- THOD FOR PREDI CTI NG HYDROCARBON POTENTI AL 'OF AN EARTH FORMATI ON

UN YI NG A BODY OF WATER This invention relates to a nmethod for providing
f of® /sot opi ¢ cheni cal anal ysi s of carbonaceous fluids fro ' ‘@éhrbon

po or other source of organic matter associated with anearth formation

underlylng body of water andﬂls concer ned mnthNErOV|d|ng for on- site .
capt ure of @E g FPR<PRERI €I NG BYPROCARBON; PORENTIALGBENi ¢ and/ or i
t helmpgeni cAR cEQRMATION UNDERLYING A BEPX - OF: WATER) | e narine

expl oration sysTnﬁs aneepteennréyaaésltabheméehoaombrnpﬁuehﬁlﬁgnpllng wat er

seeps SO as; f n f_C nace as net hane,
nong have t égcgggtgﬁf? 8£$B£§§§I§Sﬁgygl%589 °85ﬁ8§§ 53% Fi agneter t hat
i's u 'quelyfucmghobrdcogarbeeppgpigpn oaherhsquecalbémpnganﬁe user/ oper at or

to dlstlnQQhaetéPeaQsaefatealhitﬁeahvear%a b%méieshaua agiﬁlﬁ§890'ated
wth a thergggenlg source. The,reason for IS IS t |nterpretat|ve

tests were Vight water, an 1§uFPPEF€HFdfW&ﬁpap€8¥%¢FB§uF?rs?Hndp0|nt
Al so, the |ebtéhyaptdrecopl suel faniide wherbbystiafichbioh¥edfi bhedar! ecti ng,

were thougrp eeeREtodndfor EhERhoBBRYR, 8rikh Bl PR RockPReELF oot on 25
and qnglytlﬁgregysteﬁs I n accordance with the present invention, a quick,

conveni ent and hhgbéymafﬁﬂéaéﬁpnseaehaues§g&ehaeaésqaféséhemyof suf fi ci ent
amount s of one aceous COﬂStligentS di ssolved i n seegomater S

30°"™" by ovi G0 TR < Fof o ORP LBHOUSE Y, RATEAL B8 WREBE o PEBENEPaBE ROl 1 the

collqcted samplpge3for presence of carbonaceous fluids such as
methane, none have the capability of providing a
combositional parameter that is uniquely diagnostic
0of seep origin, and hence allowing the user/operator to
distinguish the biogenically derived sample from a sample
associated with a thermogenic source. The reason for
this is that other interpretative tests were thought
20 to be sufficient from a cost/result standpoint.
Also, the lengthy and complexed nature of the steps
involved in collecting, isolating and tagging sufficient
amounts of the samples for such analysis were thought to
be beyond the capability of present on-site collection
25 and analytical systems.

In accordance with the present invention, a quick,
convenient and highly accurate technique for the
acquisition of sufficient amounts of one or more
carbonaceous constituents dissolved in seep water is

30 provided. Thus indications of the carbon isotopic
character in the collected samples
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-2- 1' and their biogenically- and/ or thernogenical |l y-derived origin can

be easily and sur pr| singly accurately determned. According to the @
irvention, ‘there i% provided a method of on- site collection and "

exam nati.on of 5 small concentrations of a carbonaceous gas dissolved:in-
‘a body of water under whic¢h tthere is an earh formation so as to predict

hydt ocarbon pgt entgzad ﬁﬁeiﬁ%ﬁa%éﬂéﬂrsmIﬁuwudedﬁmaﬂ@hm@dweaﬁw er,
sai 0~formati on bei n% a, sourc sai d ‘car onaceous Llﬁ g{? d
conpri si ng: 10 £31 ycan ’db‘g r&fa:]a‘t |%Ch°"broahr1% §Ie§'mme

sanpling said water at a&&edrmt@l td ovxth@tm‘aenltmna st eics dept h; (i) .
cont i nuousl y Vacugcf?oss ARAL At Q&éﬁﬁi&’ tc?x{- dﬁcar‘lb ST &k i GaRs e&%ﬁ%%m%% of

(iii) quantitativ separating a ect e on- aceous gas from
interfering gds srﬁé‘tﬁ]éls QWQW%M&@%@ BRTRNAIGOVF Fas, HSsPLved in 2

at lrmst)hgre as a (l;rt%a}t ﬁﬂ Q¥ et Q.tncfétdlvﬂb}[/ah m@ﬂlisatan/?e%mﬂxlﬂ:rm:moﬁasd .

sel ected gas an en c rap i ng an oxi i on pr

thereof in the: pr&erkt RfEe é%"?‘g%ﬁ"f %#IIF Qrential &Ioa'lkbee ea%t?x Lci&ﬂnzftté‘on

i sot opi ¢ exani nat |1m“derf&3mlrgi|s‘ngr.d Ccodypreefl evateer £ rexoic rirmatficoh & eimee at somrce

there is provided g rga% d?agzt ,pég I %i@%ﬁ%@%cﬁﬁméﬁé .on of . :
nmet hane

smal I concentrati ons |ssol‘?/ed in sea water so as to predict
hydr ocar bon pdt@ent i al of(lah e 17 FIIIQTER | SRP SRARM QtiQPafi 1P FAAAUONS 151

said methane, sai sdESINGE GHNY iviiddr (40 a 81 TRRYIAE Gldeat i2ons:
SSQLL%“SEZLXa??ngS%%p' 'fc%} MR sen water into liquid an§°-3ta's”‘5ﬁ2§'ei

(ii1) continuously nonit@ing mﬂrgmﬂmmmurseaepmnﬁ e vyt efrorinto
the pr esence of hqu_rqqfﬂ hons: g£§5 phases ;

15 (iii) quantitati _elyﬂseparating'a selected carvon-
aceous gas from 1nter1ering_gas species in the‘presence oi.
an air carrier ventec'te atmoepherélat & knowr Ilow roTe:
and | - ' ' - |

| (iv) quantitatively oxidizing said selected gas anc
. 20 then cryogenically trapping an oxidation oroduct- thereof in the
presence of said air carrier so as to provide for accufate
isotopic examination. '
According to a preferred embodlment of the invention,
" there is prov1ded ‘a method of on-site collectlon and _
25 examination of small concentrations of methane dissolved in
sea water so as to predict hydrocarbon potential of an _
earth formation associated with generation of said methane,
said method comprising | ’
o (i) at known geog:aphic locations continuously
30 sampling said sea water at depth; _ '
' (ii) continuously vacuum separating said collected
sea water into quuid and gae'phaseS° |
(iii) contlnuously monitoring said gas phase of said

separated water for the presence of hydroca.rbons,



J - »

1/ (iv) if hyrocarbons are present, quantitatively separating out
2 { nterfering gas species to the detection of nethane and its oxidation

- preduct, - carbon di oxi de; 5 - (v) quantitatively oxidizing-said >

..rethane to carbon dioxide and then,cryogenically trapping the resulting

* carbon dioxide in the presence of“@n air mxture:flowing at a rate of. about

20 t» 120 n1|I(hvﬂresfpbydnvnaFQQnanarQOpresent (ymjntisatbpelnl |y *4;

exam ni ngg n S b f | oxi de, so as

deternine'%Pgrgeigg oflt %g? ?ﬁg?ﬁggéﬁ? gaé éﬁgg?eggfgoﬂgfhane The present-

inventiondﬁFSGtggg PSrm?ﬁBaﬁéqBF§|?F§n°§idﬁ AR yPERAUF R cC¥ER rel ated to

. the isotopiexife; chem stry - and the biogenic and/or theranenlc origin of

t | | t t 100 t
10008 cf of 1 {ekier RREPELGRCIRE ECARIALE "eLarhG BOFRTARCFY col | bciod af

-dept h. .Di ssvbosddéexibdracadushehucuyoganliodlhy treppihg20he gases and oils
Are.o01 | cebateahR SHEbLE! BibxaEBUERSLL! bEELBACYAGH A SpRpr AL 00 and

sel ective capture_of natural gases utl an air _carrier mxture. The
sequence BixsuEgsilAwingest. aTHétﬁlefdﬁbaﬂé ?Pr§? 120 arht bHLIFEAT t he wat er
col | ect edpat fe¢AtBe;thgA the 25 nethane present is quantitatively

converted to c n dioxide in.the presence, 30 35 4- of. a contlnuous
air Eﬁrrler_vengg tbSPHBPéFﬁgéghgf ining the carbon dlstrlbUtl

‘0of said trapped carbon dioxlde ' so as to determlne
biological and/or thermogenlc orlgln of said methane.

The present invention provides for the acquisition
of highly accurate data related to the 1sotop1c
15. chemistry - and the blogenlc and/or thermogenlc origin -
| of extremely small_concentratlons of carbonaceoue gases
and oils; say 100 to 1000 microliter per litre of the
sea water, being constantly collected at depth.
' Dissolved carbonaceous fluids including natural
. 20 gases'and oils are collectable in sufficient amounts
' utilizing vacuum separation and selectlve capture of

natural gases utilizing an air carrier mixture. The
sequence of steps includes: The flulds_are_flrst |
separated from the water collected at depth; then the
25 methane present is quantitatively converted to carbon -
- diox1de in the presence
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the collected sanple. Further, since the normalized variation of 13Cto
Cx(i.e., the delta 5 C neasurenent) requires |ess amounts of nethane o
be col |l ected, such anal ytlcal method is preferred. The delta 13C |

measur enent i s defined in’Petrol eum For netidmr and Occurrence, .B. P.

-[rl S}S\fi D. :‘| Wé'df aséﬂntmio%s/ﬁiiﬁgcaﬂ{%rj f%&?&i £ the Sﬁtﬁspﬁ%%% 1?

er sanpl e - r st an n
nore detail , %§ iiﬁ% %tiiﬁiéiiﬁéﬁsﬁﬁéeﬂﬁQﬁ?R&?cFQEQﬁﬁiﬁtQFdEBIe

at depth by a drtme Gidr Ny C ranfn the eco e ciged esampl e § heFuwtissr pesingee
punped at a sub t §i|¥ t ragel3d rom about o
to 7 litres/m n?ﬁg ﬂ af%/)é;%uﬂ#%#{r?%‘e g%boa(?d&f hmkgeg{ a@? %etl%vat er

is brgken ino dblmssmnta) steqiniresicless (arowsts rehasetiamertaryd and
the carbon- aceoys) EcESS SO dd B fioal | M%;@dl ﬁg tItThéJentS

are carried via an airygtreamto a confi nuous rocarbon flane,

noni tor where, ifelta flgrﬂeﬁ'ﬁiﬁ@@ﬁn?e’%ﬁ)dﬁ%@ﬁ p&lggm

anal ytical equi paRDiQcSuPFENEd] BND, PTEYE0E; I, B, Wélte PEprimdes can be

energi zed ‘so as TT"_'W ve ases,to be B3aly
chr omat ogr aphi ca{%ﬁ Vﬁ‘t 14 %ﬁ%h gp his por éggﬁﬁe val ve can be
¢ .

activated tboal £ ﬂ:)) gtandaxrd o and t hr ough an

i-sot opi c trapplng nf%ﬁﬁ e ction in mcroli unts occurs.
Wthin the isotopic" ne évo i\s] éufslsé&lﬂsi“?mde of the fl ow%g a@?mst ream (fl ow
rate being preferably Iyomrendetail | i 3es swater peridrsiutcol kectedngta of

20-120 mITilitess @PéctioLhfdr a@ﬁ@scéﬁlé “t§€ egbptRBy 4 NaPGHé i Fail iRy
station-to- station: Methane |s I sol atedé renoving all 1nterfering
n @

speci es), and fiFEPM A SLATEPLRE 1¥L858ho FAHRT (DELnE BYmPed | 2% %y- ai ded
-oxi dation reati mubmtiabmmmtameﬁlowrmdm Na arah @& aPPs t 416GWt 'Y

Chamber Nfét £8%7 ol erdl bRt 6 W' 08 £"PLBEIN U BadiFBE b 5EFa SPhe APS T
vessel where. the water is bquen into droplets under
a slight vacuum (27-28 inches of mercury.) and -the carbon-
aceous gaseous constituents, liberated. Thesedconstit-
uents are carried via an air stream to a continuous
20 hydrocarbon flame monitor where, if the flame monitor
response is positive, more complexed analytical equipment
is brought into play, e.g., a multi-port valve can be
energized so as to allow the dissolved gases to be '
analyzed chromatographically. Or still another of the |
25 ports of the valve'can be activated'to allow the same o
constituents to flow into and through an isotopic trapping |
- network where collection in microliter amounts occurs.
Within the isotopic network use is made of the flowing .
"alr stream (flow rate being preferably about 30 milliliters
30 per minute in a range of 20-120 milliliters per minute)
Gases of interest pass, in seriate, from station-to-
station: Methane is isolated (by removing all interfering
species), and finally converted to carbon dioxide (in a
catalytically-aided oxidation reation) and cryogenically
35'_]trapped in a U-shaped trapping chamber. Next the ends of
" the trapping chamber are heated and collapsed sealing
them from the atmosphere.

‘ v . A . . . .
Basis of |later analysis is the isotopic conposition of the C or C of 9




pactroneter, the chanber is re-opened so that isotopic analysis-can

“ThRem.from t he at nosphere. -4A- After being trarrspor‘t ed to a nass
ur. Using the latter results (along with geographl Cc address, data) allowss -

e accur ate biogenically- and thernogenically- 5. assocrated predictions -
i to be nmade, based on the deIta"’C%I‘ues of each coll®ected sanple as a

““function of h&%@&d %inEOltr& zerem&dﬁrasmrse Rpedtridietidiv,eriieon and to”

?‘rgg\év hggatwg;rg ef ge%grrrgql%nos ei%g refe%.;sce 10 vvrII.FIngW?e\J

i |1 ust Uaiag ther datterofresul ty dadong mivk igeograpHic mﬂﬁmss/essel

e 15388810803 o 4ol alRhSh BoReld ISR bihd FBHcHbd Rl P | oot
FI & ZaJssoaiad:Iedrrmmetdisﬂd@msnt@f beeo Imaglet,i drasedd qmeﬁl'gﬂ rdﬁiltaoper ations E
att endad ecglt 'c‘?ﬁl@cct‘% %ramrgalaess ab MM of FIG 1, and

FI GS. 3- are ta| aw ngs of an rsotopic capture net wor k of the
associ dosatdensite coI | ection and anal ytical operations of FIG 2. :

Referring 1oggdqa %&wp%d@stamaj N hel i iveiftiidh [a1d Jtdel ow a

vessel 11 floating at the surface. 1 e bo of wat 13. Wthin the
dr one B&ow oy Same Aok -carm tilﬂl,}"l fdiy Lﬁ,eﬁesreencﬁ the punp is

t 40dr awivaAl Glovs Ve npie i Myeway off e:tmplra;netol&m(tq;mmpadﬂmgrpcabl e (via
el eCtr%raﬁcHgasmi' cw%eil%he 14) to a di agnostlc system 15 aboard the
- Fig. 1 illustrates operation of the present '
invention,_ utilizing a v.essel positio_n_ed_ on a body of
water overlying an earth formation that collects and |

15 analyzes, continuously, _samples of water at depth




vessel 11.-1n addition to punping equi pnent, the drone 10 15 is fitted (E%EL
wi t'h various oceanagraphi c devices, including a depth sensor; a.current -
nonitor is-also provided that includes a bottomoriented sonar device in
conblnapion with an el ectromagnetic sensor for nmeasuring the speed and
direction .of the ocean.currents relative to the bottom 20 Signals from

t hese devices pass' via conductors in the side walls of the cable 14 so as

t o\provi de annot ati on (both visual and on TaPe¥, associated with geographic. -
position (of the drone and/or the vessel), depth of the drone, etc., as

shown. In that way, accurates:lg;;aog!?o phic. 25 addresses for tg i Ies as - a
function of dlone and/or veddds | (ﬂil%ﬂﬁchﬂﬂ%Ekﬁr H29BRBGRES P 1§§§ﬂ9ﬁ:ﬁ§d

al so provides. fora%aa.%ldi%alobmélaaltt@ﬁdént aeﬂ-smeéuéen\é@euggﬂ of
separ ati on system and a _gas se ana t ey to
di agnosti c resul t ¥358En§ ﬁmﬁiﬁﬁ' 'ﬁi %%%fn%f gﬂ& hif ﬁ?grocarbon gases
are present and what types (REGSm)3-5 éteradtathedoarawahgseofsyatdmnﬂﬁpnc1
conbi nati on h hr 0 e Is V.
-isotopiC‘capt e %@%&%F ﬁ%pqﬁgnggn?R%s$$§?é£§€%§r§§T§%38fé%?%g%%%ﬁﬁ:éﬁa
system 15 5 i nanalyitivale apErdtions ehoRBG. vacuum separati on system 16
I ncludes an air-tight chanber 21 for separating the water into |liquid and

‘gas phases. Entry and-egress fromthe chanber 21 via a series of inlets
and outlets 21A-21C. Inlet 21A 10 = receives the water sanples via cable

v honst he elsg e MEOKIC Sohctis ucpSuttonet at & st 4y
m nute, usual ]9| O\)ge(rag(weoawgrre%seelo 11 glol\a/atfrrxgcgg tgeagurfgce 12 ofI the ody |
o of water 13. Within the drone 10, is a pump (not shown)..
10 The purpose of the pump is to draw water samplgs??igggrior
of the drone 10 and pump them upcable (via electro-
‘hydraulic cable 14) to a. diagnostic system 15 aboard the
vessel 1l.
In addition to. pumping equipment,'the drone 10
15 is fitted with various oceanagraphic devices, including a
depth sensor; a.current monitor is also provided that
~ includes a bottom-oriented sonar device in combination
- with an electromagnetic sensor for measuring the speed and
direction of the ocean currents relative to the bottom.
20 31gnals from these dev;ces pass via conductors in the side
walls of the cable 14 so as to prov1de annotation (both
_visual and on tape), associated with geographic - p051tion
(of the drone and/or the vessel), depth of the drone,
etc.,'as'shown. In that way, accurate geographic
25 addresses for the samples as a function of drone and/or -
vessel location, is assured. o
' Diagnostic system 15 also provides for a series
:of geochemical tests, and includes vacuum separation
- system 16 and a gas phase analysis network 17. Key to
30 diagnostic results us1ng network 17: determination that
t hydrocarbon gases are present and what types (using
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ually about 3.7 liters per minute. The separated liquid 15 phase is
scharged fromthe chanber via outlet 21B and punp 25.
ase exits the chanber via outlet 21C through vacuum punp*26 and -t hen
- passes through outlet 27 for eventual -

The separated gas

testing by isotopic capture system

Al so of i nportance |qT1:he oper ati on of "di-agnostic system 15

o Sanp) 688 Afedinl Aep 48 0Tl BL4Y A AL ERRARYG, QAU cos

all sanpl

revi ou

27 |ncIude%ohﬂpb?n¢§E¢WmﬁcmP¥¥9ﬁ# es in a continuously operating

flame ionizatigpgang! ﬂﬁisﬂﬁateﬁ%@éﬂﬁ‘ﬂaxﬁrdﬂ ?&.acgndsﬁd@ysct@nﬁ 1%/
ates at nult|b£f{t val ve 30, One port 31.of the valve 30 i's open to the

at nodphert?. 3

ARk R efetRtt- 32 i s di sconnect ably connected to gas

chr omat agraph 49 showin, w\tmmmmemrmomrmmbmglagammdnmmgrans

anot her . p V, dto isot
capture sél?é% %é '{"ﬂ%ﬂ%%r%sen %5 |on aYite tgﬂ )Gva?"o%rlleﬁtt%

t he gas chxmognepeaq@eeseeed Ernt:eswld cggnesm faramh rd@rcdwrtkm‘ of the
present igyepisoq séri@slaéf id1eés | $na 118 DPes BWABEIT a1 ek Aar0vi des

chr omat og
05 319on

effectively oper-

=t hyz et wstmmhtimmdﬁﬁmmmd el ectrical .

es of\_/
Mani fold
hydr ogen
termn-

Yet

opi ¢~
Si nce

escri p-

rans of rocar bon conponents in the hasi s of d

?%C%}%%%d¥3ﬁ W%&ﬁfﬂﬁ%ﬂéﬁéﬁy%*% %%R&%Hﬁ%ﬁ?qg ﬁqégj i nventi on.
FIG 3 ilhasifalé@s2ow Rasozyle sS4 Opreakshpiater sMsﬁcereripm be tr ansported
aboard a wpssebnit é@eﬁ'%ﬁ@ﬁ%ﬁ“tﬁésfﬂ%efaf’é &P%ﬁé’\?&?&r e and

any type of environmen

functionsbe as high as 7 liters per minute, usual flow rate is

15

usually about 3. 7 liters. per’ minute. The separated liquid

phbase is d1scharged.$rom the chamber via outlet 21B and

pump 25. The separated gas phase exits the chamber via

-outlet 21C through vacuum 'plimp 26 and then passes. through

20

'outlet 27 for eventual testing by isotopic capture system

20. P _
Also of importance in the operation of diagnostic

. system 15 is the stdrage and display of all annotation -

data via the electrlcal networkjdlsplay 34 to allow.
for determ1nat10n of geographlc addresses of all samples

'taken by the drone, as previously. explalned

Manifold 27 includes an arm 28 which termlnates in -
a cont1nuously operat1ng hydrogen flame 1onlzat1on '
analyzer 18 Remaining arm 29 of the manlfold 27 termin-

ates at multl-port valve 30.

30

One port 31 of the valve 30 is open to the atmosphere.

Another port 32 is dlsconnectahly connected to gas
chromatagraph 19 which, when operatlng, prov1d1ng gas
chromatograms. Yet another port 33 of the valve 30 is

_dlsconnectably connected to isotoplc capture system 20

. 35
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vessel. ofterr in a hostile environment, constructional aspect's-related to.
partability,: rellabrl|ty and ruggedness are of some-inportance. 15

As shown;- the capture systen120 i ncl-udes a series of trapping and stripping
station$ 35-40 nmounted to'upright front panel 50 of carry-on capture box

51.% The box -51-includes side, top and back panels 52, which forman -
enchogure interior thereof, wherein equi pment associa- 20 ted with
operations can be stowed either tenporarily=ap during transport (or
permanently as required). Carry handle 53 facilitates hand-transport of -
the box 51 to and fromthe vessel.. Note also that the front panel 50. _
i ntersects botQdom panel 58 n&dmae theogas | cheoratogmaphks5ldoasyused nheasso-_

operator use bottowiBdieh WA tdS oiaéﬂépfo&sorof%wrwésaﬁéOghe&ﬁfélw 'iﬁ usual,
stations 35-40, but also he can ace -a separate -cover
¢S cﬂhRQR?QRﬁdqmﬁ of

line) in att achnenthditt Hst'hél'ﬁ?drﬂﬁ% Hixr omaLogrARk ek t PEAEH

required. In that wedrocdat®oiWdkipste P Pin StheOvatds taﬁ?ﬁaaagoas éiséQz -
can be protecnﬁp a |nst brﬁaka e durJn trans at _the _cover

has extendi ng S|de ﬁ& d&p s%hiiY%h§a§Y%ﬁeMA?ﬂ Pés et 35
-8- 01 to the shapeepemtldm&édﬁidnike tOp and bottom panels. Result: - -

el easeanl y att ach the cover TRt R ted Bon "H0LIT ugtﬁgtgélgn&agéure
05 ' FI Gsystiem 26 rcane deopnranspor béd sabogasd 38- v@sséls)it ém 24 ther
more detail. Assumagt Q%s%l@tdoroéﬁﬁ}ﬂso&x@fed] §§9{:¥ egngaﬁgseE?eS@'i.%relgrh%per-

sytem20 Vi a va&ve O to station I N-opera
ated in any type of env1ronment. And 51nce all functlons

associated with the 1sotop1c capture systenm 20 occur
aboard a sea-going vessel often in a hostile environment,

fccnstruct1onal aspects related to portab111ty, relzab1l1ty
and ruggedness ‘are of some 1mportance. _

15 As shown, the capture system 20 1nc1udes a
series of trapplng and stripp:ng stations 35-40 mounted to
uprlght front panel 50 of carry=-on capture box 51. The
box 51 includes side, top and back panels 52, which form
an enclosure interlor ‘thereof, whereln equlpment associa-
ted with operat1ons can be'stowed either temporarily as
-during transport (or permanently as requlred). Carry
“handle 53 facilitates hand-transpcrt of the box 51 to and
from the vessel. Note'alsc.that-the front panel 50
‘intersects bottom panel 58 .near its center. Hence, not
only can the'operator use”bottom panel 55 as a floor for
equlpment assoc1ated with stations 35- 40, but also he can
place a separate cover 54 (shown in phantom line) in |
attachment with the panels 52, 58 as when transport of

: : the box is required. In that way, ‘the equipment compris-

. o 303 ing the statlons 35-40 can be protected agalnst breakage |

| | during transport. .the that the cover 54 has extending

' gide and top panels 55 0fjreverse orientation with respect

‘ ’ . . . _ . E . .
associated wth the isotopic capture system 20 occur aboard a sea-going . <Z%%;

20
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0 _ The key to |sotop|c oper ati on of systen120 lies. in
jhantitative oxidation of the dissolved gases as within oxidation- statlon
and subsequent collection at station 40. These operations occur after
usoi dal travel of the dissolved gases via the internediate stations.
88-38 as set 15 forth below. The usual flow rate of.the dissolved gases
W thin system 20 is about 30 mcroliters per mnute . The anount of
col'lection at station 40 is dependegt..on the methane concentration in tHe—J
sanpl e sea water, the flowrate of the air carrier system and the
separation effi- 20 ciency of the vacuum separation system aboard the

vessEl . o tdHe NeKAp @?éhﬂaedceneeaslet,leapl %n@%dﬂtﬁnﬂ'pa@éﬁsper liter of
wat er, and tug%extractlon rate. Ih‘é'. lltﬁ aB_fer m nute at '
depth, tR&$ TnrR&%SPQW??tﬁglﬁegﬂgﬁeFG188II G iR%®rs of the gas
of int erwligrteffmttstmuntﬂm tosvelegseablyciattadt file ea:weh mt53 he o
vacuum syst.em of 759 e_Vi 1C t as'seeps t he
concentréﬁ rt'ﬁ %‘E%aﬁ% E%% Bﬁgﬂlg gé;ﬁ 33”%‘1%8 ‘mcro- liters per liter
cof wRder (STP) part!‘]:@l a4| ¥llustrepesabperaddon of stages EB35-e40yofith
referenclg 4intﬂgr¥5?e@ai jcarrier and t he di ssol ved gases from the
a

vacuum separat| on center ers sfation 35 at inlet 6I. At the station 35,
-~ the gases perculateﬁﬂ%MMQatUEyOPﬁréﬂgﬁ has sdliawedfdignakvrdtgaserial s 62
~Supporte d gtﬁets‘gEeﬁ320351a val veMoe ! st £121 o Y e HOpdg VAL er

vapor an ar on di oxi de Next, the carbon nonoxi de Ich also -

occurs||93§§4§&9%§ﬁbundance in water, is renoved at station 36 by :
oxi dh@i on to car bonpgé oxegetot Iisoh:apher dp%r%lﬂi%iﬂtwtsy’s@&n 2enbies . from

Gae <11 el HIRAFTERL B0 BRI 08 Be. ne ARl 9 oked' e HFBRREL’ <
then di r etidation station 39 and subsequent collectlon at station
40. These .operations occur after sinus01dal travel of the
dissolved gases via the 1ntermedlate statlons 35-38 as set
15 forth below. The usual £low rate of the’ dlssolved gases
_w1th1n system 20 is about 30 m1crol1ters per minute-
The amount of collectzon at statlon 40 is dependent on the
methane concentrat1on in the sample sea water, the flow
rate of the air carr1er system, and the separatlon effi-
20 clency of the vacuum separation system aboard the vessel.
If the normal methane concentration 1s¢100 microliters per
liter of water, and the extraction rate of the drone is 7
liters'per minute at depth, then 40 minutes”wili be needed
to collect 20 microliters of the gas of interest at
25 _ station 40, assuming extraction efficiency at the vacuum
" system of 75%. In the vicinity of modest gas seeps, the
concentratlon of methane can ea51ly approach 1000 micro-
liters per liter of ‘water (S"P) partlcularly_ln deep
water. | |
30 _ Br1ef1y w1th reference to’ FIG. 4, the wet air
. carrier “and the dissolved gases from the vacuum separat1on
center enters station 35 at_1n1et 61. At the stat1on 35,
the gases perculate downWardly through the-serles of

absorbent_materials 62 supported in upright tube 63.
35 o ' - ' '



and hi gher-°"10 range nol ecul ar wei ght hydrocarbons are renoved, -that is

ald hydrocar:bons above Cl.” 'The remmi ni ng net hane then enters station 39
where is- Tt oxidized to carbon di oxi de. After passage through val ve 66 the
Iatter i's:subsequently retained at station 40. The details of operation of - -
15 * stages 35-40 wi‘ll now be presented In nore detail below STATION 35.
PurbOSe: To trap wat er vapor and nol ecul ar= garbon di oxi de in the gas phase
of the separated sanple. The station 35 is constructed of the tube 62
attached to 20 . the front panel 50 of capture box 51 upright position, see
FIG 3, the tJHe c¥ateuirly $2; ﬁ&m9¥QNQQRReﬂP%ﬁrsY%H%%rﬂnQrEQiQFBFéH tazhen

Mark) wal | Pyrex/ auekriae. Anesd ,Oft D SUYIBH mEnExi@é SwR2chsSallgbdokupsada
by smal|l wads of- glgég @@w placed at the ends of the

absorbent naterial ¥ dAnCe, df} (WAERT anif oF AV élﬁBIégPﬁlPﬁe36 by
i ndustry for rerTDVbEtﬁdw&twh \t@prar(bbn’- aid£idey ctherldetefals) sabdehuently

absorb- ing cular carb y. sodiu droxid NA . '
M xture- ratlgqil§ Qﬁ‘ﬂYFé\I(% %e ca(rrzer sy ?'Boé%bg T8a§3§nge g%%ve 64
PDnOXIde whi ch occuossmmtmmneﬂmxaeﬂhnucarrresegamasereamlngnaaﬁhangtbn¢hgh1rf
urnace system 70. h n cops

helix 71 wound abo3f §§ %ﬁét l%t"ﬁg&oal#flﬁt# ‘? Jb%ﬁl% foaég gge&ﬁgﬁslﬁgrgcted to

wrapped with a si ngltagleaﬁ@r afitexs ipassage aphrough ma ve 633. The helix 71

is then covered with addltlogg._l ,Taﬁ)eégé@l&apgg J4tRé I\Sbérésm%t-haﬁdgbﬁ. er-
wool . natting 7o formng a sidewa into whi ch a t her nocoupl e (not sh o .
can be 0 "range molecular weight hydrocarbons are removed, t is,

all hydrocarbons above C;. The remaining methane then
enters station 39 where is it oxidized to carbon dioxlde.
After passage through valve 66 the latter is subsequently
retained at station 40. The detalls of operatlon of '
| 15 stages 35-40 will now be presented in more detail below.
STATION 35. ' |
Purpose. "o ‘trap water vapor and molecular
carbon dioxide in the gas phase of the separated sample.
The stat1on 35:1is constructed of the tube 62 attached to
the front panel S0 of capture box 51 upr1ght posltlon, see
FIG. 3, the tube 63 usuall z being constructed of standard
wall éy %sgg fgg.rade M % absorbent materials 62 is
held in place by small wads of glass wool 67 placed at the
ends of the tube 63.° The absorbent materials 62 are con-
ventional and are available in. the industry for removing
. water vapor (viz calclum chlor1de,.CaC12) and for absorb-
- ing molecular carbon dioxide (namely, sod1um hydrox1de, _
'NA(OH)). Mixture ratio l:1. - : o
| | STATION 36. | N |
Purpose- To remove carbon monoxide which occurs
in variable amounts 1n sea ‘water u31ng a- flow-through
furnace system 70. o
_ ‘As shown 1n detail FIG. 5, furnace 70'consists
of a. he11x 71 wound about a quartz tube 72, the tube being
prev;ously wrapped with a single layer of asbestos_tape_

stage 38 after passage through valve 65. At the station 38, the |ower, nkfi:j-
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\serted. The ends of the helix 71 and the thernDcoupIe 05 are
ctrically connected to thermal controller 76 of FIG 4. The control | er
Y ‘suppl i es.regul ated power to the furnace as a function of tenperature Y
X the remaining annul ar space between the sidewall of the wool matting 75
and the glass wall of the tube 70 are positioned-cupric 10 oxide wire 77
along with platlnlzed alumna pellets 78. The pellets 78 are placed at the-
downst ream end of the tube 70, angd 1geLd ‘by quartz wool, not shown. The o/
furnace operates ‘about 125C mhereby the carbon monoxi de is oxidized to
carbon di oxi de. 15 STATI ON 37. Purpose: To

re e cakbon 0 r-AV i e t gg@ﬁ 71is
'corrlr?tllr uctqu oti‘:ﬂb ﬂegggotﬂbegégél?et?lggé @ﬁ g%tgbggéggﬁﬁgr?&ter aﬂgbfssuch as
sod.un1hyapexﬂéeas qaik]aﬁuaxﬁhrﬁpﬂ%@%smﬁ?ﬁlgmaseinadaszéonm}neuﬁi|s

simlar gggeqallr Qﬁﬁ&%ﬁ&tﬁt@tt%rﬁ&éﬁ Yb- (HBE' ¥hBeh]' idaed beSTATI ON - 38.
Pur pose: _-To renpve | ower - Q%g ig rang ecul ar- wei
hydr ocar BBRET tedeat iThe Iﬁ?“?% n'élP? u'é? x,21 Bpd, the Hherpg ]f% filled °
| \r/]\n |t2|°5 neetecmm Gclzcgheeétmads Eﬂermaa eoatrodles I07f6 & 80 rresh |
-held in SS_.W0Q ot S n.r ana
~and hi gh%lI§n 'hy%”&aﬁ%‘?ﬁc’ i r%'dp?ignﬁ%vﬁﬁg azi’l % ca’i’ooo'!r,&e above
[err] Eatha&i @mrasﬂunqxtﬂnIoﬂutdmﬁéraaugen (At8aBe ammalnlng
: isopenta | S e PLeCedeC I about:
t he bed &%?sdsé}éﬁr 139e§'a"$érl‘ﬂed@hé a@éewagé Bé %g Wo asse wi -{/%I ve 65.-
Hence, cladnthe @lase wabk of the, b@beaaplaresposmmigmed Q#Prkﬁclean gas
can p@ p%%@%@‘ﬁf%é”ﬁ?“%fﬁhg w1tﬂ1p1at1nlzed alumina peliets 78.

The pellets 78 are placed at ‘the downstream end of the
.tube 70, and held by quartz wool, not shown. The furnace
operates about 125°C whereby the carbon monox1de is
'oxldlzed to carbon dioxide. = _ '
15 IR STATION 37. o
' Purpose: To remove carbon dioxide previously
'generated at station 36. tStaticn,37 is_constructed-of a
'glass tube 80 f£illed with an absorbent'material 81 such as
sodium'hvdrokide, Naqg held in place with glass wads
82, and is 51m11ar in constructlon to statzon 35 prev1-
_ously descr 1bed .

20

STATION 38. .
Purpose: To remove lower-, mid- and high-range

molecular weight'hYdrocarbons. Station 38 is constructed

25 of a metallic tube 83 filled With'inert ChromatOgraphic.

' .glass beads 84 in a s:ze range of 60-80 mesh. ‘held in place -
by glass wool wads (not shown). When removal of low- mid-
‘and high-range hydrocarbons_zs desited (remcval'gf all
'hydrocarbons'above C;) a bath 85 consiSting of liquid

30 ~argon (-180°C) or 1sopentane-11quld nltrogen slush
(-160°C) is placed’ clrcumferentlally about the bed of
' beads 84. _ o
_ If desifed,'statiOn 38 can be ‘by-passed via
valve 65. Hence, clean-up of the tube 83 can 'be. facili-

_35 tated, 1.e., a clean gas can be passed via valve 65



01 t hrough the. tube 83 while the bed of beads 84 is heated to a = (E%%EL
tenperature of apout 200-[err] for several nminutes.. Note that at ' :
t enper at ur ess above ferr] however, the beads 84 will soften. 05

STATI ON 29. Purpose: To oxidize the.nethane of interest to carbon d|0X|de
The station 39 i-ncludes- a'furnace 86; It is simlar in design and
construction to the. furnace 70 of station 36 shown in detail in FIG 5,
except that furnace 10 86 operates dt teqpﬁﬁgtures i.n excess [err] in a
catalyti- cally aided reaction, The t enper at preferred is about [err].
Result: nethane is quantltatlvely converted to carbon dioxide at a | over

operating tenpgrat ;&&&Jg}f‘ M'ﬂl% §9' i 10 ke Beg g Bgahge 8df 116} e%ft:[ed to

the cupric oxide 1 | X and tinize alun1 s used as cata
within the furnaceaBGemHQ¥%qﬂ%9rQiﬁ#QPuttzgﬂU§09°§efﬁﬁtéGVEWélcanmmmﬁaN1

efficiency of the iygreaamaid A ndey¥ LtiréangBsvandobetPabaevess e BRalEs
tested. A .standard Byqﬁé-arbo m xture consisting of say 66 parts per

milion 20  nethaf R nillion C2R6, 10 parts per million C3Hs,
and 10 parts @PBr mllion [err] in a heli umgsmamrioN .39@s passed- through"
furnace 86 at 30 mlliliters The, L es i repeat e

mlliliters per mnute. The J%ﬁp?ﬁetrQ&?Lﬁﬁégéz§6 smsﬁﬁﬁgftg tH?E?Eﬁﬁ? to
chromat - 25 ographnhmn[ﬂxnkxdei1eEHéasEetnonza9|mncmaaestarfumﬁadduﬁs. It
i mum sensi {1 Vi Pl da e UGE e {APPLAK! IBAELKuCE B b8 REle Piddslh T of

equivalent) with the above m X ure ¥
above rates, no rretﬂtatéqms3ﬁjeqwlbdllatd@helheiacfﬁﬁo $heee:0|e@|tt |hhratccﬁurme

tinued as Iongoas RPN ed %@%ﬁ@ri‘@ﬁr@@oiﬁ LﬁEElsa ?ﬁopﬁefﬁr %bﬁo%talytl- |

[err]. " Larger ampounts of, nethane were syringe-injecte
microliters of net GAtdY i3kded keachirRe wike §PﬂPFE?tPE§uPF§ferﬂﬁ§31StahQﬂt

concluded that fursso»d6 Resumtantméehane! ¥sogudhtetdeively converted to
carbon dioxide at a lower operating temperature than would .
be normal, due in part to the effect of the cupric oxide
15 helix and platinized alumina beads used as catalysts '
| within the furnace 86. - In this regard, it should be noted
the combustion efficiency of the furnace 86 at different
‘ranges and temperatures has been tested. A standard
hydrocarbon mixture eonsisting of say 66 parts per million
methane, 10 parts per million C,Hg, 10 parts per million
‘C3Hg, and 10 parts per million C4H;4 in a helium carrier,
was passed through furnace 86 at 30 milliliters pet min-
ute. 'The test was repeated at 20 milliliters per minute.
The vent of the furnace 86 was connected to a gas chromat-
ograph equipped with a flame ionization detector. At the
maximum sensitivity of the detector (approximately .5
- parts per million CH,; equivalent) with the above mixture
flowing through the furhece 86 at the above rates, no
methane was detected at the detector. ‘The condition con-
tinued as long as combustion furnace 86 was eBOVe 600°C}:
- say preferably 650°C. Larger amounts of methane were
-syrznge-injected (say up 'to 400 microliters of methane)
into the furnace with similar results. Thus, it is
concluded that furnace 86 will quantitatively oxidize
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. . - . . y
l:? - 01 all methane concentrations that are likely to be obtained in the’
el d.. STATION 40. Purpose: To trap mcroliter quantities of 05" carbon

di oxi de oxidized at station 39..Station 40 is constructed of a, glass tube =
~87 bent into a U-shape. Its arns connect to transfer tubes 88 (and its -
~ inlet and outlet, respectively) which facili- tate gas-passage through the
tube 87. The tube 87 is also 10 filled with inert chromatographic graﬁaﬁ
gl ass beads ‘89 of average si ze, $O 80 nesh forming a trapping bed.
Beads 89-are held in‘place by meds §1ass wool (not shown). Collection of
the carbon dioxide is effected by i mersing the tube 87 and beads 89 in a

ot hen” 8hs HeRnark, spd e dt fdfs Spnpf hperafeny UL UL |
transfer dmb&h®s fdeddbcts via valve 91 to either (i) flow-neter 92 and vent

93 or (ii) to a-. vacuum punp (notéﬁg@%gélﬁg¥rlng collection, item (i),

above, is con- 20 nected to the t er the coIIectlon | s conplete
the valve 91 is operBHERPS®: cofMetY2PhBirKPAALtEr Gnantd &i@fe ¥ to the

Vacussn puidardih (dios pdd coxidisedngd gBatIba Bvansfer tubes 88 are then

sealed by heating LAY g oTE LogsteREtRingesd Hlass ey ana
i npuri - tibeht iinddey Mlsipe( ai Ttgaachs vohaectama transfdd YWubes |
oL Soe et g AL e SRR SRR YR i pdd et or to
heat ed totﬁ)ﬁe[gas]passé@e thrbeght themtobecl8an She tmlbaarﬁ'i/els)rghmc .
ConLg ety P L N Y BRpbRathARERI D) ARy sete |
to -180C awaneggwﬁxze, sgyhﬁg-so mesh forming a trapping bed. -
. Beads 89 are held in place by wads of glass wool (not

shown). COllect1on of the carbon dioxide is effected by

immersing the,tube 87 and beads 89 in a bath 90 of either

liquid argon at -180°C or an isopentane-liquid nitrogen

slush at -160°C. Note that at the outlet of the station
'40,-the transfer tube. 88 conhects via valve 91 to either_

(i) £low meter 92 and vent 93 or (ii) to a vacuum pump

(not shown). During céllection, item (i), above, is con-
20 nected to the tube 87. After the collectxon is complete,

the valve 91 is operated to connect the interior of the

'tube 87 to the vacuum pump and the latter is turned on.

The transfer tubes 88 are then sealed by heatlng them with

a small oxy-p:opane torch. At a mass spectometer site,

the contents of the tube 87 (carbon dioxide) and impuri-

ties, if they exist, (air gases, water vapor primarily) _

are introduced into'a'Vacuum line where'the-qa:bon dioxide
'1s pur1£ied prior to 1sotopic "analysis. Prior to reusing
~ the tube 87 and beads 89, both are heated to 200 300°C in

the stream of clean air to temove organ1cecontam1nents.

Note that cryogenic trapping by bath 90 can present some

problems if the bath temperatures are not maintained

withih a renge'qf 4160 to'-180°C. .For example, it has

been found that at higher temperatures (say -125°C) using

an isopentane-liquid nitrogen slush, the carbon1dibxide
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1 9 : ' .

been found that at higher tenperatures (say -125C) using 35 an - @
I sopentane-tiquid nitrogen slush, the carbon dioxide -13- 1 can

braeak through the tube 87 to vent 93 at nodest flow rates, say 16
mlliliters per minute. At |lower tenp- eratures, say - [err] . oxygen can
condense” on t he beads 89 int erruptl ng the cdlrier flow Car bon di oxi de has
beeq_5 - found quasdn tmeamlghﬁm@eﬁmtmuwmﬂmQéneam 82 mbdestlflofe

usi ng an i sopent.ane; Aéé]é]l dsa{u t{()ognefphlsﬂ&@[rs % in ur{%t es ,at }St"%\y Eg;ﬂgs of

about 100 nmilliliters Per Fn i lcartier f | oW 0-30
mililiters 10 peraftungs, saw -de&ﬂadh dixydeate cain Icowdm@Bapnedhﬁobeads

periods of two hour§9(¥n€3¥fﬁfﬂﬁH (¥ﬁ¥1cé¥riéﬁﬁfﬂow tl@%ﬂb%heaﬁbﬂﬁdk' H8sObeen
carbon di oxi de w || undoubte y increase if liquid a err] iIs used

EXPERI'MENTAL BATA 1¥pund q%f“?’rﬁi’é’s’t‘ﬁjd’l itéh B 5 |e§@t1c9|ﬁdg°ﬁlr&8@| §afSoR9 at
associat- ed with s-ylss As fg MG i shpditnsan quide miategensstsh, for 25 |

i nvestigation util | | so?sé gikda%%aS%QarEeé aor}e HI" 1%dfnjiﬁ%oﬁ§§th§ne n_Lrt rogen

m xtures. Results o ion "are as se orth PoR®n Tabl e
. 20 25 30 .35 -mimute. . ' TABLE

Thus, at air carrier flow rates of 20-30 milliliters
10 iper minute, the carbon dioxide will be retained for
periods of two hours or more. Moieover ﬁt -180°C 'fhe
retention time of carbon dioxide will undoubtedly increase
. if liquid argon (-180 C) is used.
_ EXPERIMENTAL DATA

15 ‘An investigation of isotopic fractionation associat-
ed with system 20 of FIG. 4, has been undertaken, such
investigation utilizing standard 5% methane—afgon and 10%
methane-nitrogen mixtures. Results of isotopic exam-
inatioh_are-as set forth below in Table I.
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%é‘ple No.  Std Vol . ‘Inj. Recovefy Delta [err] (PDB),% - o
N 0 5 HCG 11 5% [err] : 50 100 -39.31 HC 12 - 5%

Terr] 50 - 100 - -39.27 HG13 . 5%[ert] _ .100 '

100 © -36.36 HC 14 5%{gerr] 100 ¢ 100 -39.57 10
HC-23 - 10%[err] = . 100 L&QP . -26.0T"HC-24  10%[err]
1001 100 -25.45 HCRABLE L1095 err] 100 - 100 |

-25.53 HC- 26 __ 10%[err] 100 100 - -26.73 15 Ref-I

10%[e”éamp12%11 rerSt 100, Og}alleln'?’o RECOVEry De]orgi c l@oB)

100 0 /00 29. 13 20
25 30 35 ___-15. Sanples H(‘-II through HC 14 show good agreenent and
- denogistrate a high | evel of precision at two concen- tration levels of 50 -
mcrolit nd 100 oljters the c n di oxid P). Mear. and
st andar dﬁ{i'#atl ons '6f6%4 A Y he de"lt’(?a [er ﬁ&gorrpom ti 3114\%; - 39. 38
[err]. 13HC-1%ferenci%s@hhym havedS@ot yetl@ken analy—z&ﬁiz'i‘Sarrpl es HC 23 -
t hr ough and r n sanpl vi de si nig g esults except the
delta eﬂrf?]fgl stri b%t F%lﬁ%}a%ere S ﬁ?erratl cﬁ?(?y "l ghte ﬁ-%/ a val ue.of 10 '
e

-3.57 [E\@T}‘l Ther 5% sSCHafApr esenl00 no exi?@&nati on g9 systematic bias
noteﬁoabove In a parallel study, sea water- saturated with a nethane/ argor

m xture ﬁ& égvo tenl)&ra&é] ?ﬁ [err]lda@d [er{éo -26.07-
HC-24 10% _CH4/N 100 100 -25.45
HC-25 10% CH, /N, 100 100 -25.53
HC-26 10% CH,4 /N, 100 100 -26.73
15 Ref-1 10% CH,/N, - 100 - . -30.50
Ref-2 10% CH, /N, - . 100 - -28.11 .
Ref-3  10% CH, /N, - 100 -29.13
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was stripped of its dissolved nethane. The dissolved 15 met hane was
then condensed to carbon dioxide at an.air carrier flowrate of 30

ma liliters per mnute. Approxi- nately 30@6of t he methane was renoved
from solution in IC mnutes. Results of- OpIC exam nation are set forth

bel ow wi th reference to. Table 1. 20 TABLE “13 Sanpl.e No. Std
Vol\_fnj. Rdcovery Delta Sapg;ef HE-11 through H’—le show gooé. acreenen-

?/ 0-0] HC-15. [ ']5%:a@raamonstrseérh high 1e331t of Freé@sl@n"‘%tl&tvvo cortién -
err er aturation centrati.ons in
liter sea water att48t3en leveéﬁd°?e§&]mNSFQifﬁﬁfsséﬁﬁl§§%H€1E§Q&d§%%5 f§1

G

represent partial | yhsteappend dbaxidéer SPPOVi oMehy aqdlbkbhﬁardddmvuhﬂjmhsﬁb:'

et hane/ ar gon g xt ,g,?-%pg%sm BLAHHES ¢ Y8R ERODY. Bel U ROSURLE z%ncaeb' e

. But also n 5 res areé not S|gnf|can
di fferent than thosampbesi have. fot yakpbeenHenplyerAsugh HC- 14 of Table |

16 1 . which were achi eved §§hﬁ9e£hﬁ"séﬁet§9656ﬁ éﬂ&soknGEEQ&%%%n%%gon
O particular interest_in Tables | and IT, is the fact that the 13~

fractionation asso%?%@%ﬂsmﬂrﬂvlHEBHbP§t§1§EF?EpFﬁ§“3FStﬁé°§§ﬁpﬁé§ delts and¢

HC-19 in Table Il d5s9PPibutesist Badfelshstehiticalloxpadigtder"nes aheralue of
fractionation f ctox % appyt 1
ane

03
to say, for st strlpﬁpﬁggef?lcﬁén ESSFPéss"Fh§ﬁ° Qfatﬁﬁé

resulting carbon dspstdmamntlbbes[aotkdlagbven than the parent nethane. At

30%recoveries, the 10 — fragfiongbignibs WeLALN S¥BCLATRY! YactiaQed wi_b a
Isotoplc fractlonatlon IS depenaeht on vapor
methane/argor mixture at twc tenoeraeares (18P° and 2°C

was.strlpped of ics dissolveé metnan__ The dissolved:

18  pethane was then condensed to carbon dioxide at an air
earrier fiew rate ef_30 milliliters per minute. Approxi-
mately:BO% of the methane was removed from solution ir 1C
minutes. Results of isotopic examination are set forth

 be1ow with reference to Table II. '

20 ' '

TABLE II
. 'Sample No. Std  Vol. Inj. Recovery Delta'lgC(PDB)

25 " - % T/

HC-15 5% CH,/Ar  1495% 32  -40.16

‘HC-19° 5% CH,/Ar 2180% 30 -39.17

a = saturation concentrations in 1 liter sea water at 18°
30 and 2°C. | -

- Note that samples HC~- 15 and HC-19 represent
partlally str1pped sea water previously equ1111brated with
the 5% methane/argon mixture, the same mixture used to

. obtain the results in Table I. But also note that the

35 results of Table I1 are not signficantly different than

those obtained for samples HC-11 through HC-14 of Table I

or. the sguare root of 17/16) @%r ;%c



ressures of [err] and [err] each of whi ¢h bei ng tenper- ature dependent.
%& tenperature extrenes likely™t36b€ encountered at the surface of the

rth [err] .to [err] 15 isotopic fractionation aSSOCIated mnth gas _
t .
Lt “CUEIRR WS RO I MRS LRE L Rhe S sklibce, dadi® o SRRUBRAL/ 0L 09

| C13 valrgomr O\Qﬁjeﬁan‘mclel@helntheegtogenl“@bdlea ﬂeranﬂgelic lsrethane o
fracti enge 2@1at R@Jé‘tfﬂ@c@i‘@-ﬁ'ﬂ@?oh“aéﬁbgﬁé#e@e‘w&@x o ﬁ.{;ﬁt . Onus of

i nt er est n-sit and

exan1n§ﬁﬁ§PQﬁn%nﬁ§It%%n%é%PlﬁﬁlBﬁsléf=adc§FUGﬁad@bw?§kﬁ;%ﬁsb%lved ina.

bpgly OﬁégﬁfihAH“Eﬁ/MhlChTﬁPQrfs'éx?@c@éatth%bm%yéﬂrﬁ%héhon§§1éﬂ pr edi ct
hydr ocar bon otentlal%1 i é?e earth Tormation under] yw%j&saJ ﬁ of water,
0] od

cai d f BARKT AN c£9Bf t88| §ILArBoR 2Ot RE &hi d Fae
- conpri SigGio (day,. ﬂ:’or asxkapmnmeemhapbtmbg@a@ @fquemwstyeeerml ing said.

t t fl t el t d
\(/:vgmelr nalfél?éi ililec s’é%%v'r’gﬁﬁ%agaf'g°ﬂ/afjéf’n 0%1%1 i - d’°g§;1lsl Lhases; (iii)
quantluwghﬂag/Eﬁ?nnt%enganeaeleethdnearbam-3@@emw&qyffiemnltheeLferin?
' : £ Drese - re vented to atnosphere at a.
Eﬂ@w;pféﬁﬁﬁééhétﬁﬁg f?v?feagén%?Fg?l 5P§%§XF5| ng sai d selecteg gas and
. then cryogenjcalIDsatapbtngrQththauonn1prd@m@mddnrenﬂ vapohe presence of
a1 d A I P 5 ke BREVESHlor oBn AR AP coyapLnalion
be

A neth accor n said car onaceous tep (|||)-
i s netwmm;eﬂﬂpggnQpnt. At temperature extremes likely to
encountered at the surface of the earth (=2°C to 45°C);
15 1sotoplc fractionation assoc1ated with gas exeractlon
should be wiihin exberirental error. ‘It is also worth
noting that success of the present invention does not
depend on the absolute delta cl13 values provided for
-« either the biogenlc or t‘ermogenlc methane fractions.
20 Relative changes in a local region are the focus of

interest.



Y . . =
oxi dation product i-s carbon dioxide. 3. A net hod according to Ctaim1 %g:gég
2, wherein 25 the flowrate of said air carrier of steps (iii) and (iv) i
fnon120 30 nillilitres per mnute and a cryogenic capture period for

t rappi ng” sai d oxi dat i on product is sufficient to trap at |east 10
n1croI|tres thereof. 4.. * A nethod accordrﬁa’to Caim1, 2 or 3, wherein

30 \,ald cryogenlcnmumsplng in step (iv) is effected at a tenperature of
from-160 Cto -18U'tT‘T alr acarrier f&om/raé%s of 20 to &
mililitres per mnute: ﬁb?ﬁoa alloP ﬁgc? ﬂ?lan§ e§a%+n% ton
wher ei n st ep (ii) qfn@mad.ds cplneenmhrasuepsobfcencanuonabyoes ga@ndimwge@aml
gas phase in the pr 0 0. f gial knC _
e or 20 to 30 b Y efoqater TndBd Uptp tRABROLS ha BRFLE BimELlop e
using an ioni Zati &$ ﬂPaﬂEe@épécP6@r°§P€§°P|PPFeéﬁF? oeéutkengarsh formation

hydr ocarbons are- mq%n@/saaudbbh@nafd%eebqrsala formét 16 i Rg COr shugee

to.daimb5, wherei éPored gas at sai ﬂg aetector | s_met hane.
7. A met hod ac& r& F RAfres! swﬁ@?elﬁaéglﬂe At GPBRT 438 s any
hydr ocar bon and sai d séhécteatgasknswneghageapalc lodatikohodortimueiislyt o -

Caim7, wherein %%%ﬂi: rs%&'do%%fergﬁ p%‘é&‘ééthgah%g{’&};é “%E?fﬁ egW th
accurat e trappi ng of "sa nethane I ncl ude e sub-steps o renovi ng
wat er vapour arfd mﬁlﬁﬁﬂﬁﬁfd@ﬁﬁben di oxi'de from passing -gas in the presence-

of said air carrier; (I(I:)l)OXchhz;umo&eus} cacham aaﬁexadengowﬂab@ﬂt@lromw
(|||) trapplng thﬁ %%5 %'gégd%theStep (ii1); and

(iii) quantitatively seoaratlng a selected carbon-_

aceous gas from interfering gas species in the presence of
15 an air carrie; ﬁented”to atmosphere at 2 known flow :ate;
and - _ : o

(iv) quantitatively oxidizihg said selected gas and

then cryogenically trapplng an oxidation product thereof
~in the presence of said air carrier so as to prov1de for
20 accurate 1sotoplc examination. )

2. A method according to Claim 1, wherein said ' j
carbonaceous gas of step (iii) is methane and said '
oxidation product is carbon dioxide.

3. A method according to Cleim 1 or 2, wherein

25 the fiow_rate of said air carrier of steps (iii) and (iv)
" is from 20-30 millilitres per minute and a cryogenic
capture period fdr trapping Said_oxidation prOduct is
"sufficient to trap at least 10 microiitres thereof.
4. A method according to Claim 1, 2 or 3, wherein
30 sa1d cryogenlc trapping in step (1v) 1s effected at a
' temperature of from -160°C to -180°C at air carrler flow
rates of from 20 to 30 millilitres per minute.
5. A method accordlng to Claim 1, 2, 3 or. 4
- wherein step (ii) includes the sub-step of continuously
35 monitoring said gas phase in the presence of a continuously'
flowing air carrier at a flow rate of 20 to 30 millilitres

A 0y o



cryogenically trapping out- all low, md-, and hi'gh-range nmol ecul ar
ht hydrocarbons above Cl1. 9. A net hod. according to CI aim7; wherein
| fla- tion of said nethane is catal yti cally assisted. 10. A met hod >
: fording to -Caim7, wherein cry(i eni c trapping of said methane so as to
» provide for isotopic exanm natiofl ifrcFudes the sub-steps of: (a) '

Cinterr pptri ndnutiet ifogr thes Préstinces ' iWGdrocarbonat Rixdperan by connect i ng\d

downst r.ea d ac Wit ai_ d .vacuum rating,
seal i n& B‘gjﬁ#ﬂﬁét g@— %@g&%ﬁ'r %3:) r‘&g §f %’t}p Hr% %pped .car bon
di oxi daydracarpons rameo\de‘t@m&hyraqapm fdameodletiextiodn to a nass
spectroneter gf or i 90 %cﬂﬁ: Eﬁﬁ%q. gto Clalm
10, wherein sal d i ?o%%%: C exam na |ng: torl(Jg:\}a eﬁsA el't a%g%r ue. A
net hodmepigered @a@olaitecﬁati&w fér?@eeﬁeﬂ’ﬁerﬁqlbﬁ-soﬂ%qe-concent rati ons of
rreg hatne Ioll stqi ved I%wmwwcordin@tos@tngﬂ & pmﬁimsﬂm?r bonOI
potentia a ear f or na- on associ ate enerajion: of sai
met han&ORSHOF AR shyrdd' °nataqg1ﬁﬁ\#‘{;§t?§r%f%rﬁa‘i &tations
: contlnuﬁuakmhmmmpllng sai.d sea mater at depth; (ii) contlnuously vacuum
separating sg d coly I ang, (i)
cont i nuousl y§rfnn| t Or &%%%ggg%gc\ggﬁgs?oofdlsa%d@e aregﬁaezlcfov@vgﬁe? for the _
pr esen&epairationo o [gass specdes ithaty aighir Havke istdht, quantitatively
separ atad&r%“tte Hragdiny Iy | 'é%ﬁ@@ﬁet%é a&:éﬁdése tCi:R-'S eéi:b-tstcgpépf met hane

and its oxidation product carbon dioxid

(1) removing water vapour and molecular carbon
dioxide from pas31ng gas in the presence of said air
carrier, ' - '

(ii) oxidizing said carbon monox1de to carbon

' dioxide; : '

(ili) trapping the carbon ‘dioxide of step (11),
and . . : |

(iv) cryogenically trapping out'ali-low-, mid-,

and high-range molecular weight hydrocarbons above Cl. _

9. A method according to Claim 7, wherein oxida-
‘tion of said methane is catalytically assisted.

- 10. A method according to Claim 7, Wherein
cryogenic trapping of said methane'so as'to provide for
1sotop1c examination 1nc1udes the sub—steps of:

(a) 1nterrupting venting of said air carrier to
the atmOSphere by connecting a downstream end to a vacuum
pump;

“ (b) w1th said vacuum pump operating, sealing both
upstream and downstream ends of the cryogenic trapped
carbon dioxide, and
| (c) removing said trapped carbon dioxide to a mass
spectrometer for isotopic examination._ '

11, A method: according to Claim 10, wherein said
isotopic examination prov1des a delta 13C value.

12, A method of on—site collection and examination
of small concentrations of methane dissolved in sea water

ll!llllj AR




cryogenlcally trapping the resulting carbon dioxide in the presence of an
aidr mixture €1 ow ng-ar a rate of about 20 to 120 millilitres per mnute;

and. (vi )~ Asot op| cally. exami ning the carbon distribution of said trapped.
carbon di.oxide, so-as to determine biol ogi d8 -and/ or t her mogeni ¢ origin of

sai\{_nethane. 13.g4 oy QY %@ﬁwwm&&ﬁ@p@tﬂ&u\mﬂo&f &nsui-ﬁhsmaa

-exam nation of step (vi) pr.ovides series of delta. "C values Indexed to

known geogr aphi ¢ 4it@at mwétté’d %W”é‘%% Sfmsia ity medaneon Sadd st ep -
(i). 14. A net. m&mwﬂmﬁmgﬂ aim 12 or 13, wherein step (iv) includes

the f.oll owi ng sub-step erfaqr ILn se presen of an.air
carrier having a-: flowéa?(D @&\%@WDZ g%fafgﬁcmqqu% irﬁ%’tsé‘ (a) -
removi ng wat er vmpliaxgj sailde mdaawatathat dlepdie from sai d gas phase of-
sai d separated water, n??ﬂfs L&’Elf‘&?; aﬁept S;
(b) oxidizing any. carb n no>§ﬂ:§' ?bon I OXI ?)Igg ng sal eg;las@d _
phase. through a Gf%aWatem intoildaniskiansd igas mmeaml ntai ned at :

md-tenperatures; (c) (§18MP\doh¥ intduEA HdAitO 198 @‘aﬁi% hdde I%&SS' ng
t he gas phase throug&: anot her ped of - a sor%t material; and~ - -20- (d)

cryogeni cal |y tr@fhFRAradiad watker fax * %frP"fedr?gfe hrdracarhongs ght
hydr ocar bons above [ i) bﬁﬂ&@ﬁmdﬂhﬂx@ﬁ&@@@d&ﬂ“&u@umnwﬁé@@d of
Mntertori ng gas SARARRCTHE oyt A YRSy MEETNCRS 12, e A8tesr of
sai d net hane. 15.tiomA almedthans gl rifs @ﬁdﬁﬂﬁm Pmm,n caathon

' | | dioxide,

(v) quantitatively oXidizing said methane to

‘carbon dioxide and then cryogenically trapping the

' resulting carbon dioxide in the presence of an air
mixture flowing ar a rate of about 20 to 120 millilitres
per minute; and. -

(vi) isotopically examining the carbon distribution

 of said trapped carbon dioxide, so as to determine
' biological and/or thermogenic origin of said methane.

13. A method according to Claim 12, wherein said

| isotopic examination of step (vi) provides a series of
delta 13C values indexed to known geographic locations
associated with said sampling locations of step (i). -
_ ' 14.' A method according to CIarm 12 or 13, wherein
step (1v) includes the folloWing sub-steps performed in
Sequence in the presence of an air carrier having a flow
rate between 20 and 120 millilitres per minute:

(a) removing water vapour and molecular carbon

idioxide from said gas phase of said separated water, by
passing same.through a bed of absorbent materials;

(b) oxidizing any carbon monoxide to carbon dioxide
by passing said gas phase through a catalytically-aided
oxidation oven, maintained at mid-temperatures,

4 (c) removing the carbon dioxide of step (b) by
passing the gas phase through another bed of absorbent
t.material and

o

(W) quantitatively oxidizing said nethane to carbon di oxi de and then : @




bed, of absorbent materials of sub-step (a) is a mxture of [err] and NaOH. [
- hgg- 16. A nethod according to Caim14 or 15, wherei'n sait bed of

bgor bent. material of sub-step (c) is NaOH 17.  A.nethod according to

_,G1a| m 14, 15 or 16, wherein cryogq%[&c trappi ng tenperatures of sub-step (d)
.for said interfering hydrocarbons® in the range from15 [err] to [err]

18. 1 A net hod(dycoerjfogen ically mapying duts il Tow-1,7 mitder,eian Sst ep (v)\.J
i ncl udes I%n%ﬁéé el & uliza)uef[%ﬂtj'lﬁci}@b%%tf@t Ave e carbon dioxide by .
r

passing sal ne and alr e thro a catal ytic- 20 all y-ai ded
oxi dat | orP2sRINgE bR B3 Phase Buragk AR elfﬁfé?tathﬁde Sfab§&dsand (b)

cryogeni cad{ e 4 {90P1 99 &b r&id X CRswore mﬁfrés‘ suferaibep a0d) by passing -
sai d carbon di oxi de throug an i nert be | ass beads nalntalned at

ext rnel yIHRF BT iRE BAS GLes 1p sa r%atsh W& HE AFHTE ai m 18,
wherein smﬂbﬁrmm@tiapmflgsampmwanes of sub-step (b) for said

carbon di oxi d .are 'pdﬁéﬁ%m n coTd :@%é“:cl fod:.n?"lql | §ldreA® szih Method of

on-site coIIe Yon an concentrations of a
‘car bonacebed @ésabmlahtma#%\ﬁ%l%soﬁeﬁ@mmr@)de‘&rﬁ BEETTE ref er ence

to the ac&pr@Q@yl Ngn i gs. 35
10 16 A method accordlng to Clalm 14 or 1::, wherein
sa.1d bed of absorbent material of: sub-step (c) is NaOH.
'17. A method accordlng to Clalm 14 15 or 1€

‘wherein cryogenlc-trapplng temperatures of sub-step (dx'
for said interfering hydrocarbons is in the range from
15 -160°C to -180°C. o - |

18. - A method eccording to any one of Claims 12 to
17, wherein step (v) 1ncludes the sub-steps of:

(a) ox1d121ng sald methane to carbon d10x1de by
“as51ng said methane and a1r mlxture through 2 catalytic-

20 =2lly-aided oxidation oven maintained at ‘a selected
temperature range, and _ _ '

(b) cryogen1cally_trappihg'out'said carbon dioxide
of sub-step (a) by péssing said carbon dioxide through an
inert bed of glass beads maintained at extremely low '

25 temperatures. |
| . 19, A method according to Claim 18, wherein said
cryogenic-trapping- temperatures of sub-step (b) for said
carbon dioxide are in the range between -160°C and -180°C.

20. A method_of.on-site collection and examination

30 of smali.concentrations of a carbonaceocus gas, substant-
"ially as hereinbefore described with reference to the
accompanying drawings. '

35
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