I nvention relates to an ecletronic control console for electro
hydraulically controlling one or nore renotely |ocated val ves, and nore
particularly, to a control console far_controlling one or nore well valves
in order to optim ze testing of hydrocarbon pro- ducing formations. The

¥stel REQUHEES L or* nD r|n of sel ected paranmeters sucn as
é%TlpégéCt erq%ELgk,aﬁa Ggﬁgevﬁ ¥FtF9HTRE&cﬁY§ﬁ§§rground hydr ocar bon
uci ng f or nat i known as a reservoir, has its own characteristics with

respée% to perneability, porosity, pressure, tenperature, hydrocarbon
density and relative m xture of gas, oil and water within the formtion.
The cost of building and maintaining a | arge of fshore oil and gas
production facility can easily exceed $500, 000, 000. over the life of the
facility. Therefore, extensive testing, sonetinmes for many nonths, nust be
conduct ed of each new reservoir before the cormitnent to establish an
of fshore production facility can be justified. Testing of offshore

exploratory wells typically requires a sophigtigcatedsxsteay ob~dolecow control
and

val ves at varioQus locations within the well bore, ;on the ocean fl oor,

on the driIIilﬂ?QNﬁiﬁﬁe“t invengipnerekates h?éadéfﬁgmadeGthlegtcgﬁtrol

formati nafIU| m/for 0 ifun1test results and safetx duri ng

energen%y raullca controlling one or more remotely located valves,
Conbrol Co~scle

and more particularly, to a-sys{fg-for controlling one or more

VELL VALVE CONTROL SYSTEM ELECTRONI C CONTROL CONSOLE FOR The pzqq‘lt‘ &OL{' - _

K,ﬁ well valves -in order to optimize testing of hydrocarbon pro-
ducing formations. -The system also provides for monitoring of
. selected parameters such as pressure, temperature, and valve

position.

~Each underground hydrocarbon producing formation, known
as a zeservoir, has its own characterlstlcs with respect to
permeablllty, porosity, pressure, temperature, hydrocarbon
density and relative mixture of gas, o0il and water within
the formation. The cost of building and maintaining a large
offshore o0il and gas production facility can easily exceed
$500,000,000 over the life of the facility. Theérefore,
extensive testing, sometimes for many months, must be coﬁduéted
of each new reservoir before the commitment to establish an
offshore production facility can be justified. festing of
. offshore 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.



conditions such as a stormforcing the drilling vessel to | eave the well
se. Exanpl es of surface and subsurface well testing equipnment are shown
ages 5958 and 5959 of the 1980-81 Conposite Catal og published by Wrld
£ ‘Sui tabl e apparatus to control fluid flow through a subsea wellhead is.
shown in Taylor Patent No. 3,411,576, issued Novenber 19, 1968. Tayl or
teaches the first use of subsea test trees (SSTT) suspended in the well head
and associ ated bl owout preventers to cgntrol fluid flow during testing of
of fshore wells. In the Taylor patent nmultiple valves with their operators
.are left in the wellhead, and the production string above the meIInQad'%é'
rel eased whesea viilvesnaw desigmed risstls ued esntrolnfoasiueion BraiBeflow
conditions. Later versions of subsea test trees are shown in the patents to
Aumann, NEor3op33imias tiesstucreswlts land offer safety doriggoemeggEncysued July
6, 1976; and Hel nus, No. 3,870,101 issued March 11, 1975. U. S. Patent
4, 234, 043cepditiiiongmauciRAfera Sterm fossimg the dri¥iingovesgsglr thudeave
Barrington et al__disclose subsea test trees designed for deep water well
sites. U. the pgldnSi¥er71, 188 to G M Raulins discloses a latch assenbly
satis- factory {or u;f w th the presen vent*on ref erence

: s J) é iu (o] Thf agovg ui mg t
patents are inc &% o5 g Turpts el FACEnYS ﬁp £ éPFoﬁg pmej!
Under cer E?'en_ s%'o%urgiut %(i;eess §§9§§ 'aﬁ% a§§§9 dc?@ptl“\@t £580-81 Composite

Catalog published by World 0Oil.

Suitable apparatus to control fluid flow through a subsea\-)
wellhead is shown in Taylor Patent No._3,411,576, issued
Novemper 19, 1968. Taylor teaches the first use of subsea test
trees (SSTT) suspended in the wellhead and associated blowout
preventers to control fluid flow during testing of offshore
wells. In the Taylor patent multiple valves with their
operators are left in the wellhead, and the production string
above the wellhead is released when a disconnect is reguired
such as during adverse weather conditions. Later versions of
subsea test trees are shown in ﬁhe patents to Aumann, No. w
3,955,623 issued May 11, 1976; Young, No. 3,967,647 issued July |
6, 1976; and Helmus, No. 3,870,101 issued March 11, 1975. U. S.
Patent 4,234,043 to William M. Roberts and U. S. Patent
4,375,239 to Burchus Q. Barrington et al disclose subsea test
trees designed'for deep water well sites. U. S. Patent".'
3,071,188 to G. M. Raulins discloses a latch éssembly satis~
factory for use with the present invention.

The above referenced patents are incorporated for all

purposes within this application.



testing, a significant amount of time may el apse between initiation of a o
hydraulic control signal onboard the drilling vessel and the response of _g~a
remotely located valve to this signal. Various electrical and acoustic 0
actuators have been devel oped to reduce the el apsed tine before a subsed
ttest tree responds to a signal on a drilling vessel. One limtation of SuCh
prior art systens is that spurious eIecLELcaI or acoustic signals may
trigger undesired and possi bly even dangerous val ve operations. As
r.eseryoi r. testing technol ogy becones nore sophis- ticated, nore is |earned
aboulstesting progrdercaedifdabircaRABLRRERE!S pat tacuiatl9 MedpAWadled t he
size of areservoir. It is clear that a systemwhich provides for reliable
and qui ck opeseingp af s¥ghificahktoumeantr oif tdmecmay lellapser detwelen
accuracy of well testing. In addition, a systemwhich constantly nonitors
critical weiniphatieneof, ashgdeaudper abntgolli sigraindnbalard shat dsidddagt o
the safety of well testing and allows better correl ati on between

measur enent%e®$e} oridt toe respPanseonfapdrenotgd¥nlospsedevadrvectoi #pishi s
flow. Mcro-, processor technolo pof fers the opportunity to nmeasure_ nany
par anet ers % ?5'ré%?ﬂ%?“?egbﬁggr%S‘&haHSeQCPHsFHSsécﬁ&PéﬂiﬁepéyelP9F§

hi ghl y desi t.abl i d full bl whi ch I ckl
and 101 | abI9PUHETERL keI Trinee s Phe) eBABHGR TamscbeFoRat el Fupaea: Sask: Siek
central | 0GR 8, 800k FPESUE §nk 85BANECE- 12130 $B284S. 1 NoRe' FiKS eStion 41

such prior art systems is that spurious electrical or acoustic

— signals may trigger undesired and possibly even dangerous valve
.operations.

As reservoir testing technology becomes more sophis-
‘ticated, more is learned about testing-procedures and data
requiremen;s to accurately evaluate the size of a reservoir.
It is clear that a system which provides for reliable and
quick operation of various flow control valves will improve
the accuracy of well testing. 1In addition, a system which
constantly monitors critical well parameters, system operating
. limits énd_valve status adds to the safety of well testing and

allqws better corrélation_between measurements of formation
- fluid flow and equipment changes affecting this flow; Micro-~
procesSor'technology offers the opportunity to measure many
parameters aﬁd to rapidly.:espond.to:changes in these
parameters, It is highly desirable to provide a fully
programmable system which can quickly and reliably operate
multiple flow control valves remotely located from a central

location and measure tgsponses to any change in a valve's



status The present invention provides such full programmable capability
3ptim ze both safety and accuracy of well testing.. The electronic

ol consol e of the present invenigon is not linmted to controlling
#Ptiple renotely | ocated valves during well testing. Thecontrol: console
can be nodified to control renotely | ocated valves during long term

pr oductstatys omThe apresndtgisvesitionr paoy idelsesushs fehlofp rogiamlap leocat ed
val ves or hydraul i c equi pnent. The present invention is described for use .
in a\MﬁqpﬁQ%&ﬁﬁb %@s?%ﬁ*ﬁhFShbﬁ &aﬁéﬁ | A8A ASCVEaGkt 9 fa Wweddkitegting. —
mechani sm a égg ency di sconnect | atch assenbl\
An obj ect of 'IES"rFeT

GVPHSSSHtaﬁnHF@GﬂP@n#é agt r ol

| Mh [ 1
o i ¢ yggiﬁﬁoﬁ‘gﬁial’a@ﬂ%ﬁ 1EorpRoEALE SRERERa" Faygia Hoaing

d f | d ti
roduct o (gt i, PO Pese Rl nﬁ%’ 05‘85 ER 148 45°cRR R0 ok gl yoPt [T
IS 10 RoRWdd ¥AISIAEIdOPifg CHRG! EeiﬂrpaoéﬁéEQHhV‘HSH ?ch'ﬂeﬁnal ow

control valves, paraneter sensing equipnent, progranmmable electronic

cont r oklaer s:elan@mmﬁawweﬁcgye’déat OESrémotoRgniogaced ¢hoseBJothe flow
control valves for optinmumformation testing. In addition, theLsystem can
moni t ohyduehlisr agptipments. hyThaupressnppiyvéhtion pi esdeseribegupykat or
pressure, valve position, wellhead production fluid pressure, wellhead
producﬂﬁénlﬂl@l@ﬂh&ﬂkﬁ%ﬂlﬂ% syeténcebich h&s a retainer valve with

a locking mechanism, a subsea test tree, and an emergency | k_)

disconnect latch-assembly.

An object of the present 1nventlon is to provide an

o elec b revic com el Cansale Bor ann
A(electro/hydraullc 'system which measures various well

parameters, analyzes those measurements based upon pre-
programmed considerations, and controls remotely located
valves to provide for optimum production testing from the
well. : cin Fromic. Con Frel Consde for

Another object of the present invention is to providi{a g
system which includes flow control valves, parameter sensing
equipment, programmable electronic controllers, and hydraulic
accumulators for openlng and closzng the flow control valves

clectvrone. <cnirol Pk\e\ of \"\"Q

for optimum formation testing. In addition, the[eystem can )
monitor such parameters as hydraulic supply fluid pressure,

accumulator pressure, valve position, wellhead proddction fluid

pressure, wellhead production £fluid temperature, wellhead

v oal - tmewr =

iy
.
t



production flow rate, riser pressure systemtenperature, voltages at

sel ected conponents, contact cIosug and | atch position to optim se ,'
production testing fromthe well ddi ti onal obj ect of the present
invention is to provide visual and/or audible warnings to personnel '
conducting well testing when a critical paranmeter exceeds programmed

limts. Theegadamdriton nfbavi oatel | oWserhaedsyria ssystéer baspeyathnaged

for various WPAI'tsEéEBj' Tdt0n§elé€€@Edlé1&n &éﬂ@sprec%ﬁ{‘éadﬁw%rifo's%@et heéﬁ‘d' S
provided an ;tectronl C control consal or oggratl ng sel ected ones of

renotel y | ocadtdFaPo&d tdqen ’b‘?\e°8ftl\ﬂ)t’nsc°'h RERAUCELRR ot e timer e Bhe

m cr opr ocessereldnd receiving and transmtting neans for storing a

recei ved | command, sgelonl?teasmhlling had denilgal Looehved, cpamand

si gnal and respondln enable opera
associ at ed vaﬁWepI‘PHédeorﬂ#%#abongdl/ercomwhbl eg Waanlngsseﬂcecpﬁvwlynel

programmabl e JP{H A QL SSOT 1 NEANSind wheWEANST PRLL S8 iRt BE exceeds
i croprocessor neans for _transmtti ng and receiving signals along a single

conducti ve pRWLHIES ed1Bdtfeen ThHE RFRTITL cORSBPELITRD D@ onkR %t he
renot el y | ocatied nealseie Geas i Eafltai £SPONST Vea t Dotdewdl Tr OPROTEESHS .
meansfor generating a conmand signal indicative of a selected one of the
remotely |ocated wvalves to be operated and coupling that command signal to
the transnittarpnddays for thearmrgssibninvengivrhe themeudis vergaided an
electronic control console for operating selected ones of

KJJ remotely located valves each one of which has associated
' therewith a microprocessor and receiving and transmitting
* means for s?oring a received  command signal,
.retransmitting the identical received command signal and

responding to a unigue enable signal to operate the

associated valve, the control console comprising:
a. selectively programmable microprocessor means;

b. means connected to the microprocesgor means for
transmitting and receiving signals along a single
conductive path connected between the control

console and each one of the remotely located valves;

. c. means responsive to the microprocessor means for
generating a command signél indicative of a
selected one of the remotely located valves to be
operated and coupling that command signal to the

_transmitting means for transmission along the

conductive path;



d. nmeans in the mcroprocessor means response to receipt by the
FEC™.Vi ng neans of the identical command signal previously transmtted for
jaat i ng conmuni cati on between the cantrol console and the sel ected -
renotely Located val ve; and e. means responsi ve to validation neans of

t he command signal by the microprocessor for generating a uni que enable
signal and goupl hBgnkhatirenalle smyganbptoceBgotrr anglhnkt | Esg@AE td Or
transm ssi on aI on t he ondgﬁtlve ath té? oper.at e tfhe {s‘el ec&ed renPteI y

| ocated val ve. ARSFRBBItaRt feature of I Hes preseht ChveR

command signal s amamaedt sfigomlt par evdrpusdly Itataatsmrt-tt&ﬁ tfer r‘e&rbtttatirm:at |\e-h
stored in a p&gﬂﬁ,emgltqonrre@@weemacw Lbadrfack dichpedlnlio {fie

central location tor validation a unjque enabl e signal sent fromthe
central |ocationSptP6Feo "&theé:?’pdf?é’é‘tte(? e omP signal . Constant
conpari son and validation of signals bet ween the central station and renote
| ocati on to ensure el ectrical .contji nU|t g hat ¢anpanent,s

ar
funct i oni ng®sat i BFAREoF P VS 19 OW cORt I RREHCRePFEPEs Cing P Reft e"}meance i s
now nade to the atgoapaby nhedmiwirmgsodessan dior denpanat iing s2 aursichesmat i ¢

drawi ng of a dri Hgggpvgi% 1aa<;tdw@oluptmu nﬂ,aecqtgn%rm@ e 5 suid abl e
for being contro the control console of the present invention;
fransm*ttlnd means for transmission along the .

conductive path to operate the selected remotely

'located valve.

‘An important feature qf the present invention is that
command signals;ére sent from the central location to the
"remote location, stored in a programmable memory,
transmitted back (echoed) to the central 1location for
validation, and a unique enable signal sent from the
central location prior to any response to the command
signal. Constant comparison and validation of sigﬁals
between the central station and remote location to ensure
electrical'continuitf and that components are functioning
satisfactorily to allow continued well testing.

Reference is now made to the accompanying drawings,
in which:- _

Figure 1 is a schematic drawing of a drilling vessel U
and well testing equipment which is suitable for being
controlled by the control console of +the present
“invention; '

Figure 2 is a schematic drawing of the hydraulic
system and related componehts " incorporated in the

equipment illustrated in Figure 1.



‘Figure 2 is a schematic drawing of the hydraulic systemand rel ated
conponents incorporated in the equipment illustrated in Figure 1. -
FI GURES 3A and B are schematic drawi ngs of the electrical system and ‘.-
“rel ated conponents constructed in accordance with the teachi ngs of the
present invention to control and nmonitor the well testing equi pnment of
Figure 1. FIGURE 4 is a block diagram of_ an el ectronic control cabinet and
rel ated conmponents used in conjunction With the electrical systens of
Figures 1 and 3A. FIGURE 5 is a block diagramof a portion of the elec-
trig circuit shomn | Flgure 3A. F] QURE 6 i s _a schematic dra ng,of . the
key pad | ocH Y ‘ ‘ RES™T

8, and 9 reQEesegt War%g&s dIS% ays of |nfor- natlon, eqU|pnent st at us, and
comand si gn el ectronic control cabinet of Figure 4
during well testi yHi C e Cc estin .

of fshore -oi | amjéﬁﬁyéﬁﬁ iﬁ %ﬁ%hoﬁﬁggﬁggﬂ%ﬂ%gii afgwikgg 3% ghsnglg%gfﬁgal
floating wgy t I oygr e |

" site 11. Thygéﬁﬁiiﬁghﬁgﬁigééwa ore 12 %9 @é@ acgglﬁgcégggﬁggld;Wﬁ

ext endi ng fumem seddirifs F (the podsenit ain#'é‘ﬁ'@i@ﬁOﬂadcbﬁéfeiaahanmbhﬁdbﬁl ng
formation 15. A plurality of perforations 16, near the | ower end of casing
string 13 ahk adBndiext irayliedd ypridret e fHir®igbreall ow fl uid conmuni cati on
bet ween formation 15 and bore 17 of casing 13.

FIGURE 4 is a block diagram of an electronic control

cabinet and related components used in conjunction with the
electrical sysﬁems of Figures 1 and 3A.

-FIGURE 5 is a block diagram of a portion of the eiec-
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 status, and command signals available on the

_electronic control cabinet of Figure 4 during well testing.

A typical arrangement for conducting testing of offshore
oil and gas wells is shown in Figure 1. ' This arrangement
includes floating work station or drilling vessel 10 located
over a submerged well site 11l. The well comprises well bore 12
lined with casing string 13-extending'from wellhead 14 to a
potential underground hydrocarbon producing formation 15.‘ A

~plurality of perforations 16, near thé'lower ehd of casihg
-string 13 and extending radially therethrough, allpﬁ fluid

communication between formation 15 and bore 17'of'casing-l3.



Vel | head 14 includes bl owout preventer stack 18 with marine riser 19

attached thereto and extending upwardly to drilling vessel 10. ‘Marine riser
7/#Rs bore 20 extending therethrough and concentrically aligned with bore .
#ir ough wel | head 14 and bore 17 of casing string 13. Well site 11 can be
drilled, tested, and conpleted through aligned bores 20, 21, and 17. '
Drilling vessel 10 provides the required working deck 22, derrick 23, and
associ ated equi pnent to acconplish thes®& tasks. After well bore 12 has been
drilled, formation 15 nust be tested to determne if the recoverabLe ?;}
reserves of oil S Justify expe of further conpletipng the wel¥
site to place i tg‘{er%lqg'ecégjm?edr c"lna({ln%lreo%&g"{g‘g%‘.’t %{éﬁv g?rtgg??%g{'gs""th
frequently C Y 4l ' ' e | e

ari 1 ng vASearey5ines nol dekanics Ropeeto Ahd FEkeSAEI RS SBuSERIT Eo: o e

1, productj t ' exiqug% | | &l 1 u 21,
andp17 andhigglégr%ge%rs{s%?céﬁ'y a |gne%j%eér%\%??‘églié‘?%?cgezg’?l{ggﬁég% to
instal | andne@@R%ecu@h! adld iddhcentisi dLOY L0 ghdl | WO NObERE £S5k AGuGh
formation 15, production test string 25 ray be suspended from and supported
by wel | headedlheate 124 anBeorsd 1@ 2 c0iHY | SESiR\OL BRI 'WEDL t D66, 1 LPE&H
test string 25a and | ower test string 25b, rel easably engaged to each other.
by |atch absefbiyled. Wesitedaclemd Zpupleat=md i turdgh onkigned i por@Sh2@o 2y m
a fluid barrier with the interior of casing 13 adjacent thereto above
perforatiof8d167-vePrigddmg: vessal dQ Proyides ohe |1eauiredy working deck

22, derrick 23, and associated equipment to accomplish these -k_)

tasks.

After well bore 12 has been drilled, formation 15 must be
tested to determine if the recoverable reserves of o0il or gas
justify the expense of further completing the well site to
place it into commercial production. Such well testing is
frequently éonducted by installing production test string 25
between drilling vessel 10 and the vicinity of perforations

.16. As shown in Figure 1, production test string 25'extend§
longitudinally through bores 20, 21, and 17 and is concen-
trically aligned therewith. Derrick 23 is used to install and N
revae_test string 25 as required. During normal testing of
formation 15, production test string 25 may be suspended from
and supported by wellhead closure 24. Test striﬁg 25 cbmbrises
two main portions, upper test string 25a and loﬁer test string
25b, releasably eﬁgaged.to each other by latch assembly 6l.
Well packer 27 is carried by lower string 25b to form a fluid
barrier with the interior of casing 13 adjacent thereto above
perforations 16. Well packer 27 directs formatibn fluid flow

into production test string 25. Various downhole well tools 28



into production test string 25. Various downhole well tools 28 -9- may
be included within | ower string 25b. Exanpl es of such downhole well tool g5
are | anding nipples, subsurface safety valves, flow control valves, €
pressure and tenperature recorders, etc. Starting at working deck 22, uppe
string 25a includes surface test tree 30 and associ ated val ves which '
control fluid flow fromtest string 25 into appropriate production test
facilities (not shown) via flowine 31.-%pper string 25a al so incl udes
seal,ed atnospheric chanber 40 and hydraulic accumu- |ator 50 di sposed

W thid mari r{,.seg veswelil h 4. . ric r [

pr ept{labl y glg% Bgd5‘P%?ga?\%ogé\ggébaﬁgg'g%a%g?ﬁgﬁénd.%@ﬁ?&dé&t i‘g‘ﬁéﬁ
hydraul i ¢ ageyaHbakoa120tBBY sP8 20480 A% %q#gl%, elRRHE £ fgaGRltyons
will be explained later in detail. During normal well testing, upper  string
25a is attagigdeb) EDEwCeBAURLIAVALVESy Prisidurie0wnd tempedaitrevi a subsea
test tree (SSTT) 60. Production test string 25 including SSTT 60 is :
normal |y rareedrdedsl oeeced as a single unit. During emergency conditions
when drilling vessel 10 nust be noved quickly away fromwell site 11, latch
assenbly 61 is i nStapbiagedti wookSSFT deCkt @2di swpgags trdpar 25@r ilmg 128®sf r om
| ower string 25b. The portion_of SSTT 60 containing valves 62 and 63 al ong
with | oner S¥Ffage2tpststraen3Pepndsasserdased: ymlves waighisontyqly £dugs

and 63 are sigped to close durin uch energency di sconnect
gfowggrom test strgng Zg ?nto appr%pr%%te production test

_ facilities (not shown) via flowline 31. Upper string 25a also
~ includes sealed atmospheric chamber 40 and hydraulic accumu-
lator 50 disposed within marine riser 19 ébove.welihead 14.
Atmospheric chamber 40 is pfeferably divided into two separate
chambers 40a and 40b. Additional hydraﬁlic accumulato;s'SO may
be added as required. These modifications will be explaiﬁed
later in detail. .

During normal well testing, ﬁpper.string 25a is a:tachedl
to and communicates fluid with lowér strihg 25b via subsea test
tree (SSTT) 60. Production test string 25 including SSTT 60 is
{v/ normally raised and lowered as a single unit. During emergency

conditions when drillihg vessel 10 must be moved quickly away
from well site 11, latch assembl} 61 is incorporated into SSTT
60 to disengage upper string 25a from lower string 25b. The
portion of SSTT 60 containihg'valvesie2 and 63 along.with lower
- string 25b is then lef£ suspended from wellhead 14. Vélves 62
and 63 are désigned-to close during such emérgency disgonnect
to prevent undesired eséapé of well fluids frdm lower string
25b. Preferably, SSTT'GOIis'designed to allow at least one set

of blowout preventers 18 to close when latch assembly 61 is



to prevent undesired escape of well fluids fromlower string 25b.

Praferably, SSTT 60 is designed to allow at | east one set of bl owout
57§enters 18 to close when latch assenbly 61 is -10- actuated to allow *
-'nyal of upper string 25a. An exanple of an SSTT and | atch assenbly
satlsfactory for use with the present invention is disclosed in U S

"Patent Application serial nunber 329,920 filed Decenber 11, 1981. Hydraulic
control manifold 35 | ocated on morklﬁé deck 22 contains punps, valves,
.gauges, and fluid sources nornally used to operate an SSTT and ot her ‘kJ
downhol e agthavefivee. ailpsw Fempva 39fahkPHﬁfgl$tp¥rlé'§5Lﬁf%a-corde|Qx%"Ple °f
communi cate hydraul i.c_con nifold 35 to accunul ator In

f
Figure 2 3MeSTHht B¢ ?‘?Ef"é §§§F@kj?11ﬁ’ssr§%dm\ﬁ:£%i%°d"é’r fFeifie With ik accurm-

| at ors 50a and 50b for.incre

| | 1 h
norver obsentnel spprac i8R BB GapFIAsRe Radl s HamArt AlRkAGA o and
500 i 5 S5y A5l hnfe 2596 53b) 895 baabl g;gwa S gy car i ed by upper

string 2 e capaclty of “accunulators a an I's designed to all ow
mul tiple cycllng of all downhol e equi pnent foll ow ng danage to conduit 37.
Movabl e piston 51 divides €ach accurmulator into two variable vol une
chanbers, one foor a nitrogen charge and the other to receive hydraulic
fluid fromconduit - 37. The use of nitrogen charged accurnulators is a.

wel | - known nearydraubicteontaocliomandfeldupsl Jloala tedhionolwodkiing aleck 22

rel atively constant pressure for operating well valves. In Figure 2 the
control contains pumps, valves, gauges, and fluid sources normally used

to operate an SSTT and other downhole well valves. Hose reel -
36 and high pressure conduit 37 communicate hydraulic control
fluid from manifold_35.to accumulator 50. In.Figure 2 the
conﬁrol fluid system is shown in more detail witn two accumu-
lators 506 and 50b for increased downhole control fluid
capacity. The number of accumulators can be varied as
required. Each accumulator 50a and 50b is essentially a large
cylindrical fluid reservoir carried by upper string 25a. The
capacity of accumulators 50a and 50b is designed to allow.
multiple cycling of all downhole equipment following damage to \_;
conduit 37. Movable piston 51 divides each accumulator into
two variable vo;ume chambers, one for a nitrogen charge and the
.other to.zeceivé hydraulic fluid from conduit 37. The use of
nitrogen charged accu@ulators is a weli—known means to maintain
a downnole supply of control fluid at a relatively constant
pressure for operating well valves. 1In Figure 2 the control
fluid chambers of accumul&tdrs 50a and 50b are connected in_
series with conduit 37. Alternatively, the control fluid |

chambers could be connected in parallel with conduit 37. For



fluid chanbers of accunmul ators 50a and 50b are connected in series with .
conduit 37. Alternatively, the control fluid chanbers could be connecteﬂw\\'
parallel with conduit 37. For thi s enbodi ment of the invention, contgdi’*
fluid fromaccunu- lator 50a is supplied to retainer valve 66 via sol enor@
-valve 41 and fluid lines 52. Control fluid fromaccurmul ator 50b is supplied
to SSTT 60 via solenoid val ve 42 and Lg¥Ld line 53. Control fluid is also
supplied directly fromconduit 37 to SSTT 60 via solenoid val ve 43 and
fluie line 54. Control fluid is also supplied directly fromconduit 37 to
retainer vaihis Gdmbodimariterof deival ievelrdt bonl, f contirol ng16bd £t omspbewns-
chanber 40 is divided into two sections, electronic chanber 40a and val ve
and transdiegrox fwhdrs 40ipplSed o oretd imer 4dal e 0b§hvildl sokehotdtealve
wi t hin chanber 40b. These val ves have a conduit (not shown) which vents
hydraul i ¢ f4luiahd rflnidha inasl 3. f Fontrdl Hiwid 20remracowmnhatena®Perislob.
The el ectroni c conponents within chanber 40a are separated from chanber

40b. When AYRRYIeS ItHFRAT (€0 stith|skrneid heakve chédi andf fatd Lipe S dq

th h 44, th tiv, | hi i | i t t path to allow

hydr el o KARRFED RO (o ar el Lo Toec by Bt doolutt ohbrtp AT
nal ’ ! oY ! TS’

ocand we g L d ORI 16 SRR U0 od B8, PosblLon, FIRALE
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al so be place anber .40 to“control noisture.
solenoid valve 44 and fluid line 55.

2 | | Atmospheric chamber 40 is divided into two sections,
electronic cﬁamber_40a and valve and transducer chamber 40Db.
Solenoid valves 41 through 44 are located within chamber 40b.
These valves have a conduit (not shown) which vents hydraulic
fluid into the annulﬁs formed by.bore 20 surrounding chamber
40b. The electronic éomponents within chamber 40a are
separated from chamber 40b. When electfical power is supplied
to the solenoid of each valve_41 through 44, the respective

.Qaive éhifts to close its vent path and to allow hydraulic
.fluid to flow therethrough. When the solenocid is de-energized,
each valve 41 through 44 is spring loaded to its vent position.
Chambers 40a and 40b are preferably filled with nitrogen for

| inc:eased safety and tb reduce corrosion of electrical and
electronié components. Desiccant may also be placed in chaﬁbex
40 to cbntrol.moisture.

Solencid valves 41 through 44 are critical components.

.Solénoid valves satisfactof}lfor use.in the present invention

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



Sol enoi d val ves 41 through 44 are critical conponents. Sol enoid val ves
sgtTnfactory for use in the present invention are designated P/'N 20950

3- NC and are available from -12- Futurcraft Corporation, 15430
Prodﬁor Avenue, City of Industry, California. The use of solenoid val ves

al |ows' a single hydraulic line to provide operating fluid for a plurality
of renotely located valves. A major advantage of the present invention is
the ability to individually control eath-valve and nonitor its status.
Appropriate filters 57 and check valves 58 are installed within the o

-hydraul | id act | for hi
R T T LT e U AR/ MM
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nmonitors, etc., conprising a vital portion o € present fon. These

conponent hydddulie dasws e bicy e | dpéfieihg ?m%efs QUSH% raliRg! beca

line 72, carried on cable reel 71, transn1ts el ectrica nal' s and power

bet ween t remdwelacdcvated MalveaEs WMHPISHt 8a0antHgeCbeCithleC plreg¥nitem

I ncorporating mcroprocessors and their associated programable nenory

- nmeans i nt dniyemt itoine issurthec eakaidi tyebiseir { wd v £ 681 Ly CabneirblUeaehavadve and
singl e conductor electrical l[ine 72 to transmt a |arge volunme of

i nf or mat | @endtdrcdtsasdatius.both directions. In addition, line 72 carries a
DC vol t age mhlch directly controls |atch assenbly 61 to greatly increase
the safety and Appropriate filters 57 and check valves 58 are installed

within the hydraulic fluxd lines as required by good eng1- : \‘)

neering practices for high pressure hydraulxc systems.

‘Electronic control panel 70 located on working aeck 22
contains electrical power supplies, switches, microprossessors,
moniﬁors, etc., comprising a vital portion of the present
invention. These compbnents will be described later in
detail. Single conductor electficai line 72, carried on cable
feel 71, transmits electricél signals and power between the
surface and subsurface components of the electrical system.
Incorporating microprocessors and their associated programmable
memory means into both the surface and subsurface electrlcal
circuits allows s;ngle conductor electrical line 72 to transmit
a large volume of information and commands in both d1rectzons.
In addition, line 72 carries a DC voltagé which directly
controls iatch assembly 61 to gréatly increase ﬁhe:safety and
reliability of well testing. Figure 3A shows the eleétficai'
schematic for the surface cdmponents, and Figure 3B'shows the

electrical schematic for the subsurface components.located in



‘reliability of well testing. Figure 3A shows the electrical schematic for
the surface conponents, and Figure 3B shows the electrical schematic for..;
the subsurface conponents |ocated in -13- atnospheric chanber 40. Thgw
“voltage on line 72 provides the electrical power required to operate tﬁggig
subsurface conponents. Figure 3A shows only one control console 73.

However, the present invention allows nultiple consoles to be integrated
into the systemvia terminals 74. Thes&3additional consoles can be. placed
at any desired | ocation onboard drilling vessel 10. In addition to

recegiyving signals fromline 72, each console 73 can receive, infor I on
froﬁ%ﬁthera§HBFP§§‘§Ecﬁn&§b§Fe§QUreTPFaﬁﬁmﬁﬁ%*QQ?\Mﬂ Qﬁnﬁ%(ﬁg?égﬁﬁﬁuﬁq%
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10 to be displayed on console 73. The capability to nonitor and displ ay

such i nfor pRtbOBhENsgeReRl @id3teradhlalsadds t oHd¥e FHGINiAEL rcdrnstdlidd ty
of well testing. A source of nitrogen such as bottle 76 and regulator 77 is
provi ded acarabé pdated| apasaly desiikest dadatiiloowcofborrd eyeirl Yimgmvesgelat or
77 to console 73 prevents the buil dup of explosive or conbustible gases
within cont@ke :a_addition to receiving signals from line 72, each
: console_73 can receive information from other sources such as
~ préssure.transducer 38 which monitors hydraulic'system pressure
or pressure transducer 75 which monitors nitrogen system
pressure. This additional information is supplied to console
- 73 via terminals 68. 1f desired, the present invention allows
information relating to production flow rate, temperature, and
pressure; status of the production testing facility (not
shown) ; and even status of drilling vessel 10 to be displayed
_on_console 73. The capability to ﬁonitoz and display such
information on console 73 greatly adds to the safety and
1\ reliability of well testing. |
- | _A_source of nitrogen such as bottle 76 and regulator
77 is provided at each control panel 70. A steady flow of
nitrogen from regulator 77 to console 73 prevents the buildup
of explosive or combustible gases within console 73.
Exp;csion-proof boxes 78, 7§. and 80 are attached to the
“exterior of console 73. "Electrical power from cable 81 is

supplied to console 73 via box 78. Box 79 is used to connect

terminais 68 to console 73. Box 80 provides the'e;ectrical



Expl osi on- proof boxes 78, 79, and 80 are attached to the exterior of
e 73. Electrical power fromcable 81 is supplied to console 73 via

con
box . Box 79 is used to connect termnals 68 to console 73. Box 80
pﬁ{\:%es the el ectrical -14- connection between console 73 and the ot her
portions of the electrical system Box 80 carries several inportant

swi tiches which will be described later in detail. Console 73 further
profi des video display screen or nonitb#- 84 and key pad 90 which will -al so
be described later in detail. If desired, video screen 84 can be replacg%

"by other commercially available nonitors such as liquid crystal disglay

hard copy Sonnection hetyean copspley’3 and kBeseLBerR RPEF1LBSoPIgE ﬁhicé

di spl bility.d ticularl irable f el . training.
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protection circuits 87 and Wi thin box 86 are used to pro t he

el ectri cawhilctna/il 12930 Ve deddivaer Patag sal @eehdlval yesaésirdd, 43,
and 44. Diode protection circuits 87 and 88 prevent the loss or failure of

one consolvddeéd fscrmeaf fCidary e \repldted Oy 0b EhéB. cdhmeetdatlywakvhilastieng
can be reliably controlled even though only one console 73 is operating.
Box 86 al monddwoira ssich s ddlquid ateys9d]l dbsphaysnt hekd tbpy printers,

or piasma display. A video screeﬁ with color graphics'display \\)
~capability is particulérly desirable for personnel training.
Electrical signals are transmitted between console 73 and
cable reel 71 via electrical c¢ables 85. ”Explosioﬁ proof box 86
is locatéd 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'protectioh'
circuits 87 and 88 within box 86 are used to protect the
electrical signals associated with operating solenoid valves
41, 42, 43, and 44. Diode protection circuits 87 and 88
prevent the loss or failure of one console 73 from affecfing
any other console 73. Therefore, well testing can be reliably
controlled even though only one console 73 is operating. Box
86 also contains time delay relay 91, which controls the’
unlatch DC voltage signal, control relays 92 and 93, and manual
switches 94 and 95. Manual switch 94 is normally closed.
Opening switch 94 results in closing valves 62 and 63 in SSTT
60. Manual switch 95 is normally open. Closing switch 95
activates latch assembly 61 to disengage upper:string 25a for

SSTT 60. Manual switches 94 and 95 are preferably provided



‘unl atch DC voltage signal, control relays 92 and 93, and manual switches 94
and 95. Mgnual-switch 94 is nornmally closed. Opening swtch 94 results nng;-
closing valves 62 and 63 in SSTT 60. Manual switch 95 is normally open. [ 7@
Closing switch 95 activates |latch assenbly 61 to di sengage upper string 2%
for SSTT 60. Manual swtches 94 and 95 are preferably provided -15- w
interlocking handles to prevent unlatching of upper string 25a before
.val ves 62 and 63 are closed. Placing these manual switches at cable reel 71
provi des backup protection if neither console 73 can be operated. Console
73 gener at f. S , ' | . ' The. .
rodem of gn it SRsSHinek s e € SR AR Do BpE Ry Of Fifber 'SEring

| nt er chang | ' ' - I ' '

pr oduced b)?#é\?grf?i)rﬁg tqé)ggol%azgir%f \(/)4‘5 %ke&%éﬁfhgﬂ%qtﬁeééggﬁynﬁ%
conduct or lgiwi@chésCalt icablle e 1S AN ProvdiAdh oL 08P pEGtest{6n I {6 neither
contai ned within atnospheric chanber 40a. The DC signal on line 72 is
transm tt ecodisodet A3 Can deodperdteand 99 to sol enoid val ve 42 which
controls the latch assenbly. This arrangenent bypasses the m croprocessors
and ot her el ect r Foalsodenidnaene natese two | wyrpe s ofits ignabs ana unciden reignal
di sconnect of upper string 25a from SSTT 60. As best shown by the bl ock

di agr am of a8pfigér BC5 signgd .deMhe modem signady dif Modiaked Anexigam| of the

- DC vol tage _whi ¢h %ontrols sol.enoid val ve 42. Therefore, an unlatch signal
. Standard Code for Information Interchange (ASCII). The DC

signal which controls the latch assembly is produced by

~ | reversing the polarity of the DC voltage on line 72. Single
conductor line 72 carries these signals to the electrical -
ci;cuits contained within atmospheric chamber 40a. 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 microprocessors and other 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
\_/ delay relay 91 prevents immediate reversal of the bC voltage
which controls solenoid valve 42. Therefore, an unlatch signal
is first sensed by power intérrupt’relay'93 which causes SSTT
valves 62 and 63 and retainer valve 66 to close before latch
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, é'loss of the DC signal
| does not cause uppe:.string 25a to disengage from SSTT 60. The

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



Is first sensed by power interrupt relay 93 which causes SSTT val ves 62 and
6, nd retainer valve 66 to close before latch assenbly 61 is actuated.
%E%EQoid valve 42 requires a reversal in the polarity of the DC signal on
Ie¥72 before |atch assenbly 61 is actuated. Therefore, a |oss of the DC
si gnhal does not cause upper string 25a to disengage from SSTT 60. The
‘direct DC signal to solenoid valve 42, tine delay relay 91, and -16- the
requirement for reversal in polarity atRi greatly to the safety of well
testing. Chanber 40a contains identical primary and secondary circuits-E;
Jom

whi ch proc A [ I Cisr.cul LCeIV S,

e 72, versospaeTRERENE, PF! relRTRELT A b P Al SR XS oo
val ves 41,sgget9r°§4wg§§oggggg535 Each circuit contains a m croprocessor
100, nodem 101, val ve driver 102, analog to digital converter 103 and

signal conditionghagibe2MRbafl cohtaQhsWiideh tdQHY igS s BOrdnd s sdorddwryreans
for opening and closing renptely |ocated val ves 62, 63 and 66. Various
comer ci al ¢yraeudtsabhéchopponesss then mod ema tsigfrandt .or iThedss afi tquitte present
i nvention. Exanples of such conponents are m croprocessors designated K9000
SERI ES fr orededvewaovem&ndpeighads, fCetalivie 72y Bualidiatye tYenderdridls with
Pennsyl vani a 15486; nodens desi gnated COLOR COVPUTER MODEM from Radi o
Shack; andcantfel censpyet 2B, candeprcsugtegesiodencdd KEIOESHEYESIr on 44
Transwave. Modemsignals fromline 72 are directed to each signal bus 105
vi a fi|teragﬁgr@ﬁ@ggy106Eacnbgéﬁpg@$ contains a microprocessor 100, modem

101, valve driver 102, analog to digital converter 103 and \_)
signal conditioner or amplifier 104 which comprise a portion of
the means for opening and closing remotely ;ocated valves 62,
63 and 66. Various commercially available compbnehts can be
satisfactorily used in the present invention. Examples of such
cbmponents are microprocessors designatedlKQOOO SERIES from
Transwave Corporation, Cedar Valley Building; Vanderbilt,
Pennsylvania 15486; modems designated COLOR COMPUTER MODEM from
Radio Shack; and analog to digital converters designated K9000
SERIES from TranswaQe. Modem signals from line 72 are directed
to each signal bus 105 via filter and choke 106. Modem 101 e
translates the signal for its associated microprocessor 100.
Microprocessor 100 responds to properly validated signals by
causing its associated valve driver 102 to activate the
appropriate solenoid 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 voltagé.

Valve driver 102 directs each DC voltage to the appropriate

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



translates the signal for its associated m croprocessor 100. M croprocessor
100 responds to properly validated signals by causing its associ ated val ve-
driver 102 to activate the appropriate solenoid valve 41, 43, or 44. Val
drivers 102 maintain sol enoid valves 41, 43, and 44 energi zed by produci
nmul ti pl e DC out put voltages or de-energize the appropriate sol enoid by

st oppi ng the associ ated DC out put voltage. Valve driver 102 directs each DC
voltage to the appropriate sol enoid vaﬂaé. If line 72 shoul d break,

sol enoi d val ve 42 -7- remains closed (latch assenbly 61 renains

| at ched), %@%éﬂﬂéﬁEﬁdLé@“Nfgtéﬂﬂaéggmﬁﬁyléf‘f&ﬁiin&OISQEEEdp%Q&HdeSitiOn

whi ch causes SSTT val ves 62- and 63 and retainer valve 66 to close. Choke
and filter sklfencii@nadlvenddill,i oieyr arit, 44rshibeicte 1OHeLabbeedpes ttion
classified as peripheral interface adapter neans. Analog to digital
converter Wiiamcdawmdes SENV erdliied B tarmh @Frenidil tgtabnar Seakvei 66 desoder .
Si gnal - bus and power supply 105 provi de neans for interconnecting

m cr opr ocesdmsel.00 Ghake tandriigrteamullée reignal wandi ttoperi pPs aaind modem
‘interface adapter neans resulting in mcroprocessor 100 controlling

sol enoi d vaQlesan beiBanrraddy rlasgpichied tas \peTipheral intesface adapter
speci fic enbodi.nent shown in this application, the primary circuit is_also

referred t 3APStee MO R AIRFRY Iﬂfﬁ)"%ﬁfsﬁ"fenlroﬁ HRA t Falve dhive 1 02 reuit
o5 00D e A R R i PR MR, G b ke pie!
supply 105 provide means for interconnecting microprocessor 100
and its programmable memorf with the peripherai interface
adaprer means resulting in microprooessor 100 controlling
solenoid valves 41, 43 and 44 in response to validated signals.
In the specific embodiment shown in this application, the
priﬁary 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
\J parameters. FigureIBB shows transducer 108 which monitors
pressure in chamber_4bb and sends an appropriate signal to
console 73 via signal conditioner 104, analog to digital
converrer 103, microprocessor 100, modem 101, interconnected
with each other by signal bus 105, choke and filter 106, and
line.72. Other parameters. which can be measured and sent to
conoole 73, are pressure and temperature of accumulator 50,
voltage across'solgnoids_QI,,42, 43, and 44, fluid pressure and
temperaturé within test string 25, etc. |
As best shown in Figure 4, control console 73 contains

circuitry similar to chamber 40. Major differences are DC



Control console 73 nonitors a wide variety of downhol e paraneters. Figure
3B shows transducer 108 which nonitors pressure in chanber 40b and sends an
,;ﬁoprlate signal to console 73 via signal conditioner 104, analog to .
pEital converter 103, microprocessor 100, nodem 101, interconnected with
eackr-ot her by signal bus 105, choke and filter 106, and line 72. O her
‘paraneters, which can be neasured and %Fnt to console 73, are pressure and
tenperature of accunul at or 50, voltagé across sol enoids 41, 42, 43, and 44,
fluid pressure and tenperature within test string 25, etc. As best shoqﬁ}
Figure 4, control console 73 contains circuitry.simlar to chanber .40.

Maj or di f PoOwerc supRlY 309, mq_rait%vM s@mllyezoaadnaﬁl-tosxenalanaské}Opad
90. Signal hus I1Q -nmodem 111 and n1cr8£rocessor 112 are simlar to those
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signal to control ch assenbly 61. Manual sw tch”114 can be close
_extensive programmability of m1croprocessors 112 and 100 and

their associated memory. Appendix A shows an example of the \/
data entry capability of key pad 90. 'Figures 7, 8, and 9 show
the displays-avaiiable on monitor 84.'..

Power supply 109 provides a DC voltage which powers
the electrical components shown in'Fignre 3B énd a signal_to
control latch assémbly 61l. .Manual switon 114 canlbe cloéed to
.send this DC voltage via lines 85b to energize solenoid 42
which releases latch assembly'ﬁl. Manuol switch 115 can be

- used to close SSTT valves 62 and 63. Preforably,_manoal
switches 114 and 115,.contained in explosionforoof box 80, are
interlocked such that latch assembly 61 cannot be released
until after SSTT valves 62 and 63 aro closed;.

Figure 4 also shows an additional safety feature within
box 78. Pressure swiich 120 senses nitrogen pfessure within
console 73. If sufficient préséure.is not proseﬁt; s&itch 120
de-energizes console 73 resulting in the cloéure of SSTT valves
62 and 63 unless another console is satisfactorlly operatlng.

Duplicate, redundant components are used throughout the

electrical system-so that the faxlure of one component will



'send this DC voltage via |lines 85b to energize sol enoid 42 which rel eases .
| atch assenbly- 61. Manual switch 115 can be used to close SSTT val ves ¢ > "
and 63. Preferably, manual sw tches 114 and 115, contained in [
‘expl osi on-proof box 80, are interlocked such that |latch assenbly 61 ca
be rel eased until after SSTT valves 62 and 63 are closed. Figure 4 also
shows an additional safety feature mﬁthlg box 78. Pressure switch 120
senses nitrogen pressure wthin console 3. If sufficient pressure is not
preseqt, switch 120 de-energizes console 73 resulting in the closure of

SSTT, yal vespgg %ggﬁg%g%gﬁgﬁggp her sol e.is sati s%act %A%lb%er%yﬁn
Dupl i cat e, u
so that the Bﬁhln eaQE 8 t%&'iﬁ?@e@;&o""'éontzol Jc%ns%‘ltetscafks%ri e S

fail. Exanp?es o suc cate“com ponents are installing two con

consol es 73y@agdl| !I.b' aaaveaaebrma%d a3 ¥y ryare.ﬁk:%%awaw &meazt S4d n
chanber 40. The follow ng comrents are made with ference to con- trolling
the well testing systemof Figure 1 which has a hydraulically actuated
SSTT, latch assenbly, retainer valve, and retainer valve | ock. SSTT val ves
62 and 63 and retainer valve 66 are opened by control fluid pressure and

cl osed by spring force when control fluid pressure is vented. Retainer
val ve 66 can be | Barefotlowingbgommepityi ngecmwlftlhur@fm ¢a canre

| ock nechanlsn1£$ot shown) . The vent path for the deraullc st em of
Figure 2 ist¥ed ﬂ?dFBﬁlV&lilﬁE§t529 system of Figure 1 which has a

hydraulically actuated SSTT, latch assembly, retainer valve,

and retainer valve lock. SSTT valves 62 and 63 ahd retainer
valve 66 are opened by control fluid pressure'and closed by
spring force when control fluid pressuré 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 respective 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
W 3,071,188, if desired. Those skilled in the art will readily

see that the p:esenﬁ invention can be adapted to contrél other
. remotely located valves or well tools.

Personnel aé console 73 can open or close SSTT valves 62
and 63, engage or disengage latch aséembly 61, open 6: close
retainer valvelés. and 1ock.v£1ve 66 closed as desired. SSTT
60 and retainer valve 66 are controlled by first depressing the
appropriate key (RET, LOCK, or SSTT) ion 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



53, 54, or 55 via the respective solenoid valve 41, 42, 43, or 44 and then
iéﬂ&?bore 20 of riser 19. Latch assenbly 61 nay al so be nechanically _
Giég‘gaged as taught by Raulins Patent 3,071,188, if desired. Those skilled *
intThe art will readily see that the present invention can be adapted to
control other renotely |ocated valves or well tools. Personnel at console

73 can open or close SSTT val ves 62 and 63, engage or di sengage | atch
assenbly 61, open or close retainer v&Ure 66, and | ock val ve 66 cl osed as
desired. SSTT 60 and retainer valve 66 are controlled by first depressing

“the appropgpiakagk QamaHa T e 9 oD & HaE} '
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depr essi ngnembRgtoth84¢! OTRERY RINAIVhKVawbe repéat&dly NFér £drme&ach
command and the response thereto is displayed on nonitor 84. These

functi onswithobe hapéagedioy rearfieveEse?T ltand o NotéSt 194 rs€yendSIT 60
and/or testing string 25 fromwel |l head 14. Key pad 90 does not have a key
whi ch confromswedibiadsddnbl Keyl pathe G rédagsamath| favapabkey twkischf control
console 73 and the validation of command signals greatly enhance the

rel i abil i €9nhRElgatatghopsiemblyeftli.ng ThEhPrARRAlm edpabibitieal and
hydraul ic systens results inﬂ%uicker val ve response. The present invention

provi des efedentrploteneails Wi lpddithehalddation eeqermand ontgnalsingl e
o rarRREL] enBanA kRertaduaud 1 Uy Und Fheedy or 'vefd "Eeselng! ' "

The combination of electrical and hydraulic systems results in k_)
- Quicker valve response. The.present invention provides these
improvements while at the same time requiring only a single
hydraulic hose and a single conductor electrical line.
In a well testing system of the type shown in Figure 1,
several requirements must be satisfied to ensure safety.
_Firét, valves 62 and 63 must respond quickly to closure
signals. As water depth inéreases, the résponse time for
hydraulically operated valves also increases. By incorporating
solenoid valves 41, 42, 43, and 44 into the present inVehﬁion
as pilot valves for other primary valves such as SSTT valves 62 o/
~and 63, the response time of an electrical signal to the |
solenoid valves results in much faster valve response time as
compared to a purely hydraulic ﬁystem. - The downhole components
of the well testing systems must respond only to valid §ignals
and not electrical interference or noise. Signél validation or
verification between microprocessors 100 and 112 provides this
reliability.
Ptipr to uﬁlatching.uppet test string 25a from SSTT 60,

valves 62 and 63 must be closed. Also, when testihg high

-
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several requirenents nust be satisfied to ensure safety. First, valves 62.»
and 63 nust respond quickly to closure signals. As water depth increasg
the response tine for hydraulically operated val ves al so i ncreases. By
incorporating sol enoid val ves 41, 42, 43, and 44 into the present inventTon
as pilot valves for other primary valves such as SSTT val ves 62 and 63, the
response tinme of an electrical signal to the solenoid valves results in
nuch faster valve response tine as comgadred to a purely hydraulic system
The dawnhol e conponents of the well testing systens nust respond only to

val id.signal s and not ﬁiectrlcg gte ference or noi se. Signal validatiagn
or verlflcxﬂﬁfﬁﬁﬁﬁﬁwﬁ% ﬁ?c?ﬁﬁ'bﬁg a5ty EBSSSnBaYIQQpPo4PJ§§ FRngentration

i abi | h |
65 hod 63 RE94E Aeedfp if‘é%fgﬁhgﬁe%etgﬁihgaﬁ%bﬂge &lpseduks peenent’® S
i | | ' | 6
Bhoul d ai s ‘y'bé@f‘g%‘ie]?‘%gg%é‘ SE PaEqC PR LbBR kL TRy DERY, [Tk HRSYFed]
string 25athd(fikﬁéﬂﬁﬂbm$$ﬁaﬁiﬁéeﬁio@ﬂ@@ﬂ'HEQBUPEQVb@eﬁyarﬁgﬂ Ee§QL1d to

hydraulic fluid to | ock retainer valve 66 closed tiple redun

i nterl ocks Jck fewdiitek tvarve U6 ¢hosedal vRG162p2edrédunasnt! eaedrhetree
latch assenbly 61 is actuated. For exanple, on loss of elec- trical power,
sol enoi d varee prdviaided tos emssurse| that dvabves 62 and 68l grbechpseddblfore
reversing the polarity of the DC voltage on line 72. As previously noted,
this DC si diich asaamblon-6k ris |actwytedy oforhexanpleproneiesesofValeons

mechani cal .and
- trical power, solenoid valve 42 fails as is. Solenoid valve 42

~ can only be opened by reverszng the polarity of the DC voltage
on line 72. As previously noted, this DC signal is not con-

- trolled by any of the microprocessoré. Various mechanical and
_electtical interlocks plus time delay relay 91 cause valves 62
and 63_£o close before_the DC signal activates solenoid valve

42,

Finally, control console 73 monitors critical parameters
of the hydraulic system, electrical system, and well £luid
being tested. Monitor 84 displays these parameters and

N Qa:nings if required. Key pad 90 provides limited program-
mability and data entry including changing the safe operéting
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 Figure 8

is present on monitor 84 during well testing. Programming

-entries are made by firsﬁ'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 B lists the various parameters and/or limits which can



el ical interlocks plus tine delay relay 91 cause valves 62 and 63 to

cl\ bef

ore the DC signal activates solenoid valve 42. Finally, coentro

conSeIe 73 monitors critical paraneters of the hydraulic system electrica
system and well fluid being tested. Mnitor 84 displays these paraneters

and war ni
and dat a
par anet er .

on nonitor 84. Normally, the display shown in Figure 8 is present on

ngs if required. Key pad 90 provides limted program nmability
entry including changing the safe operating limts for each
One of three displays as shown in Figures 7, 8, or 9 is present
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The full
Appendi x

kgxkb qn% on nonitor 84 .during this time is shown on attached
pen

lists the various parameters and/or limts which can

-22- be enteredrhat«a;@pqra@prsqm% %wnsﬁeeﬁnﬂiéo% ssdiéegaa%on

noni tor 84. The display shown in Figure” 9 can al so be se ected

depr essi ngephessRAGEtHec " PAGE™ Kedf | - PHé Bé £le-Rand hezdesafatnenabgphay
Figures 8 and 9 shows the present status of the downhol e equi pnent and
syst em paianebeh Figaresgi® dmhd shewsftibotpreseptagsatosFoguthe 8 and 9
shows commands whi ch have been entered into the system In Figure 8, these

conmands

downbbdec equipment \a1d syEker |paranetet ockTherrightrhandvaide 66,

of both displays in Figures 8 and 9 shows commands which have

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

close retainer valve 66, close the lock for retainer valve 66,

. and close SSTT valves 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

.eXxceeds its preselected limits, microprocessor 112 will cause a

red "WARNING" to appear in this same box and an audible warning
to sqund. Also, any parameter.outside-Of.its'limits will be
highlighted on the display of either Figure 8 or 9.

The progrémmable capability‘oflcontrol console 73
provides excellent training for personnel. Various well
conditions can be simulated and the appropriate response
thereto displayed without having to acthally operate downhole
equipment. Control consoles 73 can be used in a classroom as
effectively as onboard drilling vessel 10.

The word "RECEIVING" is displayed in the lower left-hand

corner of Figure 9. This word indicates that microprocessors

100 at the remote location are transmitting signals to micro-
processor 112. For this particular embodiment, signals are

transmitted from control console 73 for approximately one-half

&



and cl ose SSTT valves 62 and 63. In Figure 9, open commands for these same
conponent s, are-shown. Both Figures 8 and 9 show a small box which reads A=
S SYSTEM OK". If a critical paranmeter exceeds its preselected linmts,

m croprocessor 112 will cause a red "WARNING' to appear in this sane box
and.an audi bl e warning to sound. Also, any paraneter outside of its limts
wi Il be highlighted on the display of either Figure 8 or 9. The
programuabl e capability of control con36Pe 73 provi des excell ent training
for personnel. Various well conditions can be sinmulated and the

apprpri at ear sepond cahlicreteoidedpbayidfoirt Appiroxdwate Iy 42Gleddnds .OpANFt €
downhol e equi pnent. Control consoles 73 can be used in a classroom as

ef fecti vel ycommand®awhiichi aréngotevadidabedTheuser ciRECHErIcH@sars 1distloayed
in the lower left-hand corner of Figure 9. This word indicates that

ni cr opr ocesSbAsh 1@warning eenthe ddenlaynofr bothaFdguns By adidgPal s to

m cro- processor 112. For this particular_ enbodi ment, signals are

transmitt e“PRRAX LSPR (BFf CORBANG FRIPRLS PBLYLPRaRdICFORTOCeSSOrs nuUsSE 4

d d ' f j mately 4 ds. A ds whi ch
e not val THArAHTdateE heEbrs druabole tedulphanaoran ke meng oot
di spl f both FEi 8 d 9. ' f i_gnal t
T ot opy ocessors I LES RATTuhi X6 Berer ELABANRBRERELG JAE 4y BEG e are
tivated.- L Ok | . £ ;
acty vated, OOl HEL e 0ty BRRRECMIRIZHARH F1cHAR dhetBeron
fluid pressure flowing therethrough to open SSTT valves 62 and

(A

~ _ 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 Figuré 3B block the DC
voltage present on line 72 from flowing to solenoid 42 prior to

/ reversing fhe polarity. Therefore, a loss of electrical power
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.



fluid pressure flow ng therethrough to open SSTT val ves 62 and 63 and
reganner valve 66. Sol enoid valve 42 is de-energized with its vent -path
s#gand Dbl ocki ng control fluid pressure fromlatch assenbly 61. Upon | o0ss
of ~af*. el ectrical power, solenoid VA ves 43 and 44 are de-energi zed which
opens:their respective vent flow paths and cl oses SSTT val ves 62 and 63 and

" retainer val)f 66. As previously noted,, solen jf \r%ve 42 is only actuated
by reversing F‘ﬁe958ls§ R HERDI R ITE Y

h j ' 3 | t i 72 f f i ng-to
ol ency 55 e BB br Menbbeo) BRERRIEVELICY, | odé, ghillga th "I

el ectrigal apeWRE 100282RQN yCHEE JHIEY dritSdd SidA LY &%%@tdé %Lf om
| cCa coO

SSTT 60. Loss of mcroprocessors 112 or 100 or other electr onent

¢

apted) AT Ahd 99 as .

causi-nfromf shéuseope bhd mpdantSichaihd e dmt idh NI 19 &ekfked |ashed on:

nonitor 84. However, solenoid valves 41, 42, 43, and 44 remain I1n their
| ast poisetcbaimgherefore, well testing can continue while personnel

troubl eshoot the el ectronic conponents.  -24- The present 3Fi¢EmPon can
be readily d LOHIGe ©4 "Gy YOk | PACOAE PpYuWi gby bocaisd val ves.
Those @LU%@,@&@\@# & @g‘ﬁ@y&mt e o i e hout

depar tkag b oRdd Bre a8, 3L
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the clajnms. Reference is made to our UK Patent Application 8512250 (
public +_9111q=;é, 2159195 ) from which the present specification has been

o

i
3



-25- APPENDI X- A DATA ENTRY TOTAL LI NE LENGTH 10000 KEY I N THE VALUE - PRESS
"ENTER' OR.PRESS "ENTER' ONLY TO LEAVE- A VALUE UNCHANGED. THI S PAGE N
[.NTERRUPTS COVMUNI CATI ON W TH THE DWA. THEREFORE, THERE IS A TI ME-QUT g7
FEATURE VWHI CH CAUSES AUTOVATI C CYCLI NG AND RETURN TO NORVAL OPERATI ON I K
KEY |'S PRESSED FOR 10 SECONDS. (HOLD THE "PAGE" KEY DOAN FOR 3 SECONDS TO
RETURN TO THI S PAGE.) - 26- APPENDI XO_I_EI’2 {_EXAI\/PLES OF DATA ENTRY) DEEP
WATER ACTUATOR SYSTEM (1 or 2) DEPTH TOTAL LI NE LENGITH ( ELECTRI C) MJD
VEI' GHT > MAXI MUM HYDRAULI C SYSTEM PRESSURE M NI MUM SYSTEM ACCUMULATOR
PRESSURE M NI MUM LATCH ACCUMULATG®pERISERRE RETAI NER VALVE FULL OPEN .
PRESSURE ' '

DATA ENTRY

KEY IN THE VALUE - PRESS "ENTER"
OR PRESS "ENTER" ONLY TO LEAVE

A VALUE UNCHANGED.

THIS PAGE INTERRUPTS COMMUNICATION WITH THE DWA.

THEREFORE, THERE 1S A TIME-OUT FEATURE WﬂICH CAUSES
AUTOMATIC CYCLING AND RETURN TO NORMAL OPERATION IF
NO KEY IS PRESSED FOR 10 SECONDS. - (HOLD THE.?PAGE"

KEY DOWN FOR 3 SECONDS TO RETURN TO THIS PAGE.)



RETAI NER VALVE FULL CLOSED PRESSURE UNLATCH PRESSURE SSTT FULL OPEN

PRESSURE SSTT FULL CLOSED PRESSURE =27- CLAIMS 1. An el ectronic
CceEDOI consol e for operating selected ones of renotely |ocated val ves each

one—df . whi ch "has associated therewith a m croprocessor and receiving and
transmtting nmeans for storing a received command signal, retransmtting
the identical received command signal and responding to a unique enable
signal to operate the associated valate; the control console conpri sing:
-a. sel ectively programmbl e m croprocessor neans; b. means connected

to the m croprocessor neans for tran&gkﬁtin and receiving signals alon
singl e conductive path connected bet 5ontrol consol e ‘and each one

of the renotely | ocated val ve S p to the m croprocessor
means for generating a connan§E5|gnaFgfégi8é§§v§ﬂ§?¥z sel ected one of the
remotely | ocated valves to be operated and coupling that command signal to
the transmtting neans for transm ssion along the conductive path; d.

nmeans |npggbewagggrg@@gg@gﬁpgysqggpq]_Qﬁ§ggnse to receipt by the.
recei ving neans of the |dent|ca
. DEPTH
TOTAL LINE LENGTH (ELECTRIC)
MUD WEIGHT
MAXIMUM HYDRAULIC SYSTEM PRESSURE | - | i“/
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



command signal previously transmtted for validating comuni cati on between
the control- console and the selected rerotely | ocated valve; and e. . neal
responsi ve to validation nmeans of the cgnmand signal by the m croprocesso@
for generating a unique enable si gnal"a%d ctoupling that enable signal to

the transmttin means for transm ssion along the conductive path to
operate the d renotely located valve. 11111111 111111

111111111111311  Ap 8ecdronit) AIBHIOMHERSONY My GPSAU LS defddiady i n
Caimt further conprisi ng }<e¥ﬂgag gnd 3 nmoni t or, di spl ay e'THSqtrl cally
connécted t 0°PRE nftr G5TECESor 1RERRES F21VER, BRER1 BIF cCLorPibh ol e
as defined i ps€ogimtedortRefewt bier aconipricpmyesssor amdnseclkdiring and

si mul t aneous i I ' L 1t ne or

nmor e nodul at ggaﬁgggi%g%%ﬁg%ﬁr?\gfsé % r_onqsé[ %gqjceocﬁe{l&ﬁd éaﬁo%?l'{smo &e‘i a o%gnga%t’he

si ngl e condufet¥ansaiftingd the identieal} erageivedconmmendngignelD@ndl t age
signal to theesbBgldengonddct hVeuRaglie Wk £HYe t h_ﬁg:,{aqnsm,t tggeppgl@mgyegnal

is validated_and th ssoci ated . val ves operated prior tg the DC voltage
bei ng connec?§5°f’63“t%ﬁ b'éﬁﬁ’et’o 5‘|5’er°é‘t“etréﬁ1 VAL & SPNLS inat ed val ves.

‘a. selectively programmable microprocessor means;

b. means connected to the microprocessor means for
transmitting and receiving signals along a single
conductive path connected between the control

~console and each one of the remotely located valves;

0

means responsive to the.microprocesso:-neans ror
generating a command signal indiéative of a
selected one of the remotely located valves to be
operated and coupling that command signal to the
transmitting.means for transmission along the |

conductive path;

d. . means in the microprocessor means response to

receipt by the receiving means of the identical

\_/ command signal previously ﬁransmitted for validating
communication between the control console and the

selected remotely located valve; and

e. means respohsive to validation means of the command
signal by the microprocessor for generating a unique
enable signal and coupling that enable signal ﬁo the
transmitting means for transmission along the
conductive path to operate the selected remotely

located valve.

* [ L M S *



4. An el ectronic control console as defined in Claim1, 2, or 3 further

conprising: a. means for storing limts for selected physical
par. ers the value of which is toye nonitored by the control console; b.
mea or changing the value of the stored |imts; c. means for receiving

signals indicative of the value of physical paraneters neasured at renotely

| ocat ed posﬁt.' ONS aleONG: tdth 54 NSt £ONAEEhEY¥EePaEN detinedeBNSCIDIm 1
conparing the value of measured physi cal raneéers with the,  stored _
limts forfurkbersaRempIisidiger & n RggroBP celsdPORBERE; HPkeY ¢
L S * e1238tr8cal I atmndctredriayitdien gniair g ryan s stoh ceéams). when t he M
val ue of any received value of a neasured physical paraneter is outside the
stored limts for that paraneter. 5. An el ectronic control .consol e_as
defined in &y ofAnCedientrionic scontrakbrcenaplesesgdefinedy SpUrkaimflinert

gas connect gd 50¢l,R@ neNYnfpriding: Means for regulating the flow of inert
gas into the console; and c. a pressure switch to interrupt electrical

power to the panel when the pressure of the inert gas drops below a
presel ect edaval Ugeans for simultaneously generating a DC voltage

signal and transmitting one or more modulated modem
.command signals from the control console along the

single conductive path; and

b. a time relay for connecting the DC vo}tage'signal to \‘j
the single conductive path whereby the transmitted
modem signAl is validated and the associated valves
operated prior to the DC voltage being connected to
the path to operate all other remotely located

valves.

An electronic control console as defined in Claim 1,

2, or 3 further comprising:

a. means for storing limits for selected physical
pafameters the value of which is to be monitored by

the control console;
b. means for changing the value of the stored limits;

c. means for receiving signals indicative of the value
of physical parameters measured at remotely located

positions along the single conductive path;

d. means'for compéring the value of measured physical
pafameters with the stored limits for the same

parameter in the microprocessor means; and

) O D 0
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6. An el ectronic control console according to Claim1l substantially as
descri bed herein with reference to and as illustrated in the acconpanying
drawi ngs. 11111111 111111 11111-11111111121

e. means for providing an alarm indication when the

value of any received value of a measured physical

— . parameter 1is outside the stored limits for that
parameter. '
5. An electronic control console as defined in any of

"Claims 1 to 4 further comprising:

a. a source of inert gas connected to the console.:

b. means for regulating the flow of inert gas into the

console; and

N :

c. a pressure switcen to interrupt electrical power to
the panel when the pressure of the inert gas drops
below a preselected value.

6. An electronic control console aécording to Claim 1

substantially as described herein with reference to and

as illustrated in the accompanying drawings.

* c L M s *
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