REMOTE GAS MONI TORI NG APPARATUS FOR SEABED DRI LLING Field of the Invention
This invention relates generally to the nonitoring of shallow gas in a
seabed. TWeo 2w@vmed7seabed” is intended to cover the groumdTnuders/mma?body of
wat er such as for exanple, the sea, ocean, |ake, river, dam and the |ike.
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 fornms of rigs which
enabl e the penetration of the seabed. -this nay be achieved by drilling or
ot her neans of penetration. Thus where reference is made to a drilling
operation this includes within its scope other operations by which
penetrati on REMOTECABEMONIEOREVGEIPP ARATES FUR SEABH R DRIEEING made to

drilling rigs and drill strings which formpart of the rig this again
includes within its scope equi pnent which enabl es penetration of the seabed
for analysis sanpling and the |ike. Background Drilling of the seabed is

wi dely conducted for a nunmber of purposes including geotechnical sanpling
and t est iFigdd obtHeshnaertiby dr ocar bons expl orati on, geohazards identification,
and specific scientific studies. Such drilling activities can encounter
shal | gas deposits in the seabed that can present potentially serious

hazards to 0p%?stxhe&ﬁmnﬁ»@ﬁ&%%eﬂe%ﬁl;rwh@ﬁlbﬁit&%geoffgh@m\d%ﬁ@mwédo T
marine organisnms wWithin shalFlow sédinmentary |ayers or it nay seep from deep

hydrocarbnnﬂ§a&mdé§1n@ndhiga@Vd@bQQKmsd@a@ﬂwGYboﬁY@fﬁﬁ@r@Wh@i§Mb5|ve and

can be confi ed W t t seabed, at hi ﬁ(ressure In certain regines of
hi gh pr eSEHPRCH 8#%\?/"?%%’5?&1“@?&%@ ®dept hs beyond 300 netres,

marine sedinents may contain gas hydrates close beneath the sea floor.

Hydrates are quasi-stable solid phase gas-water structures that can
si gni ¥4 cant | y 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 drilling rigs 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 drilling 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.

20
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 originate 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.



i nfluence the strength and stability of the seafloor sedinments in which
they occur. Gas hydrates are thus an inportant consideration in offshore
geohazar d80Qaganko7hr om attracting i nterest as a pot enti CTARDEGWOIAEIOUr CE) ,
especially in areas where deepwater oil and gas exploration and
exploitation activities can alter soil conditions to the extent that rapid
destabilization of the seafl oor may occur. In sone cases the presence of
shal | ow gas can be recogni sed by survey prior to commencenent of drilling,
where pock marks and/or shallow depresdions are identified on the seabed.
Gas hydrate sedinents and underlying free gas nmay be indicated on seismc
records, appearing as a bottomsinulating reflector. In other cases,
particul arly vheseih rapanyd oiggh pieesise axd biv temptiacirsealvetsr depids pegmdnce of
shal | ow %’2)3 deposits may not be i mredi ately evi deng fr%nt seabed feat ures,
and t hus SYHyBES.SREBGHE IS Max peiagey hydsatsh elgsgpsnept ”153 %¥¥i ons may be
carried out froma surface platformsuch as a drillship, jack-up rig or
sem -subnersible drilling rig, in which case the drillstring extends

t hrough a ri séiydrated dre quadi-atabbodolichphasedzaswatertshrgctomasdhasicen sighifigahids s

expensive alterpative formof..seaped drjlli and. sa I,n Qperations are
carriet d ugpegt SFE%{‘ ap Stf'}%ﬁlﬂ?}f Bﬁbﬁgaeaéi?gf %ﬁ%ﬁ“ﬁ'ﬂﬁfrbvg%hf%%{%é %e@?sl oor on
an unbi | icalatdsBMnds ahlirhpsiBnY 8SHfleratlon ih BFShdr8 geoHaR&dd gaﬂahawm Bgragkigends

into the borehole only fromthe seabed rig and the surface vessel need not

be stati dnietestidsragmtdnfiabérevey taseurbe); espstielly imaresscwlnre deerotater dilordigsbe with a

shal | ow gas, deposi t .allow.rel ease of t.oxic.and/ fl s such as
hydr ogen §3}°5§ﬁ>8§ngﬁﬁ”ﬁﬁﬁh‘)&a@t\){,ﬁlﬁé i i Oendmtlé(;{gttﬁéhesel} r aceL[§a g(? a
drilling dé@@gigkaﬁ@aﬂtmﬂg@rmgfa&duh and safety of personnel and safety of

equi pnent, hi the case of drilling equipnment supported on the seabed,
rel eak® of high pressure gas can result in a sudden and uncontrolled | oss

cqui pront. { oot Agae HEE ek BlenBORE Al Ry REp Ul QAR Blolo e
r esul t antcodmmegemeandf daHmgowhpreqaiok mavkd andidrshaliptw tégredsivms are itlengfiadrog.
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

immediately 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 rig 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
drillstring 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 a drilling vessel, can endanger health and safety of personnel and safety of
equipment. In the case of drilling equipment supported on the seabed, release of high
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



Drilling operations through hydrates can cause pressure and tenperature
changes which may result in rapid dissociation of the hydrates and
consequenvolb@visaizs and/ or destabilisation of the seafl @or/Avdh@nosanpl es
are taken for geotechnical assessnment from seabed sedinents in deep water
t hey undergo extrenme pressure relief as they are brought to the surface.
Gases dissolved in the pore water nay cone out of solution and cause sanpl e
di sturbance, which can inpact significantly on sanple quality and
subsequent interpretation of Iaborator?"test results. Know edge of the
strength characteristics of marine sedinment soils in which gas hydrate
deposits can occur is vital to the econonm c establishment of seabed

i nfrast r ygtdguipmdt, with tebgtaaf eaeagerunidipwrdf pradustieipy theodghdiltinger fopplig u

di ssol ved %as content and degree of saturation. Detectj nnnitgr'ng and

on
measur emBatling opgiatiqns firgush HEEaies eMCRSE RICEHET BNJPRPFTARET thines Bl s of

seabed dblavirbA inﬁmmsg%i@ ST BMILE A IANERLAGAbIORs shilofOnvent | onal

practice i'S may I'nvo noni tori1 ng of ing returns at the surface
and (b) dephalisation ob6fthegastl®anpl i ng probes in the borehole. (a) Drilling
returns nonitoring For drilling operations generally, drilling fluid or nud
i's puﬁped to the cutting bit through the drill pipe to cool and lubricate

the bit and t QvAGIRMUBIEY 1aRESTO: loeletiifcdd asedient fromesedlidd delingentic r et ur ned
fromthe borehole carries with it a continuous sanple of material

r epr esentla¢yi weteothey hedgeo bxirinecpressrerelicHassthereimg Grojhbtor the sarfasg. (Grsedri | |
bit, including,free and dissol ved S I f : S0) ix. The
dr 111 ng ol eq ot G RBR TRy 1% PR ehRRE AT Guhd PR BRI Bbnd TRAICK, | 2
rot at i ng c ithpachipgifiefelyt difsasiplé Quulidy agl adsédu@niinpeprefation belaboramrgtess eabed
drilling where operations are carried out froma surface . . .
10 ~ results. Knowledge of the strength characteristics of marine sediment soils in which gas
hydrate deposits can occur is vital to the economic establishment of seabed infrastructure.
It is therefore an important step to know the in situ dissolved 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 drilling 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. The drilling 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



vessel or platform a nud |ogging systemis typically used. This includes
nmoni toring and anal ysis of gases |iberated fromthe returned drilling nud
bef ore itwpassas2idack to thehol di ng tank. Various sensoPETxU2bb5gliBpeed gas
chromat ography instrunents neasure the presence of hydrogen sul phi de and of
hydr ocar bons, particularly those of |ow nol ecul ar wei ght such as net hane.
When operating at great water depth there is however, a significant
measurenent |lag due to the tine taken for the drilling nud returns to
travel fromthe borehole to the surfacé neasurement zone. Unexpect ed
interception of a high pressure gas pocket may cause a sudden rise or

"kick' in pressure in the drill string and possible gas bl owout in extrene
cases, nackag) thalt.i Wgridussenses of hiph speed ghs phvewatrtgraphy eopiiiupreststmedsuretthe f or m

of seabed drilling where operatjons are carried ou ia renot.el y operated
system PrrEeRfieiof Iy epr ﬁlaﬁﬁﬁwct%ﬁyéamwsnanﬁyo%% TpFrEay
surr Ound%/eié?& sOGPWah&hadB, X et GpePatBRSH bRAL ke Qepth tlbr@ishoRich&l hc nud

concentrate, prior to punping down the drill strélgl% to the cutting bit. hi
thi s caseignifeantmbdsurenant thg dienothertines wkenifor g drililisg rmdgelgrsito tigsels eaf | oor

t oget her \w t he.cuttings fromthe borehol Such _renot el y oper d seabed
systems &P %Eb%%‘ﬁr%tﬂﬁ@g%%ﬁcw&aswmﬁm FRATi ?F%%eﬁﬁegg&qgrﬁ gp%orn eé\%gdnlﬁé}g n and
are curr@faskmegw Ninagestise A shaddirie og Adckronipkasiedn trpkl dttiigandThey are
therefore unable to detect whether the borehole may_ be approachi ng or

i nt er secPpsaiple gag blow-Qidn eelprseg qases, pecosBiating digaiss of ROWPHINTEYFEtBPer at or

that a p%t%n{.)nie%g |y unsafe condition is devel oping. (b) Gas sanpling probes
Sanpl i ng %rg €s'such as the NG Deepwater Gas Probe are conventionally used
to obtain sanples of in situ pore water that can be anal ysed for content of
gas. These prqobes have an_internal container that ca be.o{Pened and cl osed

to s _e]aq off a I%Q}f’efoﬂ}_étoéﬁea?ﬁﬁlrﬂp “f,ngt"glfé‘? PRGOS 131G GARRet Ot Vid IRy essur e
1 099i NG IoBSLfdAGHERA! Ui d nSay WARY R AteP@rawn from the immediate surrounds,

or seawater mixed to a desired ratio with a synthetic 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 cuttihgs from the 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 is
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



means of conmunication with the probe during the test, which gives rise to
a nunber of disadvantages in that no data is available in real tine; |ogged
measur emewo0muso7awai t retri eval of the probe back to trhe/Adodsaoesd7
required sanpling tinmes and sanpling intervals nust be pre-programred prior
to | aunch, based on an assuned know edge of waiting tinme and soil
conditions. The lack of in situ neasurenent capability requires on-board

| aboratory facilities and contributes further delay while results are

obt ai ned from separ at ei nst runent al analsysi s of the pore water gas content.
Anot her form of sanpling, with particular application in the case of gas
hydrates, involves the use of pressurised coring tools such as the HYACE
Rot ary Cangrunsnthl hitdydruigf the BorssateegaSenmtent. Gas hydrates are natural |y
occurring unstabl e conpounds that rapidly dissociate at normal atnospheric
pressure. Pressurised tools allow sanples to be autoclaved and brought
Intact to the JHRAGEmRbE déahgﬂﬁl N@ il g?xlucmar pthuaﬁ)dﬂelastﬁé Bask OF é{sal{ydﬂiés
physi cal neasurenents an ocﬁem C anal ysis. Wile usef uF gr ound
t r ut hi ng mvrdvccstthmmsesiﬂpdcsemsqdrcessgl taodseicls s ‘éllesIﬂéA@Echtﬁle’r@¢1‘9r alndrfh@ ed to

| ar ge t t ool § uns ble for d ment . vi a ted seabed
syst eng %‘ﬁé‘@ é%lieﬁ H’f‘?lgy AfFs 8 naﬁgﬂg\{%@%‘fﬁ{ g’g’o é’é%o Eem
gener al | )faﬁﬁfy‘féﬁ@o&ﬁteteﬁ?ﬁoﬁhéllﬁ%b%e%?ﬂ' eSsukd) ePrdsdukibé @ otsaios @ﬁ@de@rto gewnhol e
probes are depl oyed roboti cal or otherwi se down the borehole froma

seabed plaatdctved and ronght ltlsapﬁatodhe sefiice hicthein nptaral ihaifl prgryes foy VAEGH a

surface platfqrm Co 0 r

pl atformpgvglf;@rrﬁeﬁ‘aure%;ﬁ y Wi re{11 Calin 1{1);{125(1? %%8}13? EFO %e&%?grggn ans
Communi cajthe? Riuldeks)yaestutibel seakeatk mhﬂmlﬁméd ttdn mmlamem wetselsuitaéerfiire
operator station) is by wire and/or cable (e.g. electrical or optical fibre
t el emtq r ydeploymen Vl&FP%‘HF]é’dtPeWede@ ok 98EMS- i nvention to provide nethods
and/ or apparatus which alleviates one or nore of the above descri bed

di sadvant ages associated with detection, nonitoring and sanpling of seabed
gas. 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



Summary of the Invention According to one aspect of the present invention
there is provided a gas nonitoring apparatus associated with a renotely
oper at ed woeabaw3syst em the apparatus including a detectrar/auasihvoia?’adapt ed
so as to enabl e detection and/or neasurenent in real tine the interception
of shallow gas in a bore hole. Preferably the detector includes a collector

for continuously collecting drilling fluidreturns and contacting the
drilling fluid returns with an underwater gas sensor. In one formthe gas
noni toring apparatus is suitable for u®e with a drilling rig for drilling
into a sea bed, the drilling rig including a drill string, the gas

noni toring apparatus including a housing wwth a coll ecting chanber therein
for receiatifg afd codthdi@glthaididlling fuidetwhs with me suddrwhteograsedsod | i ng

operation, the drilling fluid returns including fluid containing solids
fromthe drilling operation and, if present, dissolved gas, the apparatus
further inclugy i | ui d
iy bRk (94 SEHR Y 13 Wilkfa dFillinleirlofof | Ui
returns fromt gﬂ%g) e@t &%ﬁﬁg%Hb%%heséo | ecting chanb%r an I schar ge

condui t deillig iatondf seg tbe«hdhcs dnlhlngtn glheludmglal drﬂkﬁtlﬁlth it gas ml@lstﬂhmggenarﬁws a

stratified. f i ¢h incl udes di ssol v a ni ng
phase an(ﬂn‘il‘f“l1 gg n%aw*ﬂPééog%%‘é‘&?i‘ ﬁ%fst 1r’i‘e%’fat ﬁﬁ@%& ﬁﬁ f“ﬁrésl udi ng
one or MURHRSIE B &i1BSS B5raliGH thd drlllihd Buid réﬁh@si igelug ngld c@ffining
positioned so as to sense, any gas in the predom nantly dissaol ved gas

cont ai ni mgligshiaere therdraling ppdratiap aridg 1frm9€eflu dishaived grs) igappareiys ddcr casi ng

whi ch, in ose hi Suf drill
string i " g‘é‘ﬁﬁ% 8?13%6”% %%%Pv{ﬁ’r &IllﬁChar ﬁé ﬁ'r?er e ﬂlﬁgq engffgﬁﬁglegé%ﬂﬁ%t space
bet ween aRamb&ethe\sailéctiaf chﬁlﬁbéﬂdﬂwd@erchﬁgs coguartitidgd@ndigutdd ssttlliatnﬂ@ t hr ough
which the drilling fluid returns_can_pass. The housin ratfively

nmountéd  dsillingeflyid Eﬁfﬁléﬁhafﬁéﬂhg S@@)tlﬁ%]aﬂo"t’ R inelpdess l?rr«‘g@ramaéft Fhﬁ%" ent er
th | t desn;

extend! ngt ROPaFRREAEs anfliPRELAR hreeiRalo P thd BEuti R IANBARTARE

col | ecti ngeoh ﬁfdﬁb@gasl&emst’bgs asﬂocflhtad evithaherdisclmagd amdwit tihd positioned so as to

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

15 The drilling 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 includes 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.



t he passage. Preferably the tubular casing extends into the passage. The
apparatus may further include seal neans for sealing the collecting chanber
wi t h t he woi2bée/s2076Ng and t he casing. The gas sensor mapcCraahodaos43ensi ng
face within the discharge conduit so as to contact the predom nantly

di ssol ved gas containing phase if present. Preferably the sensing face is
di sposed in an upper region of the discharge conduit but spaced froma top
region so as to inhibit contact with the free gaseous phase if

present. Preferably, the housing is spagéd fromthe sea bed and the

di scharge conduit extends from one side of the collecting chanber and
towards the sea bed. In another formthe apparatus includes a gas

noni t ori ng pr Pbefe@bbettel housing isadphesd foom tiseseaibeth and theididchagecogdifibr dril | i ng
into a sea bed, the drjlling rig.includin drill, string, the gas
nnnitoriﬁﬁwﬁﬁﬁ@@mé§§é P§ﬂ?ﬁ@hﬁ%ﬂﬁﬂ%ﬁmﬁ8%§FﬁﬂwaF%gﬁﬁ?ﬁbggto one end of the
drill string and which includes a gas sensor having a gas sensor full

wi thin the housing. The probe assenbly may further include a soil
penetrating t lpaadtherferre tie appatatve ihdudssraggas Gpaiioring probe iasgeatbbosintable ng
passages .nmay be _provi.ded to all.ow. pore t tp.perneate f.rom.t. hor ehol e
st ratg tégort%g S g‘@bf?%lngffg’b .ﬂl ER%ﬁéﬁa\rAﬁ"égﬁ‘c?r&lﬁ?%’P%H}?ﬁ%@ﬁ ?ﬁaﬂgggls%ges may
be provi @f‘éj%a\éiné’orﬁtoﬁhh&)%be%%ml‘? iRludRey HHSusIEM Afakiddble (Bmepnabe trsEanbl y may
further inclfude internal connecting passages between the dril]lstring and
the gas seimgondivddeh inglugps dgasfsensarihayinge gap senseniilrwithia hafiquRing| ean
seawater. Furthernore, neans for maybe provided for recordi ng and

simul taneously transmtting nmeasured data signals inreal tine to a renote
oper at or st at iThe préseCREahilg niag freherdndides sadbpmetratirfg tihat queeséof thenvent i on
there is provided a nethod for renotely detecting and neasuring the

i nter]@epﬁlpbiﬂng)f shall ow gas in a borehole in association with renotely
operat ed seabed drilling or sanpling equipnent, the nethod

Openings or interconnecting passages may be provided to allow pore water to
permeate from the borehole strata 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
drillstring 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
including the steps of continuously collecting drilling fluid returns from the borehole,

25  segretaing the drilling fluid returns 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



i ncluding the steps of continuously collecting drilling fluid returns from
the borehole, segretaing the drilling fluid returns into a predom nantly
sol i ds- comDavewasgn7aqueous phase, a predom nantly di ssol peu/Agasespont4ai ni ng
aqueous phase, if present, and a free gaseous phase, if present, permtting
t he di ssol ved gas-contai ni ng aqueous phase to flow in contact wwth one or
nor e underwat er gas neasurenent sensors while allow ng the free gaseous
phase to bypass the sensors. According to yet another aspect of the present
invention there is provided a nethodfoﬁ‘renntely detecting and neasuring
the interception of shallow gas in a borehole in association with renotely
operated seabed drilling or sanpling equipnent, the nethod including the

st eps of faaameely deeaingand sensaingthe hdcraggomuiighaltovagasdna bofehaladni | | stri ng,

| owering the probe assenbly into the .ehol e ushing th [obe i.nto soil
at the b8tLEMY Wt‘théeIBB%ghé?eé‘;}e‘quaBW &@EIB%%S%@E}‘% qqu}ﬁlqnﬁéﬁ%gﬁﬁﬁw le strata
to pernmeaf g dify ﬁ@@&g&bf %ﬁrﬁct%@@éas%@ﬁ's%??iob’é%@%l?ﬁa SRsndCsMCENstradg, on and
simul taneously transmtting neasured data signals in real tinme to renotely

oper at ed loeaingdhappar assesibly hdnthe borehale; prabing bp erdedntospial B beHom ofur f ace

vessel_. FEurther preferred for and,al ternatives of vari ects of
the i e tlf’ﬁeqwl%aﬁﬂ‘é(}% RRLP Ve Fomyhe i’ Pf%gfé. Slhy? e pieﬁh%]aﬁ%mfa(li’op %t%‘gg%gct of
the invehd @Rsdrt réeaminy 834 cdacemansn bl delutaicoasy tanahites seabes gas via the
drilling mud returns on a renotely operated seabed system The collecting

chanber ~ #igpalsén reebiimg del rempotelycapgptedzseahadiapparabs. theeccdpia (PEPICiAPGr4T t he t op

of the casi. I %/%n%r sthe return flow of drilling fluid discharges from
t he bore%%?lggoﬁ)'ﬁgﬁlg% eg?ell'ng chanber can be part of a casing guide, used to

position the initial casing pipe relative to the clanp that holds the
drilling rig onto the_ casing. The base of the collectin hanber. may. be
seal e ar ound FerBerRefergd forms 36‘9 aljemaihiss of g Yarions a%?é&‘iS%gﬁ"erlﬂ}%’é]ron ill

simlar gatehidl ve deibop of the collecting chanber may be

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 drilling fluid discharges from the borehole. The
collecting chamber can be patt 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 drill
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



seal ed around the drill pipe by an upper resilient seal of rubber or
simlar material, or a 'floating' type of seal able to accomodate

r ot at i onavoaneb/032076i cal novenent of the drill string. TiReTNIReIS/®ERI | S
readily replaceable in the event of wear occurring through contact with the
rotating drill pipe. The collecting chanber may have a side outlet to which

is attached a downwardly inclined discharge pipe. The upper section of the
di scharge pipe is arranged to house a gas sensor with its sensing face

di sposed into the discharge pipe, but offset circunferentially fromthe top
of the pipe. The gas sensor is electrically wwred to a power supply and
telenmetry interface on the seabed drilling rig. Mdre than one gas sensor
may be prigviisediiertdhrasme diferérn typeaofipaseslof differant rangpesf gifs cgacairaioons.

di fferent ranges of gas concentrations. In operation, drilling fluid or nud
whi ch is punped down the drill pipe picks up cuttings fromthe bottom of

t he borehol e, ] i i of - |04y el the
formati on bei %ngﬁgﬁ,%@%@ﬁ%ﬂ%ﬂ? rd %la%%stﬂu%#ﬁgﬁp ﬁﬁ?fﬁg%ﬁ]{eﬁﬁsé@ flows
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pressure @fioh laﬁhfﬁﬁ@st Bfestilie af A ibbHom WIS driiR ISt tHrbwih the diiding axhlne enters
the coll ecting chanber and passes into the dischar where the fl ow

tends to (Sematiopanndiar passege hesvescthe sothting dréll Pio8 A heSined cRAIRE PIPGNS0 of sand
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di scharg dom ous portioncontaining any

di ssol vedngasas cbil@tigichabét adtpavdet thtd te dabage pimrwheae ehd flow kadupper
section of the discharge pipe. The gas sensor face is thus swept by the
flow B rséetiBhed drilli ng fluid to provide a continuous neasurenent of

di ssol ved gas concentration in the fornmation being penetrated. The

measur enent output signal is transmitted in real tine to a renote operator
station on theCatindsgmetiolessinghe coarser size fractions of sand and grit settle out of

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 It 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
warning 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



It is inportant that any free gas bubbles entrained in the drilling fluid
m xture cannot collect on the gas sensor face and cause the neasurenent
si gnal toveavawmst@s Free gas bubbles rise into a predonPoamu2g9o5gasaous
portion of the flow, uppernost in the discharge pipe, and bypass the gas
sensor face by virtue of its positioning with respect to the stratified
fl ow. Continuous neasurenent in the manner descri bed above can provide
advance warni ng of a possible gas hazard with only a relatively short
delay. This delay, representing the trihsit time of the drilli ng fluid
returning up the drilling annulus, is determ ned by the depth of the
cutting bit and the velocity of the fluid in the annul us. By way

exanpl e, oa@iisidaheter () 34 g a opsgpipe of itsidegliandersidz)es (dni, kt epdq:mh ()E)(Itft si de

depth (L3081 insotha Subertenand yobspaibuihaonreh & B H¥Paat cr 11 ow rat e (F)

15 L/mn. The cross-sectional area (A) of the drilling annulus is gi ven by
the relationship A =0r/4) (dc 2- dp 2) (tt/4) (0.0602 - 0.0542) 5.37 x 10
4 n2 Assuni ng Thp citadeatctonilumed @) oftley drillihg atnoretislgevendyfthe reyatm@n and
there is no net |oss al of water flowi ng into or out of the

sur rodndi ng sét for(rafg“t)l(% sthe drill water vel oci ty (V) inthe drilling
annulus is given b)(:(\,{/ﬁ/(@\ogglal@bQSBbS 37 XI &4 0.465 nm's The transit tine

(T) of drilling fluid in th grllllng annul us is given by
=537x 10

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

\Y4 =TF/A
=0.015/60/5.37 x 10
15 =0.465 m/s

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

In practice, if leakage loss of drilling fluid occurs into the surrpunding 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 4mm/s the

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



T L/V 50/0.465 = 107 seconds In practice, if |eakage loss of drilling fluid
occurs into the surrounding formation in an uncased section of the

bor ehol e,woheowmstaren flow i s reduced and the response tiPOE/ATR005/001347
proportionately | onger. However the return flow retains a dissolved gas
concentration representative of that in the intercepted formation. The
detection [imt of gas concentration will depend on the neasurenent
sensitivity of the gas sensor and the gi lution factor attributable to the
drilling fluid. Fig. 2 illustrates gra ki cal | y the typical sequence of a
gas interception event during drilling. Continuing the above exanple, with
a typical bit penetration rate of 4nms the hole will advance only about
430 mm dQhk hgsittheontemrapaai dssoieasgasangnite crddudated Goirottie THetiomrasip odi cut

concentration_ of _dissq]v as be calculated fromthe dilut.ion ratio of
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when the penetration rate is 4 mis, giving a dilution ratio of 48:1 when
the dril umfy, givinga: dilwienatiéo 05481 5whemthe. dridling fuiddlowretenaheLgvisdx has a

nmeasur nt. sensitivity in the range,300. nnmol./L, to 10 |/l .thus the

| oner de @é‘faﬁ 61?16%11‘5}111‘?15?“%’{ thha REITATLL SPFI Ity AL héeorﬁ%%%%%%# Fos{w48 x 300
nnol /L,  @fnARpHaxithe e e ddRctioilirhi of & diiEsotlicl ht edhoarightitnghes x3e0si ti vity
is obtained if the hole is bored with a noncoring bit and/or a | ower

dri | | i ngnfialileof apesimately hS wrelLor egoi ng exanpl e the dilution ratio is
22:1 if a non-coring bit is used wwth a fluid flowate of 15L/mn, i.e. the
in situ dissolved gas concentration is 22 tinmes the concentrati on neasured
in the drillingidwetidiutien ardisigldrdendievitydsebtatietietthic dold ik boted ofith amei-t u

di ssolloved gas_  concentration_is 22 x 300 npol /L, or, apgr oXi rrat(%lh}{iozlrrrrmI/L.

coring bit and/or a lower drilling fluid flowrate. In the foregoing example the atio
is 22:1 if a non-coring bit is used with a fluid flowrate of 15L/min, i.e. the in situ dissolved
gas concentration is 22 times the concentration measured in the drilling fluid returns and
the lower detection limit of in situ dissolved gas concentration is 22 x 300 nmoV/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

) Integrating the gas measured response curve to calculate the total volume of gas



A nore precise neasurenent of the in situ dissolved gas concentration can
be obtai ned by conducting the drilling process over a defined |length

accor di ngvoaoadms2eseps of : (a) Al l owi ng the nmeasured gaPCTiRerstooats7on to
di ssipate to zero or to stabilize to a 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 tinme (d)
Stopping the drilling while punping fluid to the bit (e) A low ng the
measured gas concentration to dissiparézto zero or to stabilize to the base
value (f) Integrating the gas nmeasured response curve to cal culate the
total volunme of gasreleased in the defined penetration length (g)

Cal cul at i ng t helewet inrthealefimred pereahtiaulengthom t he defined | ength of borehol e
(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 undep) t N RARHGHe IGRNUTCRM AL ork W/ B Whatilofldehole I N
practice, 1f |l eakageloss of drilling fluid to the formati on occurs this

met hod will understate the total dissolved gas. However by neasuring the
exit flowin e. di scharge pipe.with.a suitabl.e ingtrunent. .such as a
doppl %i)méﬁg’rdl% eeaﬁﬁ‘&%dn"é’lwff?f%aﬁz’yﬁ%%‘é‘i}ﬁ%‘a OZFM e iitﬁ]aalf | ui d input
flowate, a correction can be applied. It is also possible that |eakage

flow into the borehole may occur fromthe surrounding formati on. Dependi ng
on whet her t hdheiptabvelemeof dissefsed gas i gisp (as praspated Ry dha dhadeddeht rat i on

wll be ejth Qver - u - est | f y: by
cycling tl}"rllgerstp%gﬁlg%uée%?seér%%gémgaﬁéh g@{y g\%lh %\k‘g%{ﬁg{r% legfgrgdg%ﬂlf?%lﬁlg ol(ralggngpt he
gas sensakilkgsfgdse tHedbrmpationasponrdhis ghethvangidisunderseits geltyabdigadved gas.
concentration. Alternatively, to preclu%g_leakage,ianDM/ roced reﬁ%nay be
adopt # tRevevstbrmepmring;the piglew in theglischarge @meawith A SURbIHBS YRS s

static prgssidppiet Aowhtd!Aa CORGAREFH B PdastR® drilling fluid input flowrate, a

correction can be applied. It is also possible that leakage flow into the borehole may occur
from the surrounding formatidn. 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 to 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 penetrate 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 protective 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.



borehole. hi the further aspect of the invention, the device may be a
downhol e probe assenbly provided to detect and analyse in situ seabed gas
i n an estwbl2oeseo7bor ehol e. The probe assenbly may i ncl ede/aa2stooaar bon
sensor or other type of gas sensor and may be deployed via the drillstring
froma renotely operated seabed systemto any known depth in the borehole.
The probe may al so be adapted to be pushed ahead in suitable ground
conditions and penetrate the soil at the base of a borehole, to nonitor the
pore water dissolved gas concentrationlﬁogether wi th other paraneters such
as tenperature and pressure. Water fromthe borehole can perneate into a
smal | sensor chanber, |ocated behind a protective cap at the end of the

pr obe assenbl yLhe Pshesrstsibly albanhdidesancant o poevefihg Sleaghs weiisor addefon seawat er
drawn fromthe vicinity of the seabed rig, mhenever.aﬁ%gero' reading is

requi r ed SPREN Bl dogERBH fangmithing g o OHE’éEﬁ§1gP%}F IhTSRe A P {Iﬁéeﬁ’ﬁ sensor
and for S9Rbha Wn}f%]g)gzg%;ﬂsl?% ?ﬁ%aﬁﬂgﬁ?]ﬁmnt&rﬂ e sﬁr@e?ce%g's%l?rUQH% Rddowgnal s in

real tinme"to the sea nd ence to a renote operaling station on
t he surf dok mebs akformgiongbbhicthd oatmhbEas diffatien threvghr the sumenrding dtratdeanr at e of

anal v\ s B PR BHPUTTY SPER ob oD G theaiD gaG SIiegr iy BraBeS.

Preferregsgdaodi ments of the invention will hereinafter be described with
reference to the acconpanyi ng drawi ngs. List of Figures Fig. 1 shows a
cross-sectional arrangement of the drilling fluid gas nonitoring aspect of

r0s: ponal ar . , i ot d
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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 drilling 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 in 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



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

enl arged views of the upper and | ower sections of the probe. Fig. 3b is a
det ai | ofwoneoguaedi’¢éof the probe shown in Fig 3a. Fig. 3ecramoakanaisl of
anot her part of the probe shown in fig 3a. Fig. 4 shows a cross-sectional
arrangenment of a gas sensing soil probe. Description of Preferred

Enbodi nents of the Invention Wth reference to Fig. 1, in a first aspect of
the invention a rotating drillstring 1 equipped with a cutting bit 2 is
associated wth a renotely operated sekff1 oor drilli ng rigsituated at the
seafloor 3. Drillstring 1 fornms a borehole as it penetrates a natural
formati on of seabed material 4 which may contain trapped or dissol ved gas.
Drill striingted Nasseaflbdrouphllsaricas forgnspi peelvlews it henetratsta nahtral fohmattear ehol e
and which may be advanced as the horehole deepens. The.drilling rig is
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rot ati ngafitdedririchdigg 4. having sufficient conpliance to accommpdate
possi bl e eccentricity in the rotation of drillstring 1. Collecting chanber
8 is further provided with a | ower seal 10 constructed simlarly of wear

resistant resiJlient, materi.al .in,seal.i i i: i .
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the rotation of drillstring 1. Collecting chamber 8 is further provided with a lower seal 10
constructed similarly of wear resistant resilient material in sealing contact with casing pipe
5. Collecting chamber § is further provided with a discharge aperture 11 positioned

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 is 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



det ect or manuf actured by CAPSUM Technol ogi e GbH. Gas sensor 13 is nounted
such that its sensing face 14 is disposed into discharge pipe 12 and is
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cabl e 15 connects gas sensor 13 to a power supply and telenetry system on

the drilling rig. In operation, pressurised drilling fluid 16 is introduced
at the top of drillstring 1 and fl ows 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 tlt-from the borehol e, includi ng any
rel eased gas, and the nmixture flows upward through annulus 7 to energe in
coll ecting chanber 8 and flow into discharge pipe 12. The area ratio
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14. FI ui§ pressure in collecting chanber 8 is slightly greater than amnbient
wat erlQr éigs grebubbleszginst ¥y @<l bl e dilution of the drilling fluid
returns by inflow of water past seals 9 and 10. The measurenent out put
signal is transmtted inreal tine to a renpte operator station on the
surface vesselFluid pressure in collecting chamber 8 is slightly greater than ambient water

pressure, thus avoiding possible dilution of the drilling fluid returns by inflow of water past
seals 9 and 10. The measurement output signal is 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 inlet 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 a number of output channels, each measuring a

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



At any tinme, the sensors can be 'zeroed' by flushing with cl ean seawater,
drawn froman inlet several netres above the sea floor. As the borehol e
advances wo 2@pi3m76casi ng pi pe 5 may be extended by wi t irdTastizoas/odriql| string
1 and adding pipe lengths increnentally such that the top of each new

| ength of casing pipe 5 aligns within collecting chanber 8. Wth reference
to Fig. 3, in a further aspect of the invention a probe assenbly 2 1 may be
attached to the Iower end of drillstring 1. Probe assenbly 21 includes an
outer tube 22, which connects at the upper end to a drill pipe adapter 23
and is termnated at the |ower end wth a hardened conical tip 24 or
simlar soil penetrating device. The | ower end of outer tube 22 is also
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passage 31 forned between the el ectronics assenbly and tube 22, then
through {IPEIoeBReE g Via W alsy Pagsaecl g4kl pipe @%@%&éawwwsw en sensor

13 and ! U honkBint QUEE0NEDALRL IS And AbedaS 1RRMBhEH thediofe S tANE HPGhdM N
el ectrical connectors of conventional underwater type
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 variant 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:

(&)  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
(c) Flushing clean seawater though sampling chamber 25 -

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



such as Seacon 'All Wet' series and an interconnecting cable assenbly 34.
In a particular variant of the invention, tube 22 nmay contain an additi onal
battery paiokowdisedtéseparately powers gas sensor 13. Wt rCcrafieo@noe4ro Fig.
4, probe assenbly 2 1 may alternatively terminate with soil penetrating
apparatus which includes a porous elenent 35 such as a sintered filter, and
an internal passage 36 interconnecting to chanber 25. The nethod of
operation of probe assenbly 2 1 may include as follows the steps of: (a)
Rempt el y connecting probe 2 1 to the ght-of a drillstring, or other seabed
penetrating apparatus (b) Lowering probe 2 1 a known distance into a
borehole (c) Flushing clean seawater though sanpling chanmber 25 (d) Pushing
probe 2 {g)i nt glloRéngsurt water tioen thethoeshotd statdrorpehnéaé dirowit apenings pooe wat er
fromthe borehole strata to perneate thr ou%h ogeeni ngs @g or porous el enment
35 and passag@omes elgmenntoRnd RpsLReE RO FOFAT &2 FUEPN BER LYy di ng vi a data

| ogger 29 gas concentration, tenperature and pressure data neasured by
sensor 13 and sinultaneously transmtting the data signals via acoustic
transmt (Rr 2Retadmgnénddteloggep2d gisswnsedhtidn,dppperatuns and pressvee data real ti ne

to a renote operator station on the surface vessel.. The reference to any
priorart in fHPREWE B%Fefnisﬁra& %’ﬁ%l@uﬁgief’ugﬁgagﬂ%%f% thgpa%g%ng entas, an

acknow edgnent,. Q8 A¥ndnBfi8R Of toSUGERIY Bperhitdkedbb@bpirhiQs, thérice i0fdabtipart of
t he common general know edge in Australia. Throughout this specification

and the cl ai mto akingdte ppdrhtonstation ews thershefaeorasestt requi res ot herwi se, the
word "conprise", and variations such as "conprises” or "conprising", wll
be understood to inply the inclusion of a stated integer or step or group

of integers orrhsteReEnbito gtpriohertex Hidigicoificafiornis yogtahe shauld e takenst ep or
group of integers or _ _
10 as, an acknowledgment or any form of suggestion that that prior art forms part of the

common general knowledge in Australia.

Throughout this specification and the claims which follow, unless the context
requires otherwise, the word "comprise", and variations such as "comprises" or
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 constructions and arrangements of parts

without departing from the spirit or ambit of the invention.



steps. Finally, it is to be understood that various alterations,
nodi fi cati ons and/or additions may be incorporated into the various

const r uctwornsocaseo7ar r angenent s of parts w thout departi RgTiA2OSG0E343pi rit
or anbit of the invention.CLAIMS 1. Gas nonitoring apparatus associ ated
with a renotely operated seabed system the apparatus including a detector
which is adapted so as to enabl e detection and/or neasurenent in real tine
the interception of shallow gas in a bore hole. 2. Apparatus according to
claim1, wherein the detector includesl®& collector for conti nuously
collecting drilling fluid returns and contacting the drilling fluid returns
Wi th an underwater gas sensor. 3. Apparatus according to claiml or claim?2
whi ch i scsumvepl e for use with a drilling rig for drilling into a sea bed,
the drilling rig including a drill string, the apparatus including a

housi ng, the collector including a collecting chanber therein for receiving

drillingqflui : ' : ] Intdid k tdhandrilling
fluid retur nséa%@fo&?}?ﬁ%pﬁ?ﬁéﬁsg%ﬁéé?t% ng ?olﬁfngksélﬂfl ?%&atgﬁg@%r?ﬁsl ng operation
and, if ppesens inctidiepd detebigashich radapiedsansi dnablehisteciione budlong a di schar ge

conduit for discharging the drilling fluid returns fromthe collecting
chanber , MEABTEYFRR ‘?%g}n@ﬁg C%‘ﬁgéﬁfé%gp"g%asé%ﬁiﬁfethog%i ng configured so
that the drilling fluid is discharged in a stratified flow which includes a

predom nantly di ssol ved gas containing phase and if present a free gaseous
phase t hd. appdweratusfageartimg to aleiadi whersingths dsiepiopinchisleda callastprPx h t he

O O SRR bR M E BBty

claim3 %gﬁ@rwa{e@gaggejngdri_ ng rig further includes a tubul ar casing which,

in use, is disposed within a bore hole in the sea bed and the drill string

is ad@pted to pass therethrough there being generally annul ar space between

an inner 3y\/al | A(%)fparatus 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



t he tubular casing and the drill string through which the drilling fluid
returns can pass, said housing being operatively nounted to the tubul ar
casi ng sowOhats/w3b@edrilling fluid returns can enter thePcolARot00gB4chanber .
5. Apparatus according to claim3 or 4 wherein the housing includes a
passage extendi ng therethrough, through which the drill string can pass,
said collecting chanberbeing in fluid communi cation with the passage. 6.
Apparatus according to claim4 or 5 mhfieln the casing extends into the
passage. 7. Apparatus according to any one of clains 3 to 6 further
i ncludi ng seal nmeans for sealing the collecting chanber with the dril
string and the casing. 8. Apparatus according to any one of clains 3 to 7
wher ei n béahg igAsidvensmmicatioh wdthsthapssagd. ng face within the di scharge
conduit so as to contact the predom nantly di ssolved gas contai ning phase
if present. 9. Apparatus according to claim8 wherein the sensing face is
di sposedgi N an YPRRIs AcEFURNE tOtlalh g o@lssﬂwlﬁ%&waﬂ@éxt&ub 6 aegrhsdagem a t op
reglon SO as tg inhibit contact with free gaseous phase if present. 10.
paratus according to any one of cIalns 3 to 9 wherein said housing is

space omt e se ed a di schar. o si de of
t he cgl | ectin ea]cccgﬁalgﬁ%m gy ?’ﬂgalglggbggsd fd’itker lﬁplﬁ&ﬂgtsé%%gégggfoél ng to
claim1 lsémlhg@hmmcmagsmawemﬁhm @ilokeingan@ el gasiapi t abl e for use with a

drilling rig for drilling into a sea bed, the drilling rig including a
drill string, the gas nonitoring probe assenbly i ncluding a housing

attachable to graﬁ{ldacgérdhlétecﬂ gﬁﬂr H;I @f{} 1406 RS \gﬂéri% shi¥Gdad g&%oﬁn@ﬁrﬁéEnsor

havi ng a“gas s sor face w ousl ng aratus according to
cl ai m 11 sérstrighface withinutle dgclargoddndpie sehs ﬁ)tdolngact the pa¢donrirarghydlissblviet @as
housi ng. 13. Apparatus according to claim1l or 12 said probe assenbly
i ncl Udh ngowpi@ieRpeseH present. .

9. Apparatus according to claim 8 wherein the sensing face is disposed in an upper
region of the discharge conduit but spaced from a top region so as to inhibit contact with

the free gaseous phase if present.

15
10.  Apparatus according to any one of claims 3 to 9 wherein said housing is spaced
from the seabed and said discharge conduit extends from one side of the collecting
chamber and towards the seabed.

20 11.  Apparatus according to claim 1 including a gas monitoring probe assembly suitable

for use with a drilling rig for drilling into a sea bed, the drilling rig including a drill string,
the gas monitoring probe assembly including a housing attachable to one end of the drill

string and which includes a gas sensor having a gas sensor face within the housing.

25 12.  Apparatus according to claim 11 further including a soil penetrating tip at one end

of the housing.

13.  Apparatus according to claim 11 or 12 said probe assembly including openings or
interconnecting passages to allow pore water to permeate from the borehole strata to the

30 gas sensor face.



i nt erconnecting passages to allow pore water to perneate fromthe borehole
strata to the gas sensor face.14. Apparatus according to claim 13 wherein
t he openiwgQ@o@vo320Ther connecti ng passages are provi ded viraTat2pdstoer34el enent
of porous material. 15. Apparatus according to any one of clains 1 1 to 14
i ncludi ng internal connecting passages between the drillstring and the gas
sensor face to allow flushing of the sensor face with clean water. 16. A
probe according to any one of clains 11 to 15 including neans for recording
and sinmultaneously transmtting measurdd dat a signals inreal tinme to a
renote operator station. 17. A nmethod for renotely detecting and neasuring
the interception of shallow gas in a borehole in association with renotely
operat ed seabed drilling or sanpling equipnent, the nethod including the

steps of continuously collectin illing fluid returns fromth hol e,

segr egat ihg t ABPHRLS )F(?Cr?édlflgﬁ‘? Ei]ag’ég 51 Wﬁgre}rﬂ}h& Ogeﬁpgﬂ?ﬁwl?l%é S0l HassgEe

sol i ds- cQ{%;D%@hézgviggqﬁ@ygleglté%@ﬁpdgmgrﬁg%gmant |y dissol ved gas-containing
phase, d a

aqueous I present, an free gaseous phase, if present, permtting
t he di ssol ved gas-contai ni ng aqueous phase to flow in contact with one or

nore yndepwater gas neasurenent sen S Lle.ak - Q- f eous
phase Lgt o?%y pag“g’p?‘ﬁtéls §8‘f9§‘§’}"§ 1o 3y oIR Ciar]i%\é\q?‘ & 1?@%@{3@1@3&35 '%) ﬁlﬁegc gg% d

measur i ngadshies %B&%ﬁ%drﬂ[‘mﬁl{% gliahé g @asorificedo htlowthiskingf #rsonioatacen Wi t h
renotely operated seabed drilling or sanpling equipnent, the nethod

i ncl udi nyithieécag sy 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 bottom of the borehole; allow ng pore water fromthe

bor ehol e 161 r azgyrbbe RROMRAE B dny @OREakimwl 1 to B pakidigmenns forsecrrdinggndas
concentration and sinultaneously (iir ansm tti n? geasLtJr ed da,[t a Si l%nal ﬁ in real
time o siatdlaarqpsjersnaing sigsye faia pigpals In foabiag 19 A THNQLE PRFTANL BRFR o

station on a surface vessel.

17. 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 including the steps of continuously collecting drilling fluid returns from the

15 borehole, segregating the drilling fluid returns 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.

20
18. 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 including the steps of connecting a gas sensor probe assembly to an end of a
drillstring, lowering the probe assembly into the borehole, pushing the probe into soil at

25  the bottom of the borehole; allowing pore water from the borehole strata to permeate in
contact with a gas sensor; recording gas concentration and simultaneously transmitting
measured data signals in real time to remotely operated seabed apparatus, thence to a

remote operator station on a surface vessel.



