-1- REMOTE GAS MONI TORI NG APPARATUS FOR SEABED DRI LLING Field of the

I nvention 5 This invention relates generally to the nonitoring of shallow
gas in a seabed. The term "seabed" is intended to cover the ground under
any body of water such as for exanple, the sea, ocean, |ake, river, dam
and the like. 10 The apparatus according to the various aspects of the
present invention is suitable for use with renotely operated drilling rigs
for the seabed. The expression drilling rigs is intended to include all
forms of rigs which enable the penetration of the seabed. This nmay be
achieved by drilling or other means of penetration. 15 Thus where reference
is made to a drilling operation this includes within its scope other
operations by which penetration of the seabed is effected. Further where
reference is | f t of
the rig this again mcﬁj&g‘SsM\i% m@%ﬁ%@gﬂ%ﬁt vﬂbch e%@i@;s
penetration of the seabed for analysis sanpling and the |I|ike. 20
Background Drilling of the seabed is wi dely conducted for a nunber of

pur poses including geotechnical sanpling and testing, offshore

hydr ocar bonsFieMpifeba@liventiogeohazards 25 identification, and specific
scientifi S studies. Such drilling activities can encounter shallow gas
deposits in the seabed that can present potentially serious hazards to
opeL at i ORSI I Seabenggﬁﬁeﬁtﬁm r@l}h!eglgaﬁtaelyftds ﬂmﬂﬁﬁmﬁﬁgsg ihaua\gcgﬁs ﬁiﬁfsgﬁl&dor]%ﬁm SNB
within shallow sedinmentary layers or it may see rom deep hydr.ocarbon
sour ces. SUCﬁn@a%ean@pé%mfe@dedaﬁq ot thegPendtiepin B 65 e el 38 AT be

confined W t Qiafhpld) theSeRRREMA KB By, REASSIABe like2- | N certain regi nes of high
pressure and Iow tenperature, at water depths beyond 300 netres, marine

sedi nents may contain gas hydrates cl ose beneath the sea fl oor.
10 The apparatus according to the various aspects of the present invention is suitable

for use with remotely operated drilling rigs for the seabed. The expression dniling nigs is
intended to include all forms of rigs which enable the penetration of the seabed. This may

+  be achieved by drilling or other means of penetration.

15 Thus where reference is made to a drilling operation this includes within its scope
other operations by which penetration of the seabed is effected. Further where reference is
made to drlling rigs and drill strings which form part of the rig this again includes within
its scope equipment which enables penetration of the seabed for analysis sampling and the
like.

Background

Drilling of the seabed is widely conducted for a number of purposes including
geotechnical sampling and testing, offshore hydrocarbons exploration, geohazards
25  identification, and specific scientific studies. Such drilling activities can encounter shallow
gas deposits in the seabed that can present potentially serious hazards to operations.
Seabed gas may onginate from decomposition of marine organisms within shallow
sedimentary layers or it may seep from deep hydrocarbon sources. Such gas deposits can

be toxic and/or explosive and can be confined within the seabed at high pressure.



Hydrates are quasi-stable solid phase gas-water structures that can
significantly 5 influence the strength and stability of the seafl oor
sediments in which they occur. Gas hydrates are thus an inportant
consideration in offshore geohazards (apart fromattracting interest as a
potential energy resource), especially in areas where deepwater oil and gas
exploration and exploitation activities can alter soil conditions to the
extent that rapid destabilization of the seafloor nmay occur. 10 In sone
cases the presence of shallow gas can be recogni sed by survey prior to
commencenent of drilling, where pock marks,and/ or shall ow depressions are

identified on the seabed. Gas hydrate sedinents and underlying free gas
may be indicated on seismc records, appearing as a bottom sinul ating

reflector. In other cases,. particularly where 15 ervious |ayers exist in
the seabed, the pi‘é%eéﬁ eg'lnpes“ﬁih rﬁsﬁéeéggl?é‘ﬂeglpﬁ’gg“ﬁcﬁ‘ wger dFI%‘/Fh%B‘?Yé’P@I y
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Seabed drilling operations nay be carried out froma surface platform such

as a drillship, jack-up rig or sem -subnersible drilling rig, in which case

the drillstring edyangs LhEoue j i ' I and J nto
the borehole. In aless atraei%gnsitgdé.g?l'fﬂeéﬂﬁgf%ﬁtélgﬁpxﬁ#égaaggéﬁjd%ﬁfﬁdﬁg and
sanpl i ng, bpdrimemibe srasieand stabilityof teseaflooe sstirebiyts towhich Hegdccisy Staem
depl oyed to thg, f. rface.vessel. In this
case the dri Irgt&r@ ia%]gtﬂ%:(atngﬁl gﬂﬁlngh{lg%g%o&léﬁgﬁs lgorggf%h%%?rgﬁfaﬁ)ﬁg ﬁé’&b%%ﬁ“ﬁgg
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25 Intercepti . ehole with.a shallow gas deposit may allow rel ease
of toxic angg @P 8}1 Igﬁ%e)l{)xlpgméﬁggn aqibHiss SR gl SgE Fondi o e thegxtnbibehiane whi ch,
if vented todehabilizmtioh afte BedAlooan@yiobdhirng vessel , can endanger health and

safety ofupersonnel and safety of equipnent. In the case of drilling
equi pnent” supported on the seabed, release of high 30 pressure gas can

result in a suddem @t JaBRARS prebdRE of @RB0NTzasERANRQRAIEN Y %rgﬁpﬁﬁ& Q"
possi bl e scouring and underm ning of the equi pnent footi ngg. ch events
may dest abi | Fe@mEnCement of drilling, where pock marks and/or shallow depressions are identified on
the seabed. Gas hydrate sediments and underlying free gas may be indicated on seismic
records, appearing as a bottom simulating reflector. In other cases, particularly where
15 impervious layers exist in the seabed, the presence of shallow gas deposits may not be

tmmediately evident from seabed features, and thus may be encountered unexpectedly.

Seabed drilling operations may be carried out from a surface platform such as a
drillship, jack-up 1ig or semi-submersible drilling rig, in which case the drillstring extends
20  through a riser in the water column and into the borehole. In a less expensive alternative
form of seabed drilling and sampling, operations are carried out via a remotely controlled
system, deployed to the seafloor on an umbilical from a surface vessel. In this case the
drilistring extends into the borehole only from the seabed rig and the surface vessel need
not be stationed directly above the borehole.
25
Interception of a borehole with a shallow gas deposit may allow release of toxic
and/or flammable gas such as hydrogen sulphide and methane which, if vented to the
surface near 2 dnlling vessel, can endanger health and safety of personnel and safety of
equipment. In the case of drilling equipment supported on the seabed, release of hi gh
30 pressure gas can result in a sudden and uncontrolled loss of seabed bearing strength or

possible scouring and undermining of the equipment footings. Such events may destabilise



the equi pnent, with resultant danmage and | oss of productivity through
tilting or toppling. Drilling operations through hydrates can cause
pressure and tenperature changes which nay result in rapid dissociation of
t he hydrates and consequent bl owouts and/or destabilisation of the

seafl oor. 5 Wen sanples are taken for geotechnical assessnent from seabed
sedinents in deep water they undergo extrene pressure relief as they are
brought to the surface. Gases dissolved in the pore water may conme out of
solution and cause sanpl e di sturbance, which can inpact significantly on
sanpl e quality and subsequent interpretation of |aboratory test 10 results.
Know edge of the strength characteristics of marine sedinment soils in which
gas hydrate deposits can occur is vital to the econom c establishment of
seabed i nfr ald eqidgrbiei®, witl fesilGnt du@iapt afdioanof prpdictiany thedweh tilingdasravppliig. | n
situ dissol .gas content an egree of saturation. 15 Detection,.
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investigation. In conventional practice this may involve (a) nonitoring of
drilling retdsfiAdiligationpéthesealloee and (b) depl oynent of gas sanpling probes
in the bogehole. 20 (a) Drilling returns nonitoring For drilling operations
generally, drilling fluid or nmud i's punped to the cutting bit through the
drill pipe to cooVhemstmplasearecialen fohgedigchnigalpssessmentbem eabad sadisnsisom t he
borehole. T 1 r Nt } i thAdt a
cont i nuous Q%ﬁgl(x}glel‘[mwg@%%é %ﬁ%@ﬁﬂ%@%@ﬁ}%ﬁgﬁ{%& gFO(r)%i??:]g C%’ordr?% % ons
bei ng penet rdagsetyethyn the@odnididr ikt conbout nfiahtdiongnfl caee andpldidssobaed, Whisk s

rel eased fromthe soil. . matrix. The dri)li nud returns' typjically f]ow
ip the annuldp R BsnielaustneePRl sl g bty e B tihal ng
casi ng pipe.redultst Kerolvddpe of the siediRth cHatdctdrisgesWigieine paIAEHGOEs Aehiclgdd ed
out froma surfacg 30 vessel or %atform a nmud _| oggi ng _system.s pically

. . ! t
used. This iREFHUHEPORGHTP PP WYt BasFopomic exablsliaent of pabed BfastrisHEhe
returned drig s iRgefrslaPRipRr8ntistepRa £ a6 1RAG Kitd @istdded gas content and degree of
saturation.
15 Detection, monitoring and measurement of shallow gas occurrence are therefore

important aspects of seabed drilling, sampling and geotechnical investigation. In
conventional practice this may involve (a) monitoring of drilling returns at the surface and

(b) deployment of gas sampling probes in the borehole.

20 (a) Drilling returns monitoring
For dnlling operations generally, drilling fluid or mud is pumped to the cutting bit
through the drill pipe to cool and lubricate the bit and to remove cuttings from the
borehole.A The dnlling mud returned from the borehole carries with it a continuous sample
of material representative of the geological formations being penetrated by the drill bit,
25 including free and dissolved gases released from the soil matrix. The drilling mud
‘returns’ typically flow up the annular passage between the rotating drill pipe and the

surrounding casing pipe.

In the form of seabed drilling where operations are carried out from a surface
30 vessel or platform, a mud logging system is typically used. This includes monitoring and

analysis of gases liberated from the returned drilling mud before it passes back to the



-4- holding tank. Various sensors or high speed gas chromat ography

I nstrunents neasure the presence of hydrogen sul phide and of hydrocarbons,
particularly those of | ow nolecular weight such as nmethane. When operating
at great water depth there is however, a significant neasurenent |ag due
to the tinme taken for the drilling nud returns to travel 5 fromthe
borehole to the surface neasurenent zone. Unexpected interception of a high
pressure gas pocket nay cause a sudden rise or " kick' in pressure in the
drill string and possible gas blowout in extrene cases, necessitating the
use of blow out prevention equipnent. 10,In the foam of seabed drilling
where operations are carried out via a renotely operated system the
drilling fluid may be seawater drawn fromthe inmedi ate surrounds, or

seawater m xed.to a desired ratio with a,synthetic d concentrate i or

ool g e s SR PYCERR bR fhed B R e e SR hhe

drilling W%rk@n&%f}fyﬂf‘c}géheﬂf)hﬂab'hnd sl isahrudeds, phrtichirnls @alst oplowt @gRtller Wit h
e.

the cuttings fromthe boreho Such renotely 15 operated seabed systens
are not commBFiEY sEehiRped G t Wherenseating at geghw dek depthebesds ivevahad are

currently di gadnant AQ8%réMer: 2KduR% SR IintDBkdnOh! 1 dERRRRhd f¥omsidayaver e
therefore wunable to detect whether the borehol e may be approachi ng or

i nt er sect Pngfrar i bowehpas to thepufice meanwement perce Wnexpeatad iaterdeptieolpeeht or
that a pot erﬁré&t%?gg%@ﬁﬁée?gn%? @QLSE 'agﬂ?\cﬂéﬁ 06V 85 AP lhp%'gsss%%ri(l%e &P st?iﬁg%d ng

probes Sanpli ng S su as th epwat er obe are

convent i onal pogsibleasls bow-olitiaextraengkes naksditatisg the usoeiblowtost prekerttionan be
anal ysed for_content of gas. These probes have an internal container that
can be opened"8 ¢l osed to seal off a pore water sanple, 25 together with
tenperature and pressure |l ogging instrunentation. There is however no

R TR g e R RS SRR
| ogged neasusRERAE SysHS thehBlihg MR8 hidyDéakawdter 8wR HORALD afttedigtets0Rommsf ace;
required s arr(}))rl stagwgatg; nrarﬁcséd?g g dgs?rrgg lralltir(])gwilthnztl gyrn\t/}i‘:ltii mud concentrate, prior to pumping
down the drillstring to the cutting bit. In this case the drilling mud is not recycled, but
discharged at the seafloor together with the cuttiﬁgs from thé borehole. Such remotely
15 operated seabed systems are not commonly equipped with means for blow-out prevention
and are currently disadvantaged in lacking gas monitoring capability. They are therefore
unable to detect whether the borehole may be approaching or intersecting shallow gas
deposits, or to forewarn the drilling operator that a potentially unsafe condition 1s
developing.
20
(b) Gas sampling probes
Sampling probes such as the NGI Deepwater Gas Probe are conventionally used to
obtain samples of in situ pore water that can be analysed for content of gas. These probes
have an internal container that can be opened and closed to seal off a pore water sample,
25  together with temperature and pressure logging instrumentation. There is however no
means of communication with the probe during the test, which gives rise to a number of
disadvantages in that no data is available in real time; logged measurements must await
retrieval of the probe back to the surface; required sampling times and sampling intervals
must be pre-programmed prior to launch, based on an assumed knowledge of waiting time

30 and soil conditions. The lack of in situ measurement capability requires on-board

laboratory facilities and contributes further delay while results are obtained from separate



must be pre-programred prior to |launch, based on an assuned know edge of
waiting time 30 and soil conditions. The |ack of in situ neasurenent
capability requires on-board | aboratory facilities and contributes further
delay while results are obtained fromseparate -5- instrunental analysis of
the pore water gas content. Another form of sanpling, with particular
application in the case of gas hydrates, involves the use of pressurised
coring tools such as the HYACE Rotary Corer and the 5 Fugro Pressure Corer.
Gas hydrates are naturally occurring unstable conmpounds that rapidly

di ssoci ate at normal atnospheric pressures. Pressurised tools allow sanpl es
to be autoclaved and brought intact to the surface at their natural in
situ pressure for various physical neasurenents and geochem cal anal ysis.
Wi | e usef ul i tudi es, pressurised corers are
currently Ilmmg‘t dpq[ag arsggscre |% tegd}%{ Qﬂl&ﬁﬁeniw table for 10 depl oynent via
renotely operated seabed systems As used herein, the phrase ‘renotely
operated seabed sys raI
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Wi rel ess meangidl(NERLiRIeGRhbRih] aRRIsPRETE préiturs CRRESBYEI00 AMDW sidples ty bace
vessel (renote operator station) is by wire _and/aqr. cable S % el ectrical

or optical f#BpdavedpebBORgHt intagf tPlthel 5§fféﬁ‘? 2h el optugdl ip g pre T V#RRBHtion to

provi de net hoels; aNALLir-ARRRLAN Yotk an@iyh@vmﬁﬁz%s%?fd?rgrdmﬂ&uﬂﬁ%éﬁﬁl above
descri bed disadvant ages associ ated with détection noni toring an sarrpl i ng

of seabed gastheStndiess gresshirissdecorers evschnentlyAiniredde farzn diamstes Hrolsgseidablegfort he
present @veg%dl%ekp%%g‘a{]Seg{)@é}aqe%dscgbeg@?#m@ toring apparatus associated

with a renotel'y “operate system e apparatus including a detector
which is adapted so as to enabl e detection and/or nmeasurenent in real tinme
the As used herein, the phrase ‘remotely operated seabed system’ generally refers to
the situation where the drilling tools and/or downhole probes are deployed robotically or
otherwise down the borehole from a seabed platform or other type of vehicle rather than
15 manually from a surface platform. Communication from the probe to the seabed
platform/system may be by wire(s), cable(s) and/or by wireless means. Communication
between the seabed system and the surface vessel (remote operator station) is by wire

and/or cable (e.g. electrical or optical fibre telemetry).
20 It is an object of the present invention to provide methods and/or apparatus which
alleviates one or more of the above described disadvantages associated with detection,

monitoring and sampling of seabed gas.

Summary of the Invention

25
According to one aspect of the present invention there is provided a gas monitoring
apparatus associated with a remotely operated seabed system, the apparatus including a
detector which is adapted so as to enable detection and/or measurement in real time the
interception of shallow gas in a bore hole.
30

Preferably the detector includes a collector for continuously collecting drilling fluid



interception of shallow gas in a bore hole. 30 Preferably the detector

i ncludes a collector for continuously collecting drilling fluid -6- returns
and contacting the drilling fluid returns with an underwater gas sensor. In
one formthe gas nonitoring apparatus is suitable for use with a drilling
rig for drilling into a sea bed, the drilling rig including a dril

string, the gas nonitoring apparatus 5 including a housing with a
col l ecting chanber therein for receiving drilling fluid returns which
result froma drilling operation, the drilling fluid returns including
fluid containing solids fromthe driIIing operation and, if present,

di ssol ved gas, the apparatus further inctading a discharge conduit for

di scharging the drilling fluid returns fromthe collecting chanber, the
col | ecting chanber and di scharge conduit being configured so that the 10
drilling fl UFdmsengiceripraingdep tirﬂhag Hpidgetomsedth WoWSaRTRe §2hsiaes a

predom nantly di ssolved gas containing phase and if present a free gaseous
phase the apparatus further including one or nore gas sensors associated
wi th the di schar de opefumithe gasdnpuioring oppaiatudisguitable fos apmswith g dyillpesig fort he

predom nant | y..di Y cont-aj ni A5, rid ) ine £ \
further i nc|&{u}igﬁéﬁ‘?‘;u%%?é’?&i%eﬁ%‘%\ﬁ ig?ﬂclﬁ’@@%glrelﬂ??%ggpg Egésllgg&%vh{ r{g%pﬁﬁét\%or e
hol e in the isdadibgd handng With dcolldcting chagber sheagia fireeteirangpdising Himidtehrouugh
there bein neral Ly annul.ar space hetween an.inner.wall of .the tubul ar
cas ng and CHECHR SYoirHiSE wieR. i TR BR AR iR b Boobine o
pzﬁssd 'Tth' h%f?mggmue 841 ePeFdtioneiny, ifﬁiﬂiﬂﬁﬁt,lalﬂséoﬁ{eﬂ laes, ghtbiﬂph afanfsafai;ngf SO L Ihat
the drilling |1d returns can enter the c ecting. chapber. Preferably,
the housi ng inefufingadihpa i z%%ﬂérﬁwal& %%ﬁlﬁggaﬁﬁﬁewgb%ﬂw fitlicetra e
drill stringHeBed@RTollédifig CRANES ahd disehRFP&dRebABg bohfldukd DscRAMAI cat i on
with the passage. Prefera%l y the tubul ar casing ex%ends into the passage.

The appat@t uiitheg flpidis fieshargee e eiraftfied flasawbich sicludeanr pregomirandy disselvedg
chanber 25 s&:gntg{ﬂﬁl gfhhsl.el ﬁﬁf}%rﬁ&nﬁgﬂ-a%g%egﬁ?ﬂa% thd ASpa9itis AEMEPInciMe
a(,g W taﬁl n ondul t

i ncl ude a sensing e di scharge 0 as to contact the
pr edom nant | gnedir gswé gadensars asertiacdivit thendsobaige cpndastemt poRtiohet sidsyo t he

sense, any gas in the predominantly dissolved gas containing phase.

15 The dnlling rig may further include a tubular casing which, in use, is disposed
within a bore hole in the sea bed and the drill string is adapted to pass therethrough there
being generally annular space between an inner wall of the tubular casing and the drill
string through which the drilling fluid returns can pass. The housing may be operatively
mounted to the tubular casing so that the drilling fluid returns can enter the collecting

20 chamber. Preferably, the housing inclndes a passage extending therethrough, through

“which the drill string can pass, the collecting chamber being in fluid communication with

the passage. Preferably the tubular casing extends into the passage.

The apparatus may further include seal means for sealing the collecting chamber

25  with the drill string and the casing.

The gas sensor may include a sensing face within the discharge conduit so as to
contact the predominantly dissolved gas containing phase if present. Preferably the
sensing face is disposed in an upper region of the discharge conduit but spaced from a top

30 region so as to inhibit contact with the free gaseous phase if present.



sensing face is disposed in an upper region of the discharge conduit but
spaced froma top 30 region so as to inhibit contact with the free gaseous
phase if present. -7- Preferably, the housing is spaced fromthe sea bed
and the discharge conduit extends from one side of the collecting chanber
and towards the sea bed. In another formthe apparatus includes a gas

noni toring probe assenbly suitable 5 for use with a drilling rig for
drilling into a sea bed, the drilling rig including a drill string, the
gas nonitoring probe assenbly including a housing attachable to one end of
the drill string and which includes a gag.sensor having a gas sensor ful
within the housing. The probe assenbly nmay further include a soi
penetrating tip at one end of the 10 housing. Openings or interconnecting
passages may be ol AR0 L hoflih O RS bRt BE LihodRil R ERLELWAR DOT ehol e
strata to the gas Sensor tace. e openings or 1nterconnecting passages
may be pr ovietenidyframaonkiside ef thelceliening ohanpzr eud tovardsithasea bed The probe
assenbly may further include internal connecting passages between the
drillstring and the gas sensor face to allow flushing of the sensor face
with cl ean seawatiginothbifoirh efet®pratuBifies @ pasmayniteging peokicdednibiy sutebler di ng
and sinmultaneously transmtting . neasured ggta si.gnal s, i.n nfal tLHE to a
remote oper dPbrsestish ¢ Anlling gz ferdsilung,mta psepded dhetilns g reldipg 2 AR SpEs ent

i nvention t heg gad MomidMizPeshedsdBRibPRicluliR JHRIEhE bitac@1€ € driRGnaidd tHERRALI | NQ
the interception of shaFIOM/gas in a borehole in association wth renotely
oper at ed seaivarE ahd Whirh ipclndesagas| serigr Bying st senton Suhwithigdhe heysingdi ng t he
steps of continuously collecting drilling fluid returns fromthe borehol e,
25 segretaing the drilling. fluid returns into a predom nantly

sol i ds- cont ai ni nglzquelsusssqahids say farther axbdidernsat pynafiainptip edongend @d#eai ni ng
aqueous qﬁasﬁﬁw{f present, and a free gaseous phase, if present,
permtting the dfssol ved gas-cont ai ni ng aqueous phase to flow in contact

wi th one or nore underwater gas measurenent sensors while allow ng the free
gaseous

Openings or interconnecting passages may be provided to allow pore water to
permeate from the borehole strafa to the gas sensor face. The openings or interconnecting

passages may be provided via a filter element of porous material.

15
The probe assembly may further include internal connecting passages between the
drilistring and the gas sensor face to allow flushing of the sensor face with clean seawater.
Furthermore, means for may be provided for recording and simultaneously transmitting
measured data signals in real time to a remote operator station.
20

According to yet another aspect of the present invention there is provided a method
for remotely detecting and measuring the interception of shallow gas in a borehole in
association with remotely operated seabed drilling or sampling equipment, the method
mcluding the steps of continuously collecting drilling fluid returns from the borehole,

25 segretaing the drilling fluid retums into a predominantly solids-containing aqueous phase,
a predominantly dissolved gas-containing aqueous phase, if present, and a free gaseous
phase, if present, permitting the dissolved gas-containing aqueous phase to flow in contact
with one or more underwater gas measurement sensors while allowing the free gaseous
phase to bypass the sensors.

30

According to yet another aspect of the present invention there is provided a method



phase to bypass the sensors. 30 According to yet another aspect of the
present invention there is provided a nethod -8- for renotely detecting and
nmeasuring the interception of shallow gas in a borehole in association

with renotely operated seabed drilling or sanpling equipnent, the nethod
i ncludi ng the steps of connecting a gas sensor probe assenbly to an end of
adrillstring, lowering the probe assenbly into the borehole, pushing the

probe into soil at the bottomof 5 the borehole; allow ng pore water from
the borehole strata to perneate in contact with a gas sensor; recording
gas concentration and sinultaneously transmtting neasured data signals in
real tinme to renptely operated seabed apparatus, thence to a renote
operator station on a surface vessel. 10 Further preferred forns and

al ternatives of the various aspects of the invea%|0ﬁ wll, qgfggyafter be
descri bed. Thussmiorly drieqtingend megaamedhe iplE PRt ShalloY €t BFEVIHE means
to detect a VdeanddBilgld & sh@1 A Bquifthett Ve BietiRdd
renotely opgrgzot%%gbes{mer%ﬁg%g?%%%%hg 15 col Igects?%g 1@%%1”612? may be provi ded
to encl ose ansleding twe stps bheordeptingst gas nepsert probeassepblyfto ap end iAGHE NS e,
where the return flow of drilling £l ui ' - RPN Bm Jhe
col l ecting ﬂ‘é’%’@th%glf?% é Sﬁglrbily l(])]?0 {geggrgp%bspglglﬁéga% srégé’@tn?)dﬂ%ési tion .tt lﬁle
initial casitgbailpde; aleivarig pee hater iomcthabgebdlasirdto tapereate ar ¢dnkdchyithiag ont o

the casing. 20 The base.of the coll ecting.chanber -3 d the
casing pi pe By SESO% 5ERFAINE 835 GOBRTUARF) m@%"f‘@g%g?usa”{%és?nﬁﬁugg ﬁlr?a%% g‘#g The
top of the cehlakGhiragtifkRasrbesoteRbpbatedsedle dpmiaus)thdnbe tas fehloteopeeatby an
upper resilient seal of rubber or simlar nmaterial, or a “floating type
of seal abl SHYNLBEFHHBNEF ot ati onal and vertical movenent of the drill
string. The upper seal is readily replaceable in the event of wear
occurring through contact 25 with the rotating drill pipe. The coll ecting

i
chanber rfly have Burergrefsme dormsandialtematives af thaoreersasperthRidhemyentgncyithed

di scharge pipe.; Mevuppehpsection of the discharge pipe is arranged to
house a gas '

Thus in the first aspect of the invention it can provide means to detect and analyse
seabed gas via the drilling mud returns on a remotely operated seabed system. The
15  collecting chamber may be provided to enclose a section of the drillstring at the top of the
casing pipe, where the return flow of dnlling fluid discharges from the borehole. The

collecting chamber can be part of a casing guide, used to position the initial casing pipe

relative to the clamp that holds the drilling rig onto the casing.

20 The base of the collecting chamber may be sealed around the casing pipe by a
lower resilient seal of rubber or sifnilar material. The top of the collecting chamber may be
sealed around the drill pipe by an upper resilient seal of rubber or similar material, or a
‘floating’ type of seal able to accommodate rotational and vertical movement of the dnll
string. The upper seal is readily replaceable in the event of wear occurring through contact

25  with the rotating drill pipe.

The collecting chamber may have a side outlet to which is attached a downwardly
inclined discharge pipe. The upper section of the discharge pipe is arranged to house a gas
sensor with its sensing face disposed into the discharge pipe, but offset circumferentially

30 from the top of the pipe. The gas sensor is electrically wired to a power supply and

telemetry interface on the seabed drilling rig. More than one gas sensor may be provided




sensor with its sensing face di sposed into the discharge pipe, but offset
circunferentially 30 fromthe top of the pipe. The gas sensor is
electrically wired to a power supply and telenmetry interface on the seabed
drilling rig. More than one gas sensor may be provided -9- in this nmanner
to measure different types of gases or different ranges of gas
concentrations. In operation, drilling fluid or nmud which is punped down
the drill pipe picks up cuttings fromthe bottom of the borehol e, together
with any inflow of |iquids and gases 5 fromthe formati on bei ng penetrated
by the drill bit. The resulting m xture fhows fromthe region of highest
pressure at the bottom of the borehole up through the drilling annul us
(the narrow annul ar passage between the rotating drill pipe and the fixed
casi ng pipe). I ; -cat. Walol
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particles in the coarser sjze fraction f .sand _and, gri ettle oyt of
Suspensi on s t nePREAM: HOREGLER PHRGR eI rann g 35h R g

pr edomi nant Lwtﬁ@@mumemftbm]@ﬁ e étiol, igemsywith asonfied (ﬁ'&i];q&iﬁs iahd(;g&eéh n
contact wi_th_the gas sensor face in 15 the upp section .of the di.scharge
pi pe. Thesgag_o’é‘éh%@ﬂlf“é@ebq“ke Relﬁ‘ﬁtéatg‘iz\é‘b?’egwlgﬁe%‘? B‘W‘%’Pg MK HEYS gP?lltﬁ‘? ng
fluid to proMgf & nEPBdipPioMs affha Sbii@nBNhe Bbrelbis 90 tMO0RI0ME denRembiat i on
in the formation being penetrated. The nmeasurenment output signal is

transmitted (the paseaw annulpe passage heswenndheorstatag drill pinstand facoixadifasiag pmgbdo
vessel . 20 | t.i,50i) —bu - A L Rodcbe
driing f1 i oy okeprleal oBfiY ol AncRR, P IR DB bk e the
measur ement shigmiahe dodlesimEginhamber a8 @essegjiatp theBisthasgaipe wheredhaflpw dendaimant | y
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t he gas sensor fice by virtue of its positioning with respect to the
stratified flow. 25 Continuous nmeasurenent in the manner described above

can provi de advancge, . war nj. of . a possi.bl as hazard with ly. a
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suspension as the mixture flows through the discharge pipe, while the predominantly

aqueous portion containing any dissolved gases flows in contact with the gas sensor face in

15 the upper section of the discharge pipe. The gas sensor face is thus swept by the flow of
returned drilling fluid to provide a continuous measurement of dissolved gas concentration
in the formation being penetrated. The measurement output signal is transmitted in real

time to a remote operator station on the surface vessel.

20 1t is important that any free gas bubbles entrained in the drilling fluid mixture
cannot collect on the gas sensor face and cause the measurement signal to saturate. Free
gas bubbles rise into a predominantly gaseous portion of the flow, uppermost in the

discharge pipe, and bypass the gas sensor face by virtue of its positioning with respect to

the stratified flow.
25
Continuous measurement in the manner described above can provide advance
waming of a possible gas hazard with only a relatively short delay. This delay,
representing the transit time of the drilling fluid returning up the drilling annulus, is
determined by the depth of the cutting bit and the velocity of the fluid in the annulus.
30

By way of example, consider a drilling operation using a B-size drill pipe of



representing the transit tinme of the drilling fluid returning up the

drilling annulus, is determ ned by the depth of the cutting bit and the
velocity of the fluid in the annulus. 30 By way of exanple, consider a
drilling operation using a B-size drill pipe of -10- outside dianmeter (dr)
54 nun, a casing pipe of inside dianeter (do) 60 nun, at a depth (L) of 50
minto the sub-seabed and with a drill water flowrate (F) 15 L/mn. The
cross-sectional area (A) of the drilling annulus is given by the

relationship 5 A= (ir/4) (d,2- dp) (rr/4) (0.0602 - 0.0542) = 5.37 x
10-4 in2 Assum ng an ideal situation mhere the borehole is fully cased and
there is no net 10 loss or gain of water'$towing into or out of the
surrounding soil formation, the drill water velocity (V) in the drilling
annulus is given by V = F/A = 0.015/60/5.37 x 10-4 15 = 0.465 nls The
transit ti meoytdijle dfamgter Kd,) ﬁ:gmm @icdsinppiphef dlSichdiizmgetqr(m)I603milsatgid¢9ﬂ1 Byof T
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fluid occurs™in urroun 'ng ncased section of the
borehol e, the return flom1|s reduced and the response tine is

proportionately |anger. wev r t retu flow retains i ssol.ve
concentration 25? ?r8§9eﬁ‘?‘f E"eﬂféﬁ érﬂhfl%@m} é?%lé’ﬁ’fg?ﬂdr}edfﬂﬁﬂ?‘i‘ . The
detectionslimt of gaszggmgﬁiapajl on wi || depend on the measurenent -
sensitivity of the gas se g dilution factor attributable to the

drilling fluid. Fig. Z"KW)L(QiOPQt'eQ Oé‘f‘éphl cally the typical sequence of a
gas interception event_guri,ng* p

Assuming an ideal situation where the borehole is fully cased and there is no net
10  loss or gain of water flowing into or out of the surrounding soil formation, the drill water

velocity (V) in the drilling annulus is given by

Y =F/A
=0.015/60/5.37 x 10
15 = (.465 m/s

The transit time (T) of drilling {luid in the dnlling annulus is given by
T =L/V
= 50/0.465
20 =107 seconds

In practice, if leakage loss of drilling fluid occurs into the smounding formation in
an uncased section of the borehole, the return flow is reduced and the response time is
proportionately longer. However the return flow retains a dissolved gas concentration

25 representative of that in the intercepted formation. The detection limit of gas concentration
will depend on the measurement sensitivity of the gas sensor and the dilution factor

attributable to the drilling fluid.

Fig. 2 illustrates graphically the typical sequence of a gas interception event during
30 drilling. Continuing the above example, with a typical bit penetration rate of 4mum/s the

hole will advance only about 430 mm during the 107 seconds measurement delay period.




30 drilling. Continuing the above exanple, with a typical bit penetration
rate of 4rmm/s the hole will advance only about 430 mm during the 107
seconds neasurenent delay period. - 11 The in situ concentration of

di ssol ved gas may be calculated fromthe dilution ratio of cut material to
drilling fluid flowrate. For exanple a B-sized coring bit with outer
dianeter 60 mm and inner dianmeter 44 nun wll cut 5.23 x 10'6 nB/s when
the penetration rate is 4 mnls, giving a dilution ratio of 48:1 when the
drilling fluid flowate is 15 L/mn. A5 typical nmethane sensor has a
measur enment sensitivity in the range 30Q0ipmol/L to 10 noUL, thus the | ower
detection Iimt of in situ dissolved gas concentration is 48 x 300 nnol/L,
or approximately 15 nmoUL. A lower dilution and higher sensitivity is

obtained if e hole is ed. W on-...10 i i -Igﬂg
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15 A nore precise neasurenent of the in situ. dissolved gas concentration

can be obt AMEAMsNaREAHNRTHAS G MRTERFN SPR Y dR Begargrel0amedtitAdl | engt h
accordi ng t @nidie, 8fus B Blver dd@tioMilRUrRYsitBsdIRRE WhEhnBatraf 0N o8t #6d on to
di ssipate to zero or to stabilize to a 20 base val'ue (b) Advancing the
drilling ovamoyLgerippeaxipatebt Samdf--1 ength (c) Recording the gas
concentration in the drillling fluid returns as a function of tinme 25 (d)
Stopping the drilling while punping fluid to the bit (e) Allow ng the
measured gas condebtveatiilaivntand dighsi geatigvityois pbtamediif the heleabbdred with @ riohe
base val 1 %gring bit and/or a Jower drilling fluid flowrate. In the foregoing example the dilution ratio
15 22:1 if a non-coring bit is used with a fluid flowrate of 15L/min, i.e. the m sifu dissolved
gas concentration is 22 times the concentration measured in the drilling fluid returns and
the lower detection himit of in situ dissolved gas concentration is 22 x 300 nmol/L, or

approximately 7 umol/L.

15
A more precise measurement of the in situ dissolved gas concentration can be
obtained by conducting the drilling process over a defined length according to the steps of:
(a) Allowing the measured gas concentration to dissipate to zero or to stabilize to a
20 base value
(b) Advancing the drilling over a defined penetration length
{c) Recording the gas concentration in the drilling fluid returns as a function of time
25
(d)  Stopping the drilling while pumping fluid to the bit
(e) Allowing the measured gas concentration to dissipate to zero or to stabilize to the
base value
30

63 Integrating the gas measured response curve to calculate the total volume of gas:



(f) Integrating the gas nmeasured response curve to calculate the total

vol ume of gas - 12- released in the defined penetration |ength (9g)

Cal cul ating the volune of material cut fromthe defined | ength of borehole
5 (h) Dividing the cal cul ated volune of gas by the volune of cut material.
The total volume of dissolved gas in step (f) is represented by the shaded
area under the neasured gas concentration curve shown in Fig. 2. In
practice, if |eakage loss of drilling fluid to the formation occurs this
met hod will understate the total dissolved gas. 10 However by neasuring the
exit flowin the discharge pipe with a suitable instrunent such as a
doppl er flowneter and conparing with the -ndasured drilling fluid input
flowate, a correction can be applied. It is also possible that |eakage
flow into the borehole may occur fromthe surrounding fornmation. Dependi ng
on whet her the i nfdlensednrthe esfirgdpendirativslengthvat er the in situ concentration
wll be either over- or under-estimted. Inflow of gas may 15 be detected
by cycling the flushing water on and off without drilling and nonitoring
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from the surrounding formation. Depending on whether the inflow carries gas or just
water the in situ concentration will be either over- or under-estimated. Inflow of gas may
15 be detected by cycling the flushing water on and off without drilling and monitoring the
gas sensor response for corresponding changes in dissolved gas concentration.
Alternatively, to preclude leakage inflow, procedures may be adopted to ensure the drilling
fluid pressure remains higher than the static pressure in the non-cased section of the
borehole.
20
In the further aspect of the invention, the device may be a downhole probe
assembly provided io detect and analyse in situ seabed gas in an established borehole. The
probe assembly may include a hydrocarbon sensor or other type of gas sensor and may be
deployed via the drillstring from a remotely operated seabed system to any known depth in
25  the borehole. The probe may also be adapted to be pushed ahead in suitable ground
conditions and peneirate the soil at the base of a borehole, to monitor the pore water
dissolved gas concentration together with other parameters such as temperature and
pressure. Water from the borehole can permeate into a small sensor chamber, located
behind a proiective cap at the end of the probe assembly. The sensor chamber can also be
30  flushed with clean seawater drawn from the vicinity of the seabed rig, whenever a ‘zero’

reading 18 required.



30 flushed with clean seawater drawn fromthe vicinity of the seabed rig,
whenever a zero' reading is required. - 13 The probe assenbly al so

i ncl udes neans for powering the gas sensor and for continuously | ogging
and transmtting the sensor output signals in real tinme to the seabed
system and thence to a renote operating station on the surface vessel.
Usi ng the down- hol e probe, information about the rate of gas diffusion

t hrough the surrounding strata can 5 conpl enent | aboratory anal ysis of
hydr ocar bons taken by conventional gas sanpling probes. Preferred

enbodi nents of the invention will hereinahter be described wth reference
to the acconpanying drawings. 10 List of Figures Fig. 1 shows a
cross-sectional arrangenent of the drilling fluid gas nonitoring aspect of

the invention. 1 i qg@g - ﬁﬂ%gg Lo ddLEr cept ed
di ssol ved' gas reﬁgggggmﬁﬁ%%ﬁﬁfagggﬁpﬁ$?ﬁ§8§ﬁ%i ?n%ﬁe ut?anmE?%. Fig. 3a
shows a cut - awdivustishviogding el tchamsmiithethg asnsoonitpuisigngls mr whktime tdithe 3gabed
enl arged views, of t upper_and | ower sections of the pr < Fla. is a
detail of on®F5t ?ndgﬁc“tcﬁgo HIFGEE WG gisﬁ’ﬁ&? g %‘5.S“If |ed’.egs§gb|6§smgh%edt°§'?ll of
anot her par t hélk pidbe, ipfoangticaludunt théiraté @f gia diffulion Birgugldths bamsunding strata can
cross-sectional .arrangenent of g gas sensin oi | probe, scription of
Pr of or 1 60> EntHIOR FBFALARGTAAIN ST A& Ak SFOCSEOTY (Rer f S RRlienp b gy Bﬁf}g in a
first aspect,@ked he invention a rotating drillstring 1 equipped with a
cutting bit E is associated with a renotely operated seafloor drilling rig
-14-

Preferred embodiments of the invention will hereinafter be described with

reference to the accompanying drawings.

10
List of Figures
Fig. 1 shows a cross-sectional arrangement of the drilling fluid gas monitoring
aspect of the invention.
15

Fig. 2 represents a measurement response to intercepted dissolved gas released into

the dnlling fluid by the cutting bit.

Fig. 3a shows a cut-away view of the downhole gas monitoring probe with

20  enlarged views of the upper and lower sections of the probe.

Fig. 3b is a detail of one part of the probe shown 1n Fig 3a.

Fig. 3¢ is a detail of another part of the probe shown in fig 3a.

25
Fig. 4 shows a cross-sectional arrangement of a gas sensing soil probe.
Description of Preferred Embodiments of the Invention
30 With reference to Fig. 1, in a first aspect of the invention a rotating drillstring 1

equipped with a cutting bit 2 is associated with a remotely operated seafloor drilling rig



situated at the seafloor 3. Drillstring 1 forns a borehole as it penetrates
a natural formation of seabed material 4 which may contain trapped or

di ssolved gas. Drillstring | passes through a casing pipe 5 which is set
into the borehol e and which may be advanced as the borehol e deepens. The
drilling rig is located on the borehole by a casing clanp 6 and there 5 is
a small annular gap 7 between the external dianmeter of drillstring 1 and
the internal dianeter of casing 5. An annular collecting chanber 8 is

| ocated at the top of casing pipe 5 surrounding the point of entry of
drillstring | into casing pipe 5. Collecting chanber 8 is provided with 10
an upper seal 9 constructed of wear residftant resilient material in seal i ng
contact with rotating drillstring 1, having sufficient conpliance to
acconmodat e possi bl e eccentricity in the rotation of drillstring 1.
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15 between upper seal 9 and lower seal 10.

A discharge pipe 12 connects to discharge aperture 11 and is downwardly inclined
away from collecting chamber 8. The upper section of discharge pipe 12 is adapted to
contain a gas sensor 13 of a conventional underwater type, for example the METS methane

20 detector manufactured by CAPSUM Technologie GmbH. Gas sensor 13 is mounted such
that its sensing face 14 1s disposed into discharge pipe 12 and is offset circumferentially
from the top of discharge pipe 12. An underwater cable 15 connects gas sensor 13 to a

power supply and telemetry system on the drilling rig.

25 In operation, pressurised drilling fluid 16 is introduced at the top of drillstring 1 and
flows downwards though the central passage 17 in drillstring 1 to exit at the cutting face of
cutting bit 2. Drilling fluid 16 picks up the material being cut from the borehole, including
any released gas, and the mixture flows upward through annulus 7 to emerge in collecting
chamber 8 and flow into discharge pipe 12. The area ratio between annulus 7 and

30  discharge pipe 8 is such that the flow velocity and turbulence are substantially reduced in

discharge pipe 8, inducing a vertical stratification in the flow. Cuttings particles in the



- 15 coarser size fractions of sand and grit tend to segregate into a
denser layer 18 flowing in the |ower section of discharge pipe 8 while a
predom nantly aqueous portion 19 containing any dissolved gases flows in
contact with inclined gas sensor face 14 in the upper section of discharge
pipe S. Gas sensor face 14 is thus swept by the now of returned 5 drilling
fluid to provide a continuous neasurenent of dissolved gas concentration in
seabed formation 4 being penetrated. Any free gas bubbles entrained in
aqueous portion 19 rise into an uppernost predom nantly gaseous portion 20
of the flowing mxture. Gaseous portion 20 bypasses gas sensor face 14 by
virtue of the position and orientation of gas sensor face 14 with respect
to the stratified flow, thus avoiding direct contact of any 10 free gas
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sensor 13 may contain a nunber of output channels, each neasuring a
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pressure. A pressure, thus avoiding possible dilution of the drilling fluid returns by inflow of water past

seals 9 and 10. The measurement output signal 1s transmitted in real time to a remote

15 operator station on the surface vessel.

At any time, the sensors can be ‘zeroed’ by flushing with clean seawater, drawn

from an mlet several metres above the sea floor.

20 As the borehole advances in depth, casing pipe 5 may be extended by withdrawing
drillstring 1 and adding pipe lengths incrementally such that the top of each new length of

casing pipe 5 aligns within collecting chamber 8.

With reference to Fig. 3, in a further aspect of the invention a probe assembly 21
25 may be attached to the lower end of drillstring 1. Probe assembly 21 includes an outer
tube 22, which connects at the upper end to a drill pipe adapter 23 and is terminated at the
lower end with a hardened conical tip 24 or similar soil penetrating device. The lower end
of outer tube 22 is also arranged to contain a gas sensor 13 of a conventional underwater
type, for example the METS methane detector manufactured by CAPSUM Technologie
30 GmbH. Gas sensor 13 may contain 2 number of output channels, each measuring a

particular molecular weight hydrocarbon, also ambient temperature and pressure. A



-16- sanpling chanber 25 is provided between tip 24 and gas sensor face 14,
chanber 25 having a nunber of apertures or perforations 26 in the wall

whi ch permt contact of external fluid with gas sensor face 14. 5 Tube 22
contains an el ectronics assenbly which preferably includes an acoustic
transmtter 27, battery pack 28 and data | ogger nodul e 29 of conventi onal
type such as that manufactured by Geotech AB for use in a cordless CPT
system The electronics assenbly is connected to the |ower end of dril
pi pe adapter 23, extending axially inside tube 22. An internal flow path
is provided between drillstring 1 and sanpling chanber apertures 26, 10

i nterconnecting via a water passage 30 inlérill pipe adapter 23, an annul ar
passage 31 formed between the el ectronics assenbly and tube 22, then

t hrough the bore of tube 22 and an annul ar passage 32 fornmed between
sensor 13 ancaple dambeel s ipoggdsd bebeich éip29 andgas gmsorsfeq:ﬂsb‘lr cHa3ntger 85

provided with electri onnectors 33 of underwat er, t.ype
Blich as. SeacdRVmRARHTR of SRS Srarrireehy SPRAR el o Bk a5 b 4.
I n a parti culeaterdkbfliidrwieingas@Endoh€ack M¥ent i on, tube 22 may contain an -

addi tional battery pack which separately powers gas sensor 13. Wth
reference to Fig. 4, probe assenbly 21 may alternatively termnate wth
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t hr ough op@niingsoRfectiig via a water passage 30 in drill pipe adapter 23, an annular passage 31

formed between the electronics assembly and tube 22, then through the bore of tube 22 and
an annular passage 32 formed between sensor 13 and tube 22. Data logger module 29 and
gas sensor 13 are provided with electrical connectors 33 of conventional underwater type
such as Seacon ‘All Wet’ series and an interconnecting cable assembly 34. In a particular
15  vanant of the invention, tube 22 may contain an additional battery pack which separately

powers gas sensor 13.
With reference to Fig. 4, probe assembly 21 may alternatively terminate with soil
penetrating apparatus which includes a porous element 35 such as a sintered filter, and an
20  internal passage 36 interconnecting to chamber 25,

The method of operation of probe assembly 21 may include as follows the steps of:

(a) Remotely connecting probe 21 to the end of a drillstring, or other seabed
25 penetrating apparatus

(b)  Lowering probe 21 a known distance into a borehole
(¢)  Flushing clean seawater though sampling chamber 25 -

30
(d)  Pushing probe 21 into the soil at the bottom of a borehole



porous el enment 35 and passage 36 to contact gas sensor face 14 (f)

Recordi ng via data | ogger 29 gas concentration, tenperature and pressure
data 5 neasured by sensor 13 and sinultaneously transmtting the data
signals via acoustic transmtter 27 to a renotely operated seabed
apparatus, thence in real tine to a renote operator station on the surface
vessel. The reference to any prior art in this specification is not, and
shoul d not be taken 10 as, an acknow edgnent or any form of suggestion
that that prior art fornms part of the common general know edge in
Australia Throughout this specification_gnd the clains which follow unless
the cont ext requi res ot herwi se, the word "conprise", and variations such
as "conprises" or "conprising”, will be understood to inply the

i nclusion of .a st edlnteer r_ st r .ar { ut
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steps. Finally, pbrouSelt@ehesundpsssigeadb tbhahtastans swsordhdeerdat i ons,

nodi fications and/or 20 additions may be incorporated into the various
constructions and arrangenents of parts w thout departing fromthe spirit
or anbit of hhe R@y&a&g% datah%gge@é\lgwﬁc&mmmﬁﬁwaﬁpéramassarmegsmremgl
appar at us for use withrenotel erated seabed system_equip , the
appar at us® i ncl udintrgsuacdssesrid @ngﬁmtav%ouéaarﬁpwﬁw the detg sigh BIVE? 5
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in a bore hole. paratus accord oclaim1l erein the gas sensor
i ncl udes a col | edt @renicmwpeammatatmmtyze gufaceresselg drilling fluid returns
and contacting the drilling fluid returns with an underwater gas sensor.

10 3. Apparatus according to claiml or claim2 which is suitable for use
with a drilling Thegeftiencedniahy prigr arnindhia speeifidatieh) istolot add slduildgotibiedaken
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common general knowledge in Ausiralia.

Throughout this specification and the claims which follow, unless the context
requires otherwise, the word "comprise”, and variations such as "comprises” ot
15 “comprising”, will be understood to imply the inclusion of a stated integer or step or group

of integers or steps but not the exclusion of any other integer or step or group of integers or

steps.

Finally, it is to be understood that various alterations, modifications and/or
20 additions may be incorporated into the various consiructions and arrangements of parts

without departing from the spirit or ambit of the invention.



drilling fluid returns which result froma drilling operation, the drilling
fluid returns 15 including fluid containing solids fromthe drilling
operation and, if present, dissolved gas, the apparatus further including
a discharge conduit for discharging the drilling fluid returns fromthe
col l ecting chamber, the collecting chamb¥ and di scharge conduit being
configured so that the drilling fluid is discharged in a stratified flow
whi ch i ncl ud M edom nant |y di ssol ved gas containing phase and if
present a free gaseous phase the 20 apparatus further including a gas
sensor associated with the discharge conduit and positioned so as to sense

any gas in the pr ' t ' Y eV !?Héhedég&gﬁat us
accordi ng tonc':l ai %ﬂg@%@?%%g&ﬁiﬁ [ ngﬁrﬁg%ﬁr“?ﬁegmﬁ%ﬁg’ es a tubul ar
casi ng whi ch,system ggepment, e sprasatus ingludinga gasownser Mbich i$ adapied se esitormablend t he
drill string'gl. . t.hr | |y
annul ar sp‘)jaceff e %‘e%gﬁggﬁgi%ﬁrﬁ@%nﬁg?@ %Q@pﬁéﬁe%{&giopggag?\ggﬁéﬁégﬁﬁg{o Fill
string through which the drilling fluid returns can pass, said housing
bei ng operatiyvely I h u | dr bl fluid
returns can gﬁter%%hqégg?%gﬁ%% %ﬁ%ﬂ%ﬁm&%ﬁh@%ﬁgﬁ%@ﬂé@%&%&gl |t1r)118§)tr 0
claim 3 or 4 cofgwensty cdllectingudsilling fluid tetwinsand cprtacting the drilling @iid geturns with

t her et hrough,an%me%gtgré/xgi 8!3 R he drill string can pass, said collecting
chanber ’

10
3. Apparatus according to claim 1 or claim 2 which is suitable for use with a drilling
rig for drilling into a sea bed, the drilling rig including a drill string, the apparatus
including a housing, the collector including a collecting chamber therein for receiving
drilling fluid returns which result from a drilling operation, the drilling fluid returns
15  including fluid containing solids from the drilling operation and, if present, dissolved gas,
the apparatus further including a discharge conduit for discharging the drilling fluid
returns from the collecting chamber, the collecting chamber and discharge conduit being
configured so that the drilling fluid is discharged in a stratified flow which includes a
predominantly dissolved gas containing phase and if present a free gaseous phase the
20 apparatus further including a gas sensor associated with the discharge conduit and
positioned so as to sense any gas in the predominantly dissolved gas containing phase.
4. Apparatus according to claim 3 wherein the drilling rig further includes a tubular
casing which, in use, is disposed within a bore hole in the sea bed and the drill string is
25  adapted to pass therethrough there being generally annular space between an inner wall of
the tubular casing and the drill string through which the drilling fluid returns can pass,
said housing being operatively mounted to the tubular casing so that the drilling fluid
returns can enter the collecting chamber.

30 5. Apparatus according to claim 3 or 4 wherein the housing includes a passage
extending therethrough, through which the drill string can pass, said collecting chamber




