Devi ces and Methods for Transm tting EDS Back-up Signals to Subsea Pods
BACKGROUND TECHNI CAL FI ELD [ 0001] Enbodi nents of the subject matter

di scl osed herein generally relate to devices and nethods for transmtting
backup energency di sconnect signals (EDS) to subsea pods configured to
control bl owout preventers. DI SCUSSI ON OF THE BACKGROUND [0002] G| and gas
extraction remains a critical conponent of the world econony in spite of

i ncreasing chal l enges regarding the accessibility of the oil

reserves and

the safety of the explDevie¢s and Metimndsiforl Trangnzittired f shore | ocations to
extract oil and gas fromunder the sea floor is w dely used worl dw de.

Subsea oil and gas exEpPS®EicKlupBighars f&YSibsBaPsd! | enging as sea depth

at the well | ocations increases.

BACKGROUND

TECHNICAL FIELD

[0001] Embodiments of the subject matter disclosed herein generally relate to

devices and methods for transmitting backup emergency disconnect signals (EDS)

to subsea pods configured to control blowout preventers.

DISCUSSION OF THE BACKGROUND

[0002] Oil and gas extraction remains a critical component of the world

economy in spite of increasing challenges regarding the accessibility of the oil

reserves and the safety of the exploitation. Thus, drilling at offshore locations to

extract oil and gas from under the sea floor is widely used worldwide. Subsea oil

and gas exploration becomes even more challenging as sea depth at the well

locations increases.

[0003] An offshore oil and gas installation 1 includes a subsea blowout

preventer stack useable to seal a wellhead for safety and environmental reasons.

As shown in Figure 1, the subsea blowout preventer stack includes a lower blowout

preventer ("BOP") stack 10 attached to a wellhead on the sea floor 20, and a Lower

Marine Riser Package ("LMRP") 30, which is attached to a distal end of a drill string

40. The drill string 40 extends from a drill ship 50 (or any other type of surface

drilling platform or vessel) towards the wellhead. During regular operation the lower

BOP stack 10 and the LMRP 30 are connected. At times, blowout preventers 25
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[ 0003] An offshore oil and gas installation 1 includes a subsea bl owout
preventer stack useable to seal a well head for safety and environnental
reasons. As shown in Figure 1, the subsea bl owout preventer stack includes
a |l ower bl owout preventer ("BOP") stack 10 attached to a well head on the
sea floor 20, and a Lower Marine R ser Package ("LMRP') 30, which is

at t ac heshted imnthes lowar BERI steickal Odand in ’@BrhMBPm maybealelpsed sTheddRB ext ends
froma drill ship 50 (or any other type of surface drilling platformor

vessel3D maybediisdédmmestdd fremcdhe MowenBOPestatian Ocgrer @trievedt toche eweiacB0OP st ack
10 and the LMRP 30 are connected. At tinmes, blowout preventers 25 | ocated

I Nt hged G theBoRes B sﬂébka’ﬂﬂaidg thBGvdiMBBA 36n TRy s&4 fisbeSBAThTBEfok MRP 30 may

be di sconnected fromthe | ower BOP stack 10 and retrieved to the surface
| eavi

Thus, RS S EMIE RO RbeTs SuRct o E Rt yien RfRRht Wefler

i ncl enent her e en, use of. the wellhead is terrporarlly
stoppé%exif?\l\fg%élf)ﬁwg@f‘rlfs@p‘?ﬁbﬁmeglbevﬁd? WW&‘PLY%" P nes 60 t ransport
contral signals fromthe surface (i the drill ship totvvo pods 70

and 7500@dlch ar Elegtrieal daabd%amdmphwauimnwéoﬁ@%p% CSHHOV%'QBBW FQ.’FT‘ t he
BOPs and other devices in the LMRP 30 and the | ower BOP stack 10 accordi ng
to si ¢mabsrface Gievdbefdriimhiph 805t thaceods 7@ andtAfewhichlare plairippof3be LMRE t wo
pods 70 and 75, known as the "yell ow' pod and the "blue" pod are

subst 30t iTHd twd pleds ¥0 andadrBlcaiteal tite BERsdad otheridewicesiifh thaeMRIP 139, t he
ot her takes over). [0005] Upon receiving an EDS signal, the pod(s) 70 and/or

75 Co%ﬁ%ﬁ%\ﬁéﬂ I§'©P0§ta{:lb‘?0%ggérdm E&ﬁgh@/ﬁﬁeé@wéaqr&ﬁ%é %c@@% SthéCk 10.

However e EDS signal may not reach™the pods 70 and 75 when t

?Lgfirghﬁ%hlp $pnins Rgfbﬁﬂé'?s%b?”%é R RPN e %ﬂp‘fbﬁeﬁw : b8 cal ©
60 b

ot er 2 PUS AL DHEENG3) AR Sale EHLHBERGY (451 LANEIRTR. (DB G0 %ﬁe

necessity to send an EDS Si gnal fromthe surface to the pod(s) 70 and/or 75

occur ovenf the EDS signal does not reach the pod(s) 70 and/or 75 and the
BOPs are not closed, the consequences may be dire for the operating

per so{0@05] t he emninpeeelvirth EDS eignal, dmerpodl(s) /OGO dn7S comtrolndosihg at i ons,
an acoustic backup EDS signal may be
of the BOPs of the LMRP 30 and the lower BOP stack 10. However, the EDS signal
may not reach the pods 70 and 75 when the electrical cables 60 are unintentionally
interrupted. In order to receive the control signals at the pod(s), physical continuity
of the electrical cables 60 is necessary. However, the electrical cables 60 may have
been interrupted accidentally when an emergency situation triggering the necessity
to send an EDS signal from the surface to the pod(s) 70 and/or 75 occurs. [f the
EDS signal does not reach the pod(s) 70 and/or 75 and the BOPs are not closed, the
consequences may be dire for the operating personnel, the equipment and the
environment.
[0006] In some installations, an acoustic backup EDS signal may be

transmitted acoustically via the sea water. However, when a distance between the
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transmtted acoustically via the sea water. However, when a di stance
between the water surface and the LMRP is large, this acoustic backup EDS
signal may be dunped and lost. In addition environnental interference in
the sea water due to the energency situation occurring could prevent the
acoustic backup EDS signal from being received properly subsea.

[ 0007]RleppHITAGE gndithe %?Mﬁ% iplargi dhisanosstie bpelgwR B RsBRBKMEYR®ans i ssi on
of the EDS signal fromthe surface to pods attached to the LMRP, using
anot heturppedantidostt he aghgionrdnyabnoebta sntarféreorcevattbe seelwatar dSeromRY

[ 0008] According to one exenplary enbodi ment, a backup energency di sconnect
si gnalerh&fdBhcy sitnstidrs scaurriay sbeakh preesht el atoastiobhskgs EDS sigaadfrgms
installation i1s provided. The systemincludes a pressure pul se generator

confi gyiiRdl d i@RNSIpeRydupkeast one of positive and negative pressure
pul ses to forma prede%/erm' ned pressure variation pattern corresponding to

an. eTRREPEY i SEAnNERh Syl bl 1 LR 4 BadcBilafOb i 881 o o

drill g, the preés ul'Se ‘genera el ng 1 ocat a surface end

f th I Th furth i ncl,yd t
oht  SUPEDS Sak P Pl DU ek U5 PSS ePE R BE e o
a subsea |l ocation close to bl owout preventers. [0009] According to one
exenpltBpy therblegiriaaheablgn appfanvater sPlundhd gas

SUMMARY
[0008] According to one exemplary embodiment, a backup emergency
disconnect signal (EDS) transmission system useable in an offshore oil and gas
installation is provided. The system includes a pressure pulse generator configured
to generate at least one of positive and negative pressure pulses to form a
predetermined pressure variation pattern corresponding to an emergency disconnect
signal, in fluid flowing in a mud column inside a drill string, the pressure pulse
generator being located at a surface end of the mud column. The system further
includes a pressure pulse receptor configured to measure a pressure of the fluid
flowing in the mud column, at a subsea location close to blowout preventers.
[0009] According to one exemplary embodiment, an offshore oil and gas
installation includes a surface drilling platform or vessel, a lower blowout preventer
(BOP) stack attached to a wellhead located on a sea floor, and configured to
interrupt a fluid flow from the wellhead, and a lower marine riser package (LMRP)
detachably attached to the lower BOP stack. The offshore oil and gas installation

further includes a drill string configured to allow the fluid flow between the wellhead
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installation includes a surface drilling platformor vessel, a |ower

bl owout preventer (BOP) stack attached to a well head | ocated on a sea
floor, and configured to interrupt a fluid flow fromthe well head, and a

| ower marine riser package (LVMRP) detachably attached to the | ower BOP
stack. The offshore oil and gas installation further i clydes a dril

st ri nganbtife gufasg driling peliotRer vegsd I R PR BRS® and ¢ he
surface drilling platformor vessel through at |east one nmud colum, a

subs easaviar@itelle adttaceedtot tbe tLAAR P VR cantio weA e shHEpWhbIOM® down bl owout
preventers located in the |ower BOP stack and the LMPR upon receiving and
an emep@QBRYrs Idizded (nERS)lowanBOinstakk aindi the ¢dARR nipoat ieoivingn@ & 8nf i gured to
transmt the EDS fromthe surface drilling platformor vessel to the subsea
cont r oLl efge HH&IGYAYEDS) Uatdeh didshiedemumtatsiie: polfirirge titranomi
conflguredyio generate at | east one of positive and negative pressure

pul ses

P S e E RS TR RE SHRREL THARE pRERRRHOCYIE & b BRERIAORES SPRONAI NG 1 0

OW I n e nmud colum iInside the drill string, the

I

pressure pul se generator being | ocated at col um,
a2 prebmangnckescepsrdeb st ettt gL 1 B ly PLPLG
configured to nmeasure a pressure of the fluid flowin the nmud col um.

[ 0010] doe of gDRIGVE GNdMmeCREYE SFESSUTErBHISES A0 fh 8P PERIEEMEARISESE Ens i ssi on
of an Energency Disconnect Signal (EDS) is provided. The nethod incl udes
(i) gensnatidmpatterpreessspendiagitathekItio dne fldidrfioxs polhgimyd Co/UMR MSKE at a
first location, which is close to a surface end of a nud colum in a drill
Stri ngind diil) smﬁg,swé MBsBliRSSNEE geabraesr beiny hecated at alsunface &ndzofgbeond

| ocation, which“is close to blowut preventers, identifying the pressure

vari at | 8@@&1‘?{ 'épﬁgc\r @%%QQH%%J\% tedisr Emdaset v dubeenrroessotier aad ues,

and transm tti ng to a controller configured to cl ose the bl owout
B B T L T LRI e ccorpany
[0010] According to another embodiment, a method for a backup transmission
of an Emergency Disconnect Signal (EDS) is provided. The method includes (i)
generating a pressure variation pattern corresponding to the EDS, at a first location,
which is close to a surface end of a mud column in a drill string, (i) measuring
pressure values in the mud column, at a second location, which is close to blowout
preventers, identifying the pressure variation pattern corresponding to the EDS

based on the pressure values, and transmitting the EDS to a controller configured to

close the blowout preventers.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The accompanying drawings, which are incorporated in and constitute
a part of the specification, illustrate one or more embodiments and, together with the
description, explain these embodiments. In the drawings:
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a part of the specification, illustrate one or nore enbodi nents and,
together with the description, explain these enbodinents. In the draw ngs:
4 [0012]Figure 1 is a schematic diagram of a conventional offshore rig;
[0013] Figure 2a is a schematic diagramof an offshore rig according to an
exenpl ar\a/ enbodi ment ; [0014}1F| gures 2b and 2c are cross-sectjonal views

t hr oud®932} | ui d Fadreat sghe@age diagram Qe vaniioaateindig % exenpl ary

enbodi ments; [0015]Figures 3a, 3b, and 3c illustrate a pressure pul se
gener d061 3liseablEgie 2a is a schematic diagram of an offshore rig according to an

exemplary embodiment;

[0014] Figures 2b and 2c are cross-sectional views through a fluid and a mud
pipe of an offshore rig according to exemplary embodiments;

[0015] Figures 3a, 3b, and 3c illustrate a pressure pulse generator useable in
one exemplary embodiment and the pressure pulse generator’s operation;

[0016] Figure 4 is a schematic diagram of a computer configured to send an
EDS trigger signal to a pressure pulse generator according to an exemplary
embodiment;

[0017] Figure 5 is a schematic diagram of a backup EDS transmission system
according to another exemplary embodiment; and

[0018] Figure 6 is a flow diagram of a method for a backup transmission of an

Emergency Disconnect Signal (EDS) according to another exemplary embodiment.

DETAILED DESCRIPTION

[0019] The following description of the exemplary embodiments refers to the
accompanying drawings. The same reference numbers in different drawings identify
the same or similar elements. The following detailed description does not limit the
invention. Instead, the scope of the invention is defined by the appended claims. The
following embodiments are discussed, for simplicity, with regard to the terminology and
structure of an offshore rig. However, the embodiments to be discussed next are not

limited to the offshore rigs, but may be applied to other systems that require a backup



one exenpl ary embodi ment and the pressure pul se generator's operation;
[0016] Figure 4 is a schematic diagramof a conputer configured to sena an
EDS trigger signal to a pressure pulse generator according to an exenpl ary
enbodi ment; [0017]Figure 5 is a schematic diagram of a backup EDS

[ 0015] Patpedra ara AT BIGRCA DR & Eeroa 5 VA SACR D NRUNLR ssi on of

a&Ey;&;gg&%i\fzﬁgge&S&?g?I (EDS) according to another exenplary

gxerrpl ary enbodinents refers { c?\lt hEaOOlg] The TolTow ng description of the
[0020] Reference throughout the specification to “one embodiment” or “an
embodiment” means that a particular feature, structure, or characteristic described in
connection with an embodiment is included in at least one embodiment of the subject
matter disclosed. Thus, the appearance of the phrases “in one embodiment” or “in an
embodiment” in various places throughout the specification is not necessarily referring
to the same embodiment. Further, the particular features, structures or characteristics
may be combined in any suitable manner in one or more embodiments.
[0021] An offshore rig 100 according to an exemplary embodiment is
illustrated in Figure 2a. The offshore rig 100 includes plural layers of blowout
preventers 106 useable to seal (i.e., interrupt a fluid flow from) the wellbore for safety
and environmental reasons. The blowout preventers 106 are located on a lower
blowout preventer (‘BOP”) stack 110 attached to the wellhead on the sea floor 120,
and on a Lower Marine Riser Package ("LMRP") 130 attached to a distal end of a
fluid pipe140. The fluid pipe 140 may include a drill riser, drill casing, drill pipe, drill
tools or anything required during drilling operations. A fluid flows or fills the fluid pipe
140 between the wellhead and a surface drilling platform or vessel 150. For
example, during drilling, mud may be pumped from the surface drilling platform or
vessel 150 to the wellhead through the drill string and may return flowing through an
annulus formed by the exterior of the drill string and the interior of the drill riser.
When the LMRP 130 is engaged with the lower BOP stack 110, all the blowout

preventers 106 are controlied by any one of two redundant pods 170 and 175

attached to the LMRP 130 based on control signals received from the surface drilling
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acconpanyi ng drawi ngs. The same reference nunbers in different draw ngs
identify the sanme or simlar elenments. The follow ng detail ed description
does not limt the invention. Instead, the scope of the invention is

defi ned by the appended cl aims. The fol |l owi ng enbodi ments are discussed,

for sinplicit w th _regar 0 the ter 0 and ure. of. a ffshore
o, OB o bebiel dBb ot wBlck ) CBRles: Bohovettaalt B SMEheTe gk e the
of fshore rigs, but may be applied to other systens that require a backup
path figo w@ﬁ@aﬁaﬂlwwt@ﬁ' PRET HeRrsSHreirgANdanqY, REYBeLuTant dnardiNg m ssi on
medi um avai | abl e. [ 0020] Ref erence t hroughout the specification to "one
enbodi certebt srapicakletast feran’ offeans rightavieg pairdlepodr feat ure, structure,
or char acteristic described in connection with an enbodinent is included in

at | egqpo2gne enbpel 6BfttolFigridie réadnerrby W ped (s B0lzogias. 176 iem thee
appear ance of the phrases ™in one enbodinment"” or "in an enbodiment” in

vari O%rPAc%%émaeraw@@ekq%&pmﬁa%éa zﬁ n\%lcﬂ%?r%%%Hn'té’d eferring to

t he sane enbodi nent e parti atures structures or

Eﬂﬁéﬁﬁt@%igietn'cgéaﬁﬁ( ¥ oPPER %ﬁwhaﬁ%‘é a?%‘ TP ekl '} Ebodi ren
F
b1 owoulSIBBpEnnE FosIEo 6B S e BN (ﬁt.agk?h#ra PR P o1 ow 11 om

the wel Il bore for safety and environnental reasons. The bl owout preventers
106 arleng @sdbephysical caisuityobieueleptivabpakies (1I68dRtyesh dok P2d9 1§9taawhed to
the well head on the sea floor 120, and on a Lower Marine Ri ser Package

(" LVRPI75 43d trad $arddnedistroaiatalned ahe erodsof70earfd 478 recqgied e cditeolfdignals.pi pe
140 may include a drill riser, drill casing, drill pipe, drill tools or

anyt hi ngyé Get vhad tﬁérélétgn@mldablersmsmareahtaﬂﬁptea freUchtiol Sigpary fills the
fluid pi pe 140 between t head and a surface drilling platformor

Iy I h
Leseely e wfeﬁmﬂg@'daé;%réqga RO PROBUTATY s e
t d t fl h I t f
the drT nqregq%‘,y'ﬁépeed%fangaf’?#%? 18p % wt%ﬂruﬁf‘q%? F sugmﬁ%aexﬂoee M 130 (s
engaged with the | ower tack 110, all the bl owout preventers 106 are
cont r dPwagithearsd( ahé7%ﬁnti\ﬂ85r\é@|@rmaﬁtcobaa§ 1#9docagd m%d%t(%&lﬁétﬂatea t he

LMRP 130 based on control signals received fromthe surface drilling
in Figure 2b) or outside (as illustrated in Figure 2c) of the fluid pipe 140. In an

alternative embodiment, the EDS signal may always be sent via a mud column 145
located inside the fluid pipe 140, even if the electrical cables 160 are not known to be
interrupted.

[0023] A fluid circulating in at least one column in the fluid pipe 140 is known
as mud, which is a term that encompasses most fluids used in oil and gas drilling
operations, especially fluids that contain significant amounts of suspended solids,
emulsified water or oil. Mud includes all types of water-base, oil-base and synthetic-
base drilling fluids. Transmitting data through mud, known as mud pulse telemetry,
is a communication method used by some Measurements While Drilling (MWD)

systems for transmitting data from a downhole tool used during drilling, to the
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pl atform or vessel 150 via electrical cables 160. Frequently, the offshore
rigs include two substantially identical pods to ensure redundancy, but the
current inventive concept is applicable also for an offshore rig having a
single pod. [0022] The control signals received by the pod(s) 170 and/or 175
fromthe surface include an Emergency Di sconnect Signal (EDS), which is

t r ansnd¥ace. i Rifereidene jhe mudary! %?'gﬁﬂﬁgﬁ ?%ﬁ@ﬂﬁa%%%s%ﬁgoi?afﬁ‘& , the
pod(s) 170 and/or 175 determine the closing of the BOPs in th OP st ack
110 anemilodindviP, A3EDNsighahig teansniiedfrpsi Bl swiate; Hul p%qsiﬁé electrica
cabl es 160 between the pods 170 and 175 and the surface i s maintained, the
pods 1ZRd/and75 Troughehy endddepmnidirg) ofspaytialiar debiges @nd puiepseh@ lidet ri cal
cables 160 are interrupted, the control signals transmtted using the

el ect fb@%‘ &ﬁi%%%ieé@q)\er&%nﬂﬁét miugasdiurhhe ires{@)s dotfligaratichds. Hahevaf or e, i f

the electrical cables 160 are interrupted, the EDS signal may be sent
toward & e Wbasl ves alrdis! Astilifftebas
illust ?g@l%%bﬂﬁ?él %h&rléoqﬁﬁﬁ”qoc%‘?'gﬂﬁsomg" (as 111 ust rat ed in Figure 2c) of the

fluid pipe 140 | 8 an alternative enbodi nent, the EDS signal may al ways be
sent vP%2PaeHBEFEHA"N 145 | ocated inside the fluid pi pe 140 even if the

el ectrical cables 160 are not kno to be interrypted.

circul 024 i n af Cl0eASfalgHD %%%é%SHOt%tr?”ﬁﬂ“&ea Vbaeafﬂf') Eﬁk‘?}%\t}vﬁga% nud,
which is a termthat enconpasses nost fluids used in oil and gas drilling
oper at passureppiseigenieyatbr 18ass installedaresd o 21 gAPSI i @2thof BieoHE LO8fMBuspended
solids, enmulsified water or oil. Mid includes all types of water-base,

oi | - basas,a@tcbrswarhﬁé sarfhes driling Idlatfnf buvetsel Toanshn etibeglimankantr ough nud,
known as rrud puI se telenmetry, is a communication nethod used by some

Measur 625 @re@éb id pinge @Watély@tllﬁ@raftéﬂ irf FigDads 8.t FrgurdaBa droodb a
downhol too used during drilling, to th surface. Different fromthe nud

I f DS I
s v alCiorea i Sie R s B s fiifho 2o 4G TR TR aME Dot The
d. Dependi d d 140
nci udeB G 167, TOPOANR oAt “3@§B?B%§%@§ﬁ%ssda*a{w%n§a Bl Baver.
applicability of the communication fromthe surface to t(E ds via mud is
not |i wiased Aspitionpes ini fdgbeer ke Bygwitohospgtyeegdneores & E@k‘ﬂﬁs%DS to be

transmtted via a nmud colum 145, a
positions with a predetermined frequency a pressure variation pattern as illustrated

in Figure 3¢ may be achieved (the lower pressure corresponding to the open position
and the higher pressure corresponding to the closed position). Inan alternative
embodiment, the pressure pulse generator may include a vent which may create
negative pressure pulses in a mud column, by venting the mud temporarily,
according to the signal frequency. In another embodiment, a membrane inside the
mud column may oscillate.

[0025] The positive or negative pressure pulses generated by the pressure
pulse generator 180 form a pressure variation pattern corresponding to the EDS.
The pressure generator 180 is connected to at least one computer 190 configured to

send an EDS trigger signal to the pressure pulse generator 180. The computer 190
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pressure pul se generator 180 is installed close to an upper end of the nud

colum 145, at or near the surface drilling platformor vessel 150. An
enbodi ment and operation of a pressure pulse generator is illustrated in
Figures 3. Figures 3a and 3b illustrate a pressure pul se generator

i ncluding a vaglv 46.1 ocat ed i nside.a mud col umm, 145 e valve 146 may be
in an @63&%83}‘?%&1}5&99% sll;gr@h@g?%at&allyno%m@yggga%Fogpgtglqggg&pﬁ\ah gure
3b. By switching between the open and the close positions with a

pr edet ©AVVIGRT PREIAAICS re8UsSEssure variation pattern as illustrated in
Figure 3c may be achieved (the | ower pressure corresponding to the open
posi ti[®928hd t heAhiegheplpyesshodment pesosinpgter d 90he ilbistetad! ipdspuieon). | n
an alternative enbodi nent, the pressure pul se generator nmay include a vent

whi ch aByncinehidesnegaiceys nurepsing enterfase s dilrcanfigucbccial epivehyatsdrdnh ng t he
mud tenporarily, according to the signal frequency. |In another enbodinent,

a menbianRoime trterid BFeFQ{@nQOJnUGES‘er@&% iR@fiakck atee. cdrfigdrdd ftealRRe bhi ve or

negati ve pressure pulses generated by the pressure pul se generator 180 form

a pres i_atl rr ngh T e

gener a?%egrg&%gg i@%@ﬂ%@@%'ﬁ%@ﬁdﬁ@@%&bﬁ%rﬁ%ﬁ%ﬁ? %rg Pﬁ%) N@ﬁ%‘?ﬁgﬁa?@d to send
an EDS trigger sjgnal he pressure pul se generatqar 180. The. conputer 190
mmy seRaURD s8TY PRREDSPERE ETERAEL 2 PRSSOIE Hiye SERPrA N BB | gger
signal follow ng an operator's request. [OOZGgAn exenpl ary enbodi nent of
the cohplitesends signdl tniggaringtteansmissiog af @uEDaiepsideliese patiescisthe
nmonitoring interface 191 configured to receive data fromnonitoring the rig

oper at pressiiregpuls@ geacmtoi W& rdrata ceédalcputesging dinitd 9l ¢awweatedisethat or to
enter manual | y commands i ncl udi ng energency shutdown command requiring

sendi ngteafiteE0P 1S119Raknd @ 9B R dRRstEMhinirdy BpE@SSIbh &f I sempeteraicordingter f ace
193 to send a signal triggering transm ssion of an EDS pressure pul se

patter@ngehgﬁgrgé@%%_r&n%%ﬁgsgenerator 180, and a central processing unit

194 connecte the interfaces 191, 192, and 193 and determi ning operation
o TSGRRIP , AERLALRL LGRS 3R R T BTRRRy 0027) Feturmi g

corresponding to the EDS is transmitted via the mud column 145 located inside the

fluid pipe 140. A speed of propagating the pressure signal through the mud column

is of the order of hundreds of meters per second (m/s). Data rates through a mud

column are few bits per second (b/s), corresponding to a signal frequency of few Hz.

The signal frequency is selected to be distinct from frequencies of naturally occurring

background signals.

[0028] A pressure transducer 200 located in the proximity of the pod(s) 170

and 175 measures the pressure in the mud column. The pressure transducer 200

may be located in a cavity of a BOP located on the LMRP 130 or in the lower BOP

stack 110. The pressure transducer 200 is connected via cable to the pod(s) 170

and/or 175. Thus, the pressure transducer 200 is configured to measure the

pressure in the mud column at the surface end of which it is mounted the pressure
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corresponding to the EDS is transmtted via the nud col um 145 | ocated
inside the fluid pipe 140. A speed of propagating the pressure signal
t hrough the nmud colum is of the order of hundreds of neters per second
(ms). Data rates through a nmud colum are few bits per second (b/s),

corresponding to a, sjignal frequenc f fe ... The sign y is

sel ect EH’S?CQ rﬂpéﬂéhcﬁ%ﬁ%ﬁ?? "83[%}?2’#82" %@&Zﬁ}ﬁyu?eaf:??;%@%ﬂ% ?ﬂé%éckground
signals. [0028] A pressure transducer 200 located in the proximty of the
pod( s) MERSUERTHPERSUitevdiUee and e 'qﬁ"é@%meeoﬁeﬁs‘t”ﬁevwm&ﬂaﬁ@ﬁ’? The pressure
transducer 200 may be |ocated in a cavity of a BOP | ocated on the LMRP 130
or in theesmwelindPthet BDB. 1UJ©onT<H@ﬂtﬁyieg§§¢ Pregsaine dadaliorppaiter® connected vi a
cable to the pod(s) 170 and/or 175. Thus, the pressure transducer 200 is

conf i gysREspshdmasde EDS, frepegseard thatduriceud00ohayrhe dtrthdrecavigieaktend of
which it is nmounted the pressure pulse generator 180. The pressure

t ransfjgéﬁc‘i 1PRDY the JoRid) o1y 88u/bp 1252l R dreAsMekrhbegifiEme, tal ues and to
identify the pressure vari‘ation pattern corresponding to the EDS. Upon

Lf'g?tsL%E%”S?*%E/%ﬂ%%@?@%% %%f?fﬁ’?? ﬁ?}*@éﬁnﬁ%ﬁ%@??@qééﬁ%‘ﬁ%&%ﬁ?@ the
17 75. | [ '
[ ansuadiorags. aay tenae B aBalvol Hreyi CVERee 4 dRRESTRAS) 170

and/ or 175, and the pod(s) 170 and/or 175 mmy be confi %ur ed to anal yze the
pr essupeesaare ¥alugh @nddoiidentify the prassprevaiationratieiniconesaepdipg to the
corresponding to the EDS. [0029] Focusi ng now on a backup EDS transm ssi on

systemEZX® useabl e on an offshore oil and gas installation as illustrated
in Figure 5, the system 250 i ncludes a pressure pul se generator 260

conf i ggd@ébr]t 0 geRrpralifgdhol 868l IRUPED SRMEHIiSs ¥Rk slehPP50R6EEDRR drmcl udi ng
at | east one of positive and/or negative pressure pul ses and correspondi ng

;Fsgh?ﬁg%i\bg%%?gg t&ﬂ% eiﬁ%épgt?o% SQﬂlu@tra?e%*i@@r#e%"}hg§§%tem9553(:%66%@50

Se receptor confidured’to nmeasure a

pressure of nud in the d colum. 265, at a |ocation close to bl ut
pr even@dEspigmRyise gﬁ@e%kl@squ %On%l%%d F%S%B?@?e 3R5CHRCHPIMCER rggsﬁ%é‘)a (at
| east one) pod 290 controlling the BOPs. The pul se receptor 270 may include
a dat avpriates patgnuntiudzmsatdeast qpe efpasitivegand/pf Pegivepiegay & ylae
pressure variation pattern corresponding to the EDS signal based on the
measur eddpioesspoadingl tudise &S signbbrabarsiirfdve €FdSofsa gnal calomnikSat Theast one
pod 290. [0030] The pressure pul se generator 260 may be connected to a
sur f acgystem 250 also includes a pressure pulse receptor 270 configured to measure a

pressure of mud in the mud column 265, at a location close to blowout preventers

(BOPs). The pressure pulse receptor 270 is connected to a (at least one) pod 290

controlling the BOPs. The pulse receptor 270 may include a data processing unit

275 configured to identify the predetermined pressure variation pattern

corresponding to the EDS signal based on the measured pressure values and to

forward the EDS signal to the at least one pod 290.

[0030] The pressure pulse generator 260 may be connected to a surface

controller 280 by wire or wirelessly. The surface controller 280 may be configured to

send an EDS transmission trigger signal to the pressure pulse generator 260,
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controller 280 by wire or wirelessly. The surface controller 280 may be
configured to send an EDS transm ssion trigger signal to the pressure pul se
generator 260, automatically, when an energency situation is identified,

or upon recei vi ng a command from an operator. [0031] The pul se receptor 270

b d he pod 290 he EDS !
The. pod BBTGAGY 4t B! £ Breige one abe Sfestare GresenlfoPares a 11 ow

di agram of a method 300 for a backup transm ssion of an EDS signal. The
met hodCBDHANAITRANES QRATEIt i ng a pressure variation pattern correspondi ng
to the EDS signal, at a first location, which is close to a surface end of
a nud OB3dim at B4 OUISEUECHRIOf ZFaenaaeba@@nBeotedrt@Ith@l@gdera|vwge pressure
values in the nmud colum at a second |ocation, which is close to bl owut
preventpos réteindgdhe HIES B’@thdh@@Gd@Igﬁmﬂmatesdewdﬂmmei B®Psg t he pressure
variation pattern corresponding to the EDS signal based on the pressure

val uesy o®%2§330 Pigtrd baNmHatdd Qgiomﬁa o dabthbd FpcRPkrddkep confi gured
to close the bl owdut preventers at S3 [0033] The di scl osed exenpl ary

embodi ﬁ‘érﬁls?%)%\édfgaﬁbékﬁtﬁgﬁala Ekid \%366’%0 rjféréﬂgg Qrbrgg)s%ré' gnal from

t he su ace sea bfowout pre er co er VI a mud colum in a
flurd p

o1 | niraioe RalFER PRSP e (S @%Epﬁ"ygn@hﬁaﬁéﬁﬁ e Rk o

intended to cover alternatives, nodifications and equi vaI ent s, which are
i ncl ud@guriace ﬁedﬁuarmvdé;@aﬂ%@b@%ﬂ FrvetheniBaimehod S Ueinchdgsby t he
appended clains. Further, in the detail ed description of the exenplary

enbodi mneassr,ingmmsucsvalpesiim the ohedaddligmaras asscondriotatian, evhder istdoge twi de a
conpr ehensi ve understanding of the claimed invention. However, one skilled
i n t heplaivouprdvénterd eit S320d THwinewedd BOG awmaduuaegﬁ@emﬁwngeh@pa@dsu@@d

W t hout such specific details.
variation pattern corresponding to the EDS signal based on the pressure values at
S$330, and transmitting the EDS signal to a controller configured to close the blowout
preventers at S340.
[0033] The disclosed exemplary embodiments provide systems and methods
for transmitting an EDS signal from the surface to a subsea blowout preventer
controller via a mud column in a fluid pipe. It should be understood that this
description is not intended to limit the invention. On the contrary, the exemplary
embodiments are intended to cover alternatives, modifications and equivalents,
which are included in the spirit and scope of the invention as defined by the
appended claims. Further, in the detailed description of the exemplary
embodiments, numerous specific details are set forth in order to provide a
comprehensive understanding of the claimed invention. However, one skilled in the
art would understand that various embodiments may be practiced without such

specific details.
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[ 0034] Al t hough the features and el enents of the present exenplary

enbodi nents are described in the enbodi nents in particular conbinations,
each feature or elenent can be used al one wi thout the other features and
el ements of the enbodi nents or in various conbinations with or w thout

ot her tures angd el nt.,s_di scl osed herei [ hi [[tten

descri Lﬂ?ﬁ& usesAgQ%Lng]nﬁg f%?tuf%ea%%ﬁg&et t%ﬂpgrp(?%?egrlé;ggéﬁw\% enabl e any
person skilled in the art to practice the sane, includin nakinH and usi ng
any de@imbedinggnts e descrded in &1 PRPAFISIS N P%g?‘ﬂﬁ‘?%‘?r@ '”ﬁg‘?%&?.‘; The

pat ent abl e scope of the subject matter is defined by the clains, and may
i ncl udéeadtrrar eloraent @ hehasecalone withouhibheotbgi fepides Ang weragits Shte ot her
exanples are intended to be within the scope of the clains. WHAT IS
CLAI MEBmIbSdiments or inlvardusaskuipnativesgeticyr witlsm.d otiesrtfeatugrsadnd EB8)ents
transm ssi on systemuseable in an offshore oil and gas installation,
conpri g8jsB@sed herein. @ Pressure pul se generator |ocated close to a water
surface and configured to generate a predetern ned pressure variation
pat t er e F eSPOR[INGithh c‘ﬁgﬁ&gﬁg&’e%rﬁ@%@% e SIGOAI mARKt diglGbsed 9 at
| east One of positive and negative pressure pul ses, 'the signal being

pr opagg%gb e%%\glmpvé@srcgnssl{ilrl]edainrmg a?t%%@étic%qge same, including making and using

any devices or systems and performing any incorporated methods. The patentable
scope of the subject matter is defined by the claims, and may include other examples
that occur to those skilled in the art. Such other examples are intended to be within the

scope of the claims.
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a pressure pul se receptor connected to a controller of blowout preventers,
and configured to neasure a pressure in the nud colum, at a subsea

| ocat i on. 2. The backup EDS transm ssion systemof claim1l, wherein
the pressure pulse receptor is further configured to identify the pressure
vari ation gattern corresponding to the EDS signal based on neasured
pressuUMHARIBELAIMED IS: 3. The backup EDS transni ssion system of claim 2,
wherein upon identifying the pressure variation pattern, the pul se receptor
is configuréd toAfbackap @mdrgeEDSdisooninectsigital gEDE) trehstrtigsidh sysiem
preventers. 4. The backup EDS transm ssion systemof claim1,

furt heisexmm@in shbfshore oil ahdigas amtaiaitioar cofmptibiighl owout preventers, the
controller being configured to receive neasured pressure values fromthe

pressure puh $eedRFeBLRE HbraRrictenéd Ewsbhs AWERS %ﬁa&@@hatdo%gaﬁgd & n.
5. The backup EDS transm'ssion systemof claim11, further conprising:

f
confi gﬁ‘?ﬁedgfg bR enfippRSFLec LR BoR] ??“35@?‘"‘) LERIATDR Ah 8ndtBney oo
ner f h
to ger gé@@ﬁél%\%ae%m%a%f%ﬁ@ﬁs# SR ECath LSRR ol vl no red

EDS transm ssion trigger signal fromthe surface controller.
pulses, the signal being propagated downwards in a mud column; and

a pressure pulse receptor connected to a controller of blowout preventers,

and configured to measure a pressure in the mud column, at a subsea location.

2. The backup EDS transmission system of claim 1, wherein the pressure
pulse receptor is further configured to identify the pressure variation pattern

corresponding to the EDS signal based on measured pressure values.

3. The backup EDS transmission system of claim 2, wherein upon
identifying the pressure variation pattern, the pulse receptor is configured to forward

the EDS to the controller of the blowout preventers.

4. The backup EDS transmission system of claim 1, further comprising:
the controller of the blowout preventers, the controller being configured to
receive measured pressure values from the pressure pulse receptor and to identify

the pressure variation pattern.

5. The backup EDS transmission system of claim 1, further comprising:

13



6. The backup EDS transm ssion systemof claim5, wherein the surface
controller is further configured to send the EDS transm ssion trigger
signal to the pressure pul se generator when an energency situation is
detected or when receiving an operator request. 7. The backup EDS
transm ssion systemof claimb5, wherein the surface con{ro”kﬁr %s further
configured aUsiend coptoligrsangstad SNEPresTHE PSS JRFAY AW PHINET o
pul se generator if a regular signal transm ssion is interrupted. _ 8.
The batksenEDS EDABMssEssion friggeesignil to Hienpresswieerdss IER. A5 e ¥\& @ Mpul se
generator includes a valve placed on the nmud columm, and is further
configured t geRreuRs sultbgcpeedet erfoithedcqnfiessen & ganérate the pattern by
openi ng and cl osing the val ve. 9. The backup EDS transm ssion system

of cla BEGITeddIfe REASEN BafdinsEhdERREAIRY ah IRD Sdessamisson tidgered
i nsi debf%déet?ruwﬁlﬁggld?u%%, %nd IS fE?t her@%onfi gurrgj to generate the

predet er m nged pres variatLon pattern by venting the fluid in the nud
col ums@&aﬂgopﬁ@%vsma.%e Cohdier 10. The backup EDS transni ssion system of
claim1l1, wherein the pressure pul se generator is configured to generate the
predeterm ned pressure variation pattern at a frequency of few Hz.

11. The backup EDS transm ssion systemof claim1, gnehgi n tthe ressure
pul se gener &t or iTdedwmekigdridd tmsﬁé?%?%ﬁéﬁ?ﬁbog‘}"@% ePNFHed 8@9‘6?%
variation pattern at a frequency selected to avoid frequencies of naturally
occur r icogtrolérsie fsitleradomfigured to serwl tharERS temenusyen tigaer$anal i thg | ati on,
conprising: a surface drilling platformor vessel;

pressure pulse generator when an emergency situation is detected or when

receiving an operator request.

7. The backup EDS transmission system of claim 5, wherein the surface
controller is further configured to send the EDS transmission trigger signal to the

pressure pulse generator if a regular signal transmission is interrupted.

8. The backup EDS transmission system of claim 1, wherein the pressure
pulse generator includes a valve placed on the mud column, and is further
configured to generate the predetermined pressure variation pattern by opening and

closing the valve.

9. The backup EDS transmission system of claim 1, wherein the pressure
pulse generator includes a vent placed inside the mud column, and is further
configured to generate the predetermined pressure variation pattern by venting the
fluid in the mud column using the vent.
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a |l ower bl owout preyenter (BOP) stack attached to a well head | ocated on a
sea floor, and configured to interrupt a fluid flow fromthe well head; a
| ower marine riser package (LVMRP) detachably attached to the | ower BOP

st ack; a fluid pipe configured to allow the fluid fl ow between the
wel | head and the surface drilling platformor vessel through at |east one
mud col um; a subsea controller attached to the LMRP, and confi gured

to shutdown bl owout preventers located in the |ower BOP stack and the LMPR
upon recei vifg ahbe AackureEPMbgnsinigsn $ysts);of claim 1, wihereinethe piespiise
configured to transmt the EDS fromthe surface drilling platformor vessel
t o t hepslebgeaccaiot isaddnéigured to genaaater thequedeipuniedeessatcovariadioat ed cl ose
to a water surface and configured to generate a predeterm ned pressure

vari at hgferpattefégeidyessionding to an emergency di sconnect signal and
including at | east one of positive and negative pressure pul ses, the signal

bei ng propagat ed downwards through the at | east one nud col um; and a
pressure pul se receptor connected to the subsea controller and configured

to measure 4 PTESPRE Eaé:l?u;;[ EﬁsattraAsen%fsstsio%nseysrtréJr% o?%llaql%nt \ﬁlller%ins{’ﬁ%sea I ocati on.

pressure pulse generator is configured to generate the predetermined pressure
variation pattern at a frequency selected to avoid frequencies of naturally occurring

noise signals.

12.  An offshore oil and gas installation, comprising:

a surface drilling platform or vessel;

a lower blowout preventer (BOP) stack attached to a wellhead located on a
sea floor, and configured to interrupt a fluid flow from the wellhead,

a lower marine riser package (LMRP) detachably attached to the lower BOP
stack;

a fluid pipe configured to allow the fluid flow between the wellhead and the
surface drilling platform or vessel through at least one mud column;

a subsea controller attached to the LMRP, and configured to shutdown
blowout preventers located in the lower BOP stack and the LMPR upon receiving
and an emergency signal (EDS),

an electric line configured to transmit the EDS from the surface drilling

platform or vessel to the subsea controller;
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13. The offshore oil and gas installation of claim12, wherein the pul se
receptor is further configured to identify the pressure variation pattern
corresponding to the EDS based on neasured pressure values and to upon
identifying the pressure variation pattern, to forward the EDS to the
subsea controller. 14, The offshore oil and gas .instalJlati of
claim 12, wWAdVEPSHEHYISRIPSRE ALY BEYFTIC Sﬁu@t%\@@%&rﬁ’fﬁ&ﬁ@é@?%%@&%%
nmeasured pressure values to the subsea controller, and the subsea

cont r olgeeerate afpredatermmast PigspeE Yariatigamatieyn CRECHPYIXNY &0 FASMBEIIERCY
pattern. 15. The offshore oil and gas installation of claim12
wher ei digchenpctesignaleanuuihsedimecatpeast dre dlopetiie and nagativgRPressure 16. The
of fshore oil and gas installation of claim212, further conprising: a

sur f ace,eeat il $ighalaing pidshdated bewphasdsitteonyt e gielbastadrae mard confi gur ed
to send an EDS transm ssion trigger signal to the pressure pul se generator,

wher ei 2\ . the pressure pul se generator is further configured to
olL{mn, an X oo o
generate the predeterm ned pressure variation pattern upon receiving an EDS

transm ssion trigger signal fro f r ; The
of f shore oi @ %fﬁag%&p lﬁ?fgf%qp&ri éc])gr{‘tnrc%g te% t?‘hg%éj,%g%grgb%rﬁn?rhaendsﬁ??fg]cuigd
controller is further configured {o send tr]e EDS tragsm‘ iSi n trigger

si gnal 1@ §easereAdYEssWe Nt ahieast aremud ¢oltma. af 8 SEPPE LCAV8r aul'i ¢
comuni cation line is interrupted. 18. The offshore oil and gas
installation of claim12, wherein the pressure pul se generator conprises at
| east one of a valve and a vent, and is further configured to generate the
predet er m neld. pr d¥rusfeshoat béamdyaspestadatiomgf akirh d2swhengindghe ppés ng and
closing the valve, and venting the fluid in the at | east one nud col um

usi ng tBesMBPls further configtPed TORIcRtifsiherBesthreandiages pattetratbaesmondifg cl ai m
12, wherelin the pressure pul se generator is configured to generate the

pr edet 3 ORDLBESEbA AL A4 BRAE ShMedlard (BIERBIEBEHIGIG, P drbssrel ch 1 s

sel ect r equenci es nat ura occurring nol Se’signals.
variation pattern, to forward the EDS to the subsea controller.

14. The offshore oil and gas installation of claim 12, wherein the pulse
receptor is further configured to forward measured pressure values to the subsea
controller, and the subsea controller is further configured to identify the pressure

variation pattern.

15.  The offshore oil and gas installation of claim 12, wherein the pressure

pulse receptor is located on the LMRP.

16.  The offshore oil and gas installation of claim 12, further comprising:
a surface controller connected to the pressure pulse generator and configured

to send an EDS transmission trigger signal to the pressure pulse generator, wherein
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20. A nmethod for a backup transm ssion of an Emergency D sconnect Signal

(EDS), the nethod conprising: generating a pressure variation pattern
corresponding to the EDS signal, at a first location, which is close to a
surface end of a nud col um; measuring pressure values in the nud

Cent 11 yi noTengenr desiie bbeatas Rkl Sl Bul L BB HE the EDS si gnal
based on the ressure val ues;

transmtt | t
ot bR s Ut AT ion RlieBIUSRBLIE CaY Bt ERS Pfansm'ssm thigger * °

signal from the surface controller.

17.  The offshore oil and gas installation of claim 16, wherein the surface
controller is further configured to send the EDS transmission trigger signal to the
pressure pulse generator, if the electric or hydraulic communication line is

interrupted.

18.  The offshore oil and gas installation of claim 12, wherein the pressuré
pulse generator comprises at least one of a valve and a vent, and is further
configured to generate the predetermined pressure pattern by performing at least
one of opening and closing the valve, and venting the fluid in the at least one mud

column using the vent.

19.  The offshore oil and gas installation of claim 12, wherein the pressure
pulse generator is configured to generate the predetermined pressure variation
pattern at a frequency of few Hz, which is selected to avoid frequencies of naturally

occurring noise signals.

20. A method for a backup transmission of an Emergency Disconnect
Signal (EDS), the method comprising:
generating a pressure variation pattern corresponding to the EDS signal, at a

first location, which is close to a surface end of a mud column;
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measuring pressure values in the mud column, at a second location, which is
close to blowout preventers;

identifying the pressure variation pattern corresponding to the EDS signal
based on the pressure values; and

transmitting the EDS signal to a controller configured to close the blowout

preventers.
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