uni que enable signal to the second
croprocessor follow ng validation. 7. A systemfor controlling well
esthng havi ng an upper and | ower t est string with a subsea test tree

. Q t\he subsea test tree conprising: a. flrst and second sel ectively
PROYL 3 ble mcro- processor means;-pg- neans for storing system
pperatjng limts in each mcroprocessor neans; c. ° neans for changi.ng the

~operaying limts in response to changes in wel | condi tions; d. means for

Col enoi d pi 1 ot Bral vandisaeily RESRHE SRLFoF ?#‘83“%%??%‘33#?{5 55 FHe yhe

first mcroprocessorimansy i rsbédsée fentral control consol e;
second mi croprocessor neans | ocated near t he sol enoi d val ves; h. neans

for transmittigq si gpdicatinioh it fméﬁiteﬂdvsgma\elwhcespée&sseeaﬁaaad
val idating the accuracy of the signals; and i. ~ electronic circuits to
control operation ofrecedved &yitthe adesond micsopprocessor sl anat ed signals.
a. indicating on the monitor the status of each primary
valve based on information received from a remotely

located sensor.

O
4. The metnod of operating remotely located primary valves
as defined in claim 2 further comprising:
a. storing the operating fluid in remotely located
accumulators; and |
b. indicating the status of eéch-accumulator on the
monitor at the central location.
5. The method of operating remotely located primary valves
| és defined in claim 2 further comprising:

a. 'se;ting preferred limits for system operating
parameters in the first microprocessor;

b. compg;ing.the value of each parameter as received
from a remotely located sensor with its pzefertgd
limit; and

Ce dispiaying a warniné sign on a monitor when a

selected parameter exceeds its preferred limit.

6. The method of operating remotely located primary valves
as defined in claim 2, further comprising the first
\— :

L



“31- 8. The systemfor controlling well testing as defined in claim7
whd[ein the neans for storing conprises a key pad connected to the firs
m cr pprocessor neans and a nonitor for selectively progranm ng the firg
fri croprocessor nmeans with limts for 'systemparanmeters. 9. A systemfo
controlling well testing as defined in claim?7 further conprising: a.
peri pheral interface adapter neans; b. the sol enoid val ves control ling

opgrating fluid pressure to the subsed 1%st tree and | atch nmeans; c. a

sohenoi d decoder connected between the peripheral interface adapter and the

sol enoi d val ves; . 'éy}alipgﬁ & G i " q?ng
m cr _(éff;'__p_r_ ocessor mg%gog’trgcﬁt?mr y W ﬁ?}e‘*%‘ﬁéer%% e%i%faéap er to
per my# data fl owgllaan@d it Yprtbdsd e ) You fﬁﬁ& & Oprocessor to
control "the sol enoid val ves based on val i d% 'e{(]%sisﬁfna S 1?irdo\frm the first

m croprocessor neans. 10. The systemfor controlling well testing as
defined in claim9 wherein the neans for communi cating operating fluid

pressure further Acsyptiem foracontnodlding el littbstinyntaaiitig i nfpperc alrdl
near the subsea test tree; b. a manifold to supply operating fluid
| ocat ed near thelowetr &les¢osttrdingconithl @ subbea test tree connected
therebetween and latch means to release the upper test
string from the subsea test trée COmpiising:
PN ' a. first and second selectivély programmable micro-
processor means;

b. means for storing system Qperating'limits in each
microprocessor means;

C. meaﬁs for changing the operating limits in response
to changes in weli conditions;

d. means for communicating opeiating fluid pressure to
‘the subsurface test tree;

e. solenoid pilot valves controlling the flow of the
operating fluid;

A £. the first micropzocessdr means located at a central
control console;

g. the second mictoprocessot means located near the
solenoid valves;

h. means for transmitting signals between the first and
second microprbeessbrs and validating the accuracy
of the signals; and |

i. electronic circuits ﬁo control operation of the

solenoid valves in response to validated signals.

* [4 L " s *



* C L M S * -32- c. a hydraulic fluid conduit extending
'bgt et~ he supply mani fol d and the accunul ator neans. 11, A system for
g and nonitoring well testing including a subsurface test tree €
¥t gd equi pnent conprising: a. means for communi cating operating
. fluidipriessure to the subsurface test tree and rel ated equi pment; b.
' val ves controlling the rongq_the operating fluid; c. a first
croprocessor and sel ectively progrannable menory neans. | ocated at a
" central operating station; d. a second m croprocessor and selectively

progranmaly e e I¥E€@ﬁ5f59cébﬁ@r39.§&nbh€ve§ql tedednla adfAnes Yn/ ©

signals fromt st m croprocessor : he second m croprocessor *
transmtting cammds wRéLe1AdtheOieaf® fors s toirdngd coMdTied 3 kdy g
first mcroprocessor for verification; f. el ectronic Circuits to control
operation of tdensettedi tovehecfirstr miproprocesear meahs andira mdmitor he
second m croprocessor; and g. nmeans for bypassing both m croprocessors to
send an e|ectrtQaJselgnhivelreptbgramndnsetbct&drs¢|mmmnwpngqgasor

~ means with limits for system parameters.

9. A system for controlling well te#ting'as defined in claim

7 further comprising: | _ : _ - ' \;}

a. peripheral interface adapter means;

b. the solenoid valves controlling operating fluid
pressure to the subsea test tree and latch means;

c. a solenoid decoder connected between the peripheral
interface adapter and the solenoid valves; and

‘d. signal bus means interconnecting the second micro-
processor and its memory with the peripheral
interface adapter to permit data flow therebetween
and to enable the second microprocessor to control
the solenoid valves based on validated signals from &_J

the first microprocessor means.

10. The system for controlling well teé;ing:as defined in
claim 9 wherein the means for communicating operating
fluid pressure further comprises:

a. hydiaulic fluid accumulator means located near the
. subgea test tree:
b. a manifbld to supply operating £luid located near

the central control console; and

* € L M S§ =%




t33- 12. The system as defined in claim11l wherein the subsurface test
trqge is releasably attached to and controls for- mation fluid flow through
a stging of pipe further conprising: a. hydraulically actuated |atch -
rean$ to rel ease a portion of the pipe string fromthe subsurface test
tree; b. the sel ected sol enoid valve controlling operating fluid
comuni cation with the |atch means; and c. t he sel ected sol enoi d val vg
responding only to a reversal in the pd2arity of the electrical signal

S lied thereto. 13. The system as defined in claim11l further

conprising: a. means f, t Qrd NGe4l idd ts f el ect e r jn..the
prog{"é‘mrabl e mem?r‘y aﬁ'&;rdr}'ﬁ-‘l%gér‘%{a §°%ﬂ%¢rﬂ&%&'ye€€€%§%§r% ters
and -Ggfit “pari ng nmeasur, Wah {651 L Ll Sy, §H¥i the first

m cor processor initiati é)\iy war nﬁ%gl&\;\ke?etﬁé gnrgé‘jo#ﬂ%@%ae ect'gedp%%'r aneters
exceeds its stored linmit. 14.  The systemas defined in clainml3 wherein
the means for storing the selected |imts conprises a key pad and a nonitor
~ electricalhy conpegy@tend fidie dontilo1TiGig-and WFiXYring well testing

including a subsurface test tree and related equipment

comprising:
a. means for communicating operating fluid pressure to
- - _ the subsurface test tree and related equipmeﬁt;
b. solenoid valves controlling the flow of the
operating fluid;
c. é fi;st microprocessor and selectively prbgrammable
memory means located at a central operating station;
d. a second microprocessor and selectively programmable
memory means located near the sblenoid valves to
recgive signals from the fi:st microprocessor;
e. the second microprocessor transmitting commands
received from the first microprocessor back to the
W - first microprocessor for verification; .
f. _electronic circuits to control operation of the
| solenoid valves in response to verified commands
from the second microprocessor; and
g. -means for bypassing both microprocessors to send an
electrical signal directly to a selected solenoid

valve.
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-34- 15. The system as defi ned in Claim 13 further conpri si ng:
a i pheral interface adapter neans; b. a sol enoi d decoder neans ;
- data bus means- i nterconnecting t he second m croprocessor #

ang C

Wi _ sfgnal fromthe first m croprocessor,. the sol enoi d decoder neans,
and t/h ef i pheral interface adapter neans to permt data flow

t her en and to enable the second m croprocessor to control
the s oi d val ves, in response to v¥8B+fied commands.. 16. The system

.&s, defi ned in Caim 11 further conprising: a. atinme delay relay.
- controlling the electrical signal to the selected solenoid valve; and h._.
a power 1gensi nfthe|system das cdefimed incclaimalli wvhereliot tbe subsusfac’ [
val ves. prior to the tinme delay relay sending the electrical signal to%ﬁhe
sel ected sol endi@pt free ig e%wesaeixtehtaa eddtei ard cpptrols forre
wherein the selected sol enoid val ve receives, ,a DC_signal _.and. the

mi cr opr ocessor PR FIEEQ Tlow E%E%“%Phﬁrsﬁéiﬁgnﬁﬁe Pegfurthes A,

el ectronic circuit t ontrol the operation of valves renptely located from -
a central cont r‘fﬂ"%ﬁ%ﬁ?%‘ conprising: a. sel ectively progranmabl e

M Croprocessor , Meang qrdf1ically actuated latch means to release a
portion of the pipe string from the subsurface test
tree; o -
b. - the selected solenoid valve controlling operating \;}_
fluid communication with the latch'ﬁeéns; and
c. the selected solenoid valve responding only to a
reversal in the pqlarity of the electrical signal

supplied thereto.

13. ° The system as defined in claim 11 furthér'comprising:
a. means for storing limits for selected parameters in
the programmable memory means;
b. means for sensing the selected parameters and com- ﬁiik
paring measured values to the stored limits; and
C. the first micorprocessor initiating a warning wﬁen
any of the selected parameters exceeds its stored

limit.

14. The system as defined in claim13 wherein the means for
storing the selected limits compriées a key pad and a
monitor electrically connecﬁed to the first micro-

_processor.
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recei ve signals, fromthe control console; b. sol enoid valves
electrically connected to and controlled by the electronic circuit; c.
t.he i croprocessor means and sol enoi d valves |ocated adjacent to each_ |
ot her ;~ d. peri pheral interface adapter neans.; e. a sol enoi d decoder
connect ed betmeen the peripheral interface adapter and the sol enoid ¥
val ves. ; -35- f. the mcroprocessor_gqeans, transmtting conmands
recei ved fromt ce tral control consgle back to the console for :
val i dation; and gnS¥sEEB  mSins defiBeSonniRti SiPithe ABcr oftpther o
means, W th tmzqnpriﬂmﬁgu |nterface adapter to permt data flow
t her: betmeen and to C s to control the sol enoid
val ves-fbased ornl':l val |a§geb:ld1 | gna sﬁwl)%&)a 4e€ee?%rﬁeatﬁ frcuit as defined in
Claim 18 furthd- corfprsskenpid, decmg\e&nﬁ. raseki vi ng both a DC voI tage
signal and a rdem CdxwterbﬁsgnahesﬁemtHﬁteeebhﬁEcEQEgrO' &&IHSO'
VO

nmeans for bypassing the m croprocessoy neans to send t age S|gna
directly to a sel ect®AFIRR QR VEithngthe sigpale| fxoay fhencfirshl ve

respondi ng only to amicroprocessor, the splen01d decoder means and the

peripheral interface adapter means to permit data
flow therebetween and to enable the second
microprocessor to control the solenoid valves in
‘response to verified commands.

16. The system as .defined "in  Claim 11 further

comprising:
Sa. a time delay relay controlling the electrical signal
~ to the selected solenoid valve; and
b. a power sensing relay to de-energize the signal to
the other solenocid valves prior to the time delay
relay sending the electrical signal to the selected
solenoid valve. | ' _ '
17. The system as defined in Claim 16 wherein the
'selected solenoid valve receives a DC signal and the
microprocessors communicate with each other by a modem
signal. '
- 18. An electronic circuit to control the operation of
N valves remotely located from a central control console
comprising: ' '

a. selectively programmable microprocessor means to
receive. signals from the control console;

b. solenoid valves electrically connected to and
controlled by the electronic circuit{

c. the microprocessor means and solenoid valves located
adjacent to each other:

d. peripheral interface adapter means; _

e. a solenoid decoder connected between the peripheral
interface adapter and the solenoid valves;
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reversal in polarity of the DC voltage signal supplied thereto. 20. An
el ectronic circuit asdefined in Caim18 further conprising nmeans for
lng selected paranmeters. associated with the circuit or the

val ve and transmitting the neasured value to the central control
conspl'e 1. A flow control system according to Cam 1
subg lly as, described wth. refeggnAce to and as, illustrated in

panyi ng dr,.awi n S.. . hod operating..enotely |ocated
pri Val vels acchi ngutcg °é%§dr%s§%t§ubs?§%ﬁ-al 52 ss%ucfgtsl@rq beﬁ°wn?ﬂgs
reference to and ase¢eivsdr 4rom ithe heentradparontnpldr conagie. Wk £Lo
system for cont ro'éﬂé‘%&%&le@éﬂ@ﬁl{‘&‘é&ﬁﬁ%ie gpper and | ower test

string with a subsea test 'tree connected 't etween and | atch neans,
rel ease the hper 2L PE$neans, ipkexePRREctiqRgt Fhe BicEPRFAgessor

-36- O aim7 substiedns| lwitls denéripecipresal Wihber£ageecng@apesndeads.
hestrated, 0 L he SESRIP A9 RN 19S: ndilvmat. S oL CpesRitl Shhed
equi pnent accor di mic¢romecesddr smeanantoaldontaol ddexrsdbenoid hvakvesence -
to and as. i1 ust rt?éé‘;‘éh i&t@lﬁgpg@agyé@glg[aw ngs. .
19. An electronic circuit as defined in Claim 18 further
comprising: _
a. means for receiving both a DC voltage signal and a
modem computer signal from t'_he central control u
console;
b. means for bypassing the m:i;croproces_s,or means to send
the DC voltage signal directly to a selected
_ .solenoid valve; and
c. the selected solenoid valve responding only to a
reversal in polarity of the DC voltage signal
supplied thereto. '
20. An electronic circuit as defined in CIaJ'_.m 18 further
comprising means for measuring selected parameters
associated with the «circuit or the valves and
‘transmitting the measured value to the central control
console. ) _
21. A flow control ‘system according to Claim 1 RN
substantially as described with reference to and as
illustrated in the accompanying.dréwings,.
22. A method of operating remotely located primary
valves according to Claim 2 substantially as described
with reference to and as illustrated in the accompanying
drawings. _
23. A system for controlling well testing having an
upper and lower test s_tring with a subsea test tree
connected therebetween and latch means to release the
upper test string from the subsea test tree according to

A
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J5. An electronic circuit tq control the operation of valves, renotely

| ocated froma central

as. flescribed with reference to and as, illustrated in the
acconpanyi ng draw ngs. . '

. J;’
\
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'~ Claim 7 substantially as described herein with reference

to and as illustrated in the éccompanying drawings.

24. A system for controlling and monitoring well testing
including a subsurface test tree and related equipment
according to Claim 11 substantially as: described with
reference. to and as illustrated in the accompanying
drawings.

25. An electronic circuit to control the 6peration of
valves remotely located from a central control console

according to Claim 18 substantially as described with

reference to and as illustrated in the accompanying
drawings.

-

N A

control™ consol e according to Claim 18 substanti al |
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