WO 01/57499 PCT/ GB01/ 00365 A METHOD FOR DETERM NI NG THE SAFETY OF GAS

M XTURES Field of the invention The present invention relates to a nethod
for 5 detwomisreyg the safety of gas mi xtures, in particul @CTGBYAGIGA Xt ur e
containing first and second flammuabl e conponents together with at | east
one further flammable conponent and at | east one non-fl amabl e conponent.
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E]F%Eﬁﬁﬁ%raﬁlon measurements are made 1in

number of safety-critical situations. One such

requirenments
a

flammable gas is natural gas, which typically comprises

mainly methane, plus higher hydrocarbons,

inert gases

15 and trace components. Natural gas detectors are needed

for a number of applications including resgsponse to

public reported gas escapes and for continuous

monitoring of plant / equipment using permanently

installed detectors. They are required to measure the

20 gas concentration as a percentage of the lower explosion

limit (LEL) of the gas mixture, this being an important

safety parameter.

The required accuracy of gas detectors is given by

25 international standards. For example, European Standard

EN 50057:1999 specifies that the instrumental accuracy

of such instruments shall be no more than either +5%

the measuring range (usually 0-100%LEL) or 10%

reading, whichever is the greater. Some published

30 company standards demand an even greater level of

of

of the

accuracy. None of the published standards for natural

gas leak detectors specifically addresses the issue of

measurement errors that arise from compositional

variation in the gas, and base their requirements on the



error when the detector is faced with a consistent conposition. However,
it is desirable to neet the required standards of accuracy even with gas
conposi t iyame1/9hed nconsi stent conposition. 5 Wil e nmet hanpes/m®0i/60365
detectors (ie detectors with no cross-sensitivity to any other gas) have
been used for determning the safety of natural gas m xtures, such

devi ces do not have the necessary créss-sensitivity to 10 other flammable
conponents and can give large errors. The nost extensively used detectors

are based on ellistor sensors or fJlane ionisation technology.
Pel | i stor-base%?écn%’%?% %ber idel%;‘?c ¥l cfissiq%ﬁe h“éltglaf 8™t XtH% on a heat ed
cat al yst bead.cchiposipiovi déowaveneasurie dfstorbissttiobmbet yeitehat i s

inherently related tg theiXELopfdhe 0t Whal Bas, bgak. However, there are
a nunber of associated problenms wth thése sensors ™when detecting natural

gas | eaks: 20 GomrpeétépnsRisdRSPRFIFISAT 6OBPPFEri&M: f| amabl e gases is not
exagtly what is required to conpensate for their differing LELs.
Correction factors nust be applied if he sensoy .is . used tqQ neasure a gas
speci es differ@ﬁﬁ;e2§efﬁ%ﬁﬁiﬁd%0é5§cLéﬁﬁfck8r5afiiw chf??siW5é%889called

"fol dback” of ¢hmsserssitieisponseany rethelragasi fhavirebgas wsedriegent in
concent r ati onsy SUlLi GLED! cnd Qadbepl A¢ALOE QUARLLLES, Ofpiygen from the

air, the 30 gaS cannot-burn in the detector and its response actually
decreases as tdrviges donentheaei bhe | FRISSEIEE. CTORF SeBART FESM £9 n anbi guity

of ;phe readi ngifL, $AEGLYI idohBBhedid Uald 8. g MR Q2k5Z499- RET/ GBA / 00365
3 i1i) A high cost of ownership resulting froma high

The most extensively used detectors are based on
pellistor sensors or flame ionisation technology.
Pellistor-based sensors work by oxidising the gas

15 mixture on a heated catalyst bead. This provides a
measure of combustibility that is inherently related to
the $LEL of the natural gas leak. However, there are a
number of associated problems with these sensors when
detecting natural gas leaks:

20
i) The cross-sensitivity to different flammable gases is
not exactly what is required to compensate for their
differing LELs. Correction factors must be applied if
the sensor is used to measure a gas species different

25 from the gas used to calibrate it.

ii) So-called "foldback" of the sensor response, in
that, if the gas is present in concentrations sufficient
to displace large quantities of oxygen from the air, the

30 gas cannot burn in the detector and its response
actually decreases as the gas concentration increases.
This can result in ambiguity of the reading in

safety-critical situations.



mai nt enance requirenment. A nunber of gas-specific detectors, nostly based
on 5 specific detection of nethane, have been devel oped to overcone these
difficulgxsﬁaég%gnatural gas applications. Many use opti gal, %@&%gon of
the gas, "and I n particular neasure the optical absorption of the nethane
or other gases at specific wavelengths in the 10 infrared region of the

el ectromagneti c spectrum Exanpl es inclgde Eur opean patent specification
874233 A2 (Sienmens AG. Methane is chosen because it is the principal
conponent of natural gas. However, the other conponents of natural gas
cause errors iBhlihe hashl €Piy o5 YREFShHigndienylt Bet direm rhkssh conponent s
have a varyi Ngma CO@Rsictl 88quidenettNot sufficient to calibrate out the
systematic error; the remaining randomerror is still too large to neet

t he demands of the detector standards nentioned above. 20 SUWARY OF THE
| NVENTI ON Acc oA divungpetro off heas terentifon ddierazors, pnost ldebaaededhod for
determning th fety i co Ln LI a second

fl a%mabl e conp%%%?ﬁ@ct ggg?ﬂzﬁéﬁh?ﬁéﬁ%ﬁe'l glggtg i())%%n f%b’?%é?e?&fmmbl e
conponent and ave¥earst topge FFirradrhed|rcarpvrzhtgasconpri si ng using an
optical detecigsritieke. atydBasket YO IRASUEEIBALSh 0¥ LHE | by the
concentration in_the gas mxture of the first and_  second fTanmabl e

conmponent s and®BA| TUIPAEFAGUt He MSGSPET Bt £5& 1 FBNeIPIXPLOSToPE 158% t of the
gas m xture bymathdamd kadobasederst he gmdiifiat varelafngthe DRasiy enent s.

Preferably, the percentage |lower .explosion lint of the gas mxture is
ST ToOH ThA52h n e VD OTRETRGb PR G 00365 4 | i near

cal @ul at ed by a“me
conbi nati on of ExdrepiesasorbudatBiroppaprovdentesng¢ification 874233 A2

(Siemens AG). Methane is chosen because it is the
principal component of natural gas. However, the other
components of natural gas cause errors in the resulting
15 $LEL reading. Because these components have a varying
composition, it is not sufficient to calibrate out the
systematic error; the remaining random error is still
too large to meet the demands of the detector standards
mentioned above.
20
SUMMARY OF THE INVENTION

According to the invention there is provided a method
for determining the safety of a gas mixture containing
first and second flammable components together with at

25 least one further flammable component and at least one
non-flammable component, comprising using an optical
detector to make at least two measurements influenced by
the concentration in the gas mixture of the first and
second flammable components and calculating the

30 percentage lower explosion limit of the gas mixture by a

method based on the combination of the measurements.

Preferably, the percentage lower explosion limit of the

gas mixture is calculated by a method based on the



t he percentage |ower explosion limt (%EL) is given by %EL=k1Rl + k2R2 5
where R1 and R2 are the two neasurenents influenced by the concentration
in the ggso ot e of the first and second fl anmabl e conpornvestsoaesl k1 and
k2 are calibration constants for the optical detector. 10 The percentage

| ower explosion limt (%EL) of the gas mxture is preferably cal cul ated
by use of the formula: [A] [B] %AELY= ------- + o---- - (1) 15 LELA LELB
where [A] is the determ ned concentration of the first flanmable

conponent, [B];is _th t ined-c tration of the second fl amuabl e
conponent , LEL]P%I}esa&t ﬁgﬁﬁﬁﬁogzgfe%%%aosﬁrﬂn%ﬁs Ni o?nt ﬁ’éoﬁ‘ rSEUr ammabl e
conponent, andchd PleBcprtadre Yowger exxipusinohini mi ¢*1EG ihegisesobg fl ammabl e
conponent. The invention is particularly of advantage where the gas 25

m xture includes further flammabl greQgenanisg, In this event, the first
and second fl anmabl e conponents are preferably the nost predom nant

fl agmabl e conpanent &, iand Rheaxgashel xtdrmeasurepantd Gldfalentbe WAs m xture
may be derived fromnatural ga i ch includes, exanpl e, 30 net hane as
the nmost pr edo?nené:r?fic??%%%a]b e lglag{é egf%saﬁnéx(g)lrlre pc?%%éﬁe%ég?tt f&%econd nost
predom nant gasecamd fhammalpicheprmppaemehlaadglisesd ks walel yahiigherion

hydrocarbons, idhsi-gkat fyeloheSoRELEEL1 et s,y The natural gas will
typically be diluted with air in the gas m xture. The 35 non-fl amrabl e

conﬁonents of the gas mxture will WO 01/57499 PCT/GB01/00365 5 typically
be fi trogen anthORFIERTLRIT VO SFr SR 1 OFi FIM barEh) dPbxtie 98%d vari ous
i nert gases. Wi-have ssrgprdRdrapgly ¢olmd atledt byreasuifnghé heormula :

$LEL = ------- R e (1)
15 LEL, LELg

where [A] is the determined concentration of the first
flammable component, [B] is the determined concentration
of the second flammable component, LEL, is the lower

20 explosion limit for the first flammable component, and
LELy is the lower explosion limit for the second

flammable component.

The invention is particularly of advantage where the gas

25 mixture includes further flammable components. 1In this
event, the first and second flammable components are
preferably the most predominant flammable components in
the gas mixture. In particular, the gas mixture may be
derived from natural gas which includes, for example,

30 methane as the most predominant flammable gas, ethane or
propane as the second most predominant gas and then
other flammable gases, usually higher hydrocarbons, in
relatively smaller amounts. The natural gas will
typically be diluted with air in the gas mixture. The

35 non-flammable components of the gas mixture will



concentrations of the two principal flammable conponents 5 of natural gas
is sufficient to reduce conposition variability errors to an acceptable

| evel . Ewamot/dmassgh these and the ot her conponents of thePQu&B/BU368 €
(including inert gases) could still vary, the nmethod according to the
invention results in an acceptably 10 small error, well within

i nternational and published conpanydstandards. This makes the fundamental
i nstrunmental accuracy of an optical detector provide a simlar |evel of
conposi tional wypicrldyg bdatitobgan pel laxgpen-dasisddderecttite awkct hout the

i nherent 15 d'éﬁ%g;ﬁ”ﬁ@&‘??det g%@eggnm '1?1e£€' %éjseetsectl on of concentrations

of other |ess predom nant fl amrab mponents may theoretically give nore
accurate %.EL W& SayPngerPieiRnayE f?ﬂﬂﬁj tﬂ’lﬁ'atm?atsqrslnﬁo‘?h%t necessary

requi rement foforgesicdet e6id o aa@Iwcatpraalpgp Alabhargd ddipoeaheyl ation of
% EL for two conponent mxturesﬁ% qﬂ% %gas enent of the concentration of
0]

each of the to "EGHPBhTRS 1SS SR ‘iﬁ?\/\/ﬁf’ﬂpﬁ'ﬁb‘”@rw Jones in
"Limts of fl ammbbliiliyydrmpasesoaad acagotaksle 12yelat i Bval tBuongaAu of M nes,

Bul l etin 503 (&%%E)Laflht tﬁ@%th%?t cOESMQUS! ¥e BaRN JaK OQQQEQC that an accurate

measur enent of or a multi -corrponent gas m xture can be obtained by
use of the netHowladdsedinrytt 26R8) JWENEFbR BEYI ntBaengdwsi bl e

enbodi ment of dhRrAKENEts Ghe tl‘xWentETﬂﬁrSlﬂe@ﬁEﬂé Sirdl@ HBESptHIer
speci es-specific conditions _ W thout cross-sensitiVvi t%‘ﬁbﬂg‘t S under

corffi ti ons sucH@lthEETRhcH Sleadur Bt A tes R hfi el Apd oncentration
35 of one of tdwenphhgnmrashdamcisnpofieid snakes shbstendamahtyl not i nfl uenced by

the concentratjon,of..hhg ARL-a0f LHeB01L21 403 LETE RN QR385

similar level of compositional error as that of a
pellistor-based detector, without the inherent

15 disadvantages thereof. While the detection of
concentrations of other less predominant flammable
components may theoretically give more accurate %LEL
readings, we have found that it is not a necessary
requirement for gas detection applications.

20
Although the calculation of %LEL for two component
mixtures from a measurement of the concentration of each
of the two components is known from H F Coward and G W
Jones in "Limits of flammability of gases and vapours" -

25 National Bureau of Mines, Bulletin 503 (1952), it has
not previously been proposed that an accurate
measurement of %LEL for a multi-component gas mixture
can be obtained by use of the method according to the
invention.

30
In one possgible embodiment of the invention, two
measurements are made under species-specific conditions
without cross-sensitivity, that is under conditions such
that each measurement is indicative of the concentration

35 of one of the flammable components but substantially not

influenced by the concentration of the other of the



6 flammabl e conponents. This enbodi mrent nmay be realised by the use of an
infrared spectroneter at high resolution or by the use of a tunable |aser,
as descwigmg7a9o CGerman patent application DE 19823918 5 ¥S/6pem®3¢3G) . | n
an alternative enbodi nent of the invention, two neasurenents are nade
under cross-sensitive conditions, that is under conditions such that each
measurenment is 10 influenced by the concentration of both the first and
second fl ammabl e conponents. The degree of cross- sensitivity should be
suffici ent thd&labotbld herbonsttand Thsecemsbdinemrahbbe omeanests can be

det ect ed abov% t@ﬁe-& %kegh ﬁgﬁgﬁegf ?Qgﬁfggéggglageﬁﬁ%}or In this 15

enbodi nent, it |s preferre one o e neasurene i s made under
condi ti ons su&BSasuUEFHEOT RY| HehcBE Fbre tWiphtlie ledscerms ati on of the first

fl amabl e conperepived haﬂGEymalhepazz@ﬁ@eaﬁsmd&aoaf pEheveseeard flammbl e
conponent, mhlle the ot her of the neasurenents is made 20 under conditions
su as to be EAFTERH ‘nmore by the concentration of the second flanmabl e
conponent than by the concentration of the first flanmmabl e conponent.

Thi's enbodi ment, yafgé ﬁa§kbgeghgg@l erUse 9fe aRve ha%ﬁﬁE%%Fspectroneter

with two Iom1res ut1on ters t he use o t ilter/detector
conbi nati ons Gﬁagyrem¢ﬂ$ﬁJ§éeoWa%Ftqﬂiﬁﬁl§r¢%ﬁﬂﬁeHSPFlY% Hinsid tpessi bl e for one

nmeasur enent te@nhe Bﬁdﬁqdé&débndﬂﬁbﬂ‘sr @&&hsefﬁhsd tdavd gofsliddens Woile a second
30 neasurenent i s nade %gcross- |t|ve Otgatlon What ever

enbbdi ment i s 1ZGSPERLES qu?ted F@ 6?ﬁt?§) {pef FstePRPned from
know ng the naEUbedofladmablpredmpﬁmwmmxfIthﬁnﬁﬁgEeeouponenms in the gas

m xture and %%ngt}giéléﬁsigﬁigrﬁe s\@fqg:éérzt:d'gc%a@%égoé{eoqg(}gt and
second flammable components can be detected above the
inherent noise of the optical detector. 1In this

15 embodiment, it is preferred that one of the measurements
is made under conditions such as to be influenced more
by the concentration of the first flammable component
than by the concentration of the second flammable
component, while the other of the measurements is made

20 under conditions such as to be influenced more by the
concentration of the second flammable component than by
the concentration of the first flammable component.

This embodiment may be realised by the use of an
infrared spectrometer with two low resolution filters,

25 by the use of two LED/filter/detector combinations or by

the use of a tunable laser.

It is also possible for one measurement to be made under
non-cross-sensitive conditions while a second

30 measurement is made under cross-sensitive conditions.

Whatever embodiment is adopted, the required resolution
may be determined from knowing the nature of the
predominant flammable components in the gas mixture and

35 their IR spectra.



7 Preferably, the concentrations of the first and second flammable
conponents in the gas m xture are neasured by neasuring the optical
absorpti gipoonstate i nfrared region in at |east two di stinecTaamepbiegyyt hs. I n
this case, the 5 optical detector nmay be an infrared spectronmeter, which
acts to detect at |east one of the flammbl e conponents by neasuring
absorption at a characteristic infrared wavelength. 10 Were, for exanple,
the first flammabl e conponent is nmetharde, the concentration of nmethane in
t he gas m xt ureref&rapef etindl gpnreasuseibidy ofeaselrfiingtt Bad optddial

absorption in %Pe iagjrared reeqlit%n.at ) w%\éelmen th of between 1.62 and 1.72
pm or between 3 ABEHF SRS 1B bet vwen 7 DS ARF 8" P S i larly, for
exanpl e, wher em¢dmusiegonte f drtrival ebsexppionenn tle dinffareedttegicancent rati on
of ethane in the .0a% Xt Cadst 1REEl RrAllngiBasurggd tﬂxsr@%@f ipg the 20
optical absorption in the infrared region a? a wavel ength between 1.65 and
1. 8% pm or bet AR FSLERECT IF5PFNFBri HEPREE NS A TRRG T 7L 357K Where t he
gas m xture coptes NS metbaneatndaet hane s thbhefl Amgpiedeshpaidntfsl anmabl e

conmponents, lipes are chosen that _do_not .aover| ap. far gas_specificity, i.e.
a met hane |ine® i & HEsEd %%Sror %Ilg 3t Harfd =4 go?% % ?‘Isl§ﬁaeg"arcl?gi bl e and

vi ce versa. 30wdhelenprénti on al so provides an apparatus for determ ning
the safety of a gas mxture containing first and second flamuable
conponents together with at |east one further flamrable conponent and at
| ea¥t one non- Fhefembicd esaPoentthet Ao HpfdrRMaRsl ¢ GiAFPPEFRY B opti cal
detector 35 tQefRie: atthkbeastcdnmrafias Usemihane nfd uenrcedsbyithae

concent ration 1n the gas, i xture of uthe [1.L5hoa06: 355904, VO 01/57499

absorption in the infrared region at a wavelength of
between 1.62 and 1.72 um or between 3.15 and 3.5 pum or
15 between 7.25 and 8.2 um.

Similarly, for example, where the second flammable
component is ethane, the concentration of ethane in the
gas mixture is preferably measured by measuring the

20 optical absorption in the infrared region at a
wavelength between 1.65 and 1.81 pum or between 3.23 and
3.55 um or between 6.4 and 7.35 pm.

Where the gas mixture contains methane and ethane as the
25 predominant flammable components, lines are chosen that

do not overlap for gas specificity, i.e. a methane line

is chosen for which ethane absorption is negligible and

vice versa.

30 The invention also provides an apparatus for determining
the safety of a gas mixture containing first and second
flammable components together with at least one further
flammable component and at least one non-flammable
component, the apparatus comprising an optical detector

35 to make at least two measurements influenced by the

concentration in the gas mixture of the first and second



8 flammabl e conponents and cal cul ati ng neans pre- programed with data

i ndicative of the lower explosion limts for the first and second

f | ammabl gy emgyanent s and bei ng programred to cal cul at e tbheT/oB80D@36gE

| ower 5 explosion limt of the gas m xture by a nethod based on the linear
combi nation of said nmeasurenents. The calculating means is preferably
programmed to calculate the percentage |ower explosion limt (%EL) of 10
the gas m xture by use of the formula: [A] [B] %AEL = ------- + -
(1) LELA LELBlatkBabherenpahenss tdial gweidsuledirgomeens raté-on of the first

fllamabl e conpangatwmdBlith hhea BasLLed, CONERRLS 3LL0D o.0f JLhs, second
fl ammabl e conponént, LELA is the lower explosion limt for e first
f1 ammabl e conpdéhre, fand 0 TEEEB 37 SRECRSweraBRBILBsForPdterices fod t he

second flamalliagcprppnamied €bhesl@pbieathdaiackatsgyhighcan be used in

t he_present invgntion,lastanfa{ﬁernative to (E) an iQﬂ%;IEd 25
spettromet er, THREPHE® (Y ta8Gi s 5 FeFedte &Y PelSt COMES6R Phe f1 anmabl e
conponent s usitig aibhemadirabdnbigdn ofseefdemeusurearnopti onal optical filter,
the filter and 1ight source conbination allow ng characteristic

wavel engths to pass_through the gas; (iii) devices to 30 detect at |east
one of the fl dffabPecepdiFeREaNTIsiThyraiebratPara rrerd tSource and a
scanning filtefalcltii}e #lavipeesehtadgietieoatraéxpeasinonentd (sher§l apmabl e

conponent s usi a_l aser operatin characteristic absorption
wav®l engt h; (J?ldgﬁFdES“P%%d%Ye%? é$;F§Ss?° %5ﬁe of the flammabl e
conponents using a scanning |aser operating over a wavel ength range

contai ning at |east [A] (]
FLEL e +  emmmo— - (1)

15
where [A] 1s the measured concentration of the first

flammable component, [B] is the measured concentration

of the second flammable component, LEL, is the lower

explosion limit for the first flammable component, and
20 ILELg; is the lower explosion limit for the second

flammable component.

Other optical detectors which can be used in the present
invention, as an alternative to (i) an infrared

25 spectrometer, include (ii) devices to detect at least
one of the flammable components using a broadband light
source with an optional optical filter, the filter and
light source combination allowing characteristic
wavelengths to pass through the gas; (iii) devices to

30 detect at least one of the flammable components using a
broadband light source and a scanning filter; (iv)
devices to detect at least one of the flammable
components using a laser operating at a characteristic
absorption wavelength; (v) devices to detect at least

35 one of the flammable components using a scanning laser

operating over a wavelength range containing at least



WO 01/ 57499 PCT/ GBO /00365 9 one characteristic absorption line; (vi)
devices to detect at |east one of the flammabl e conponents using

correl ation spegsroscopy; (vii) devices to detect at | eapirRiRiIM36k he

f I ammabl e conponents using photo 5 acoustic or photo-thermal spectroscopy;
(viii) devices to detect at |east one of the flammbl e conponents
conmponent using Raman spectroscopy; and (ix) devices to detect at |east
one of the flanmabl e conponents conponent using an LED and detector, with

an optional 1Q,fidhffactbrparid GusarpbyidH afigrr ed (@t eRatiye.is to use a
device capable of neasuring an optical absorgtl on over a range covering

at | east one aBSLFFht i%n iFRAk TI® e *FF r ARG € SCLMBISALE| BFiRD| e
conponent s, suehrmlaa:maapemds&@ey. (vihig |dﬂveaé$01b\&eltlecﬂom‘, be further

descri bed, pu\rﬂlﬁ pyoﬁwggg P %%%581 “E) ngensc %ht Qe acconpanyi ng

drawi ngs, in ure Is a rams ng natural gas
condentrati on mwlé?r@ﬁt Pb‘htctﬁéle%‘}El‘-_ %R%Ht(¥0§§ng arviiinf deyiecks

spectrometer; 2§ fiQuea? 38046 JHelokNfNaradngas SRakijoaedesermned with a
Bi 0- Rad FTS- 60A s}gectrorreter at hl\%g resolution (0.25 cm1l) using a 10 cm

path | ength gaSCRRPIEPtERGEPS B KR e patdment &1 r Bl £8ViFeinto
spectroscopi ¢ datesreasulessntenefofgabe conoenbilat cangorand s Fi gure 4 shows the

conpari son of L ﬁ%(%ﬁéggeggg exP8EnTERE ke I QLS ‘9% @%/ %ggg i onal

variation at a- s concentrati ons. / GBA / 00365
10 10 filter.

A particularly preferred alternative is to use a device
capable of measuring an optical absorption over a range
covering at least one absorption line of the first and

15 second flammable components, such as a scanning laser.

The invention will now be further described, purely by
way of example, with reference to the accompanying

drawings, in which:

20
Figure 1 is a block diagram showing natural gas
concentration measurement on the %LEL scale using an
infrared spectrometer;

25 Figure 2 shows mid infrared gas spectra determined with
a Bio-Rad FTS-60A spectrometer at high resolution (0.25
cm') using a 10 cm path length gas cell;

Figure 3 shows experimental results from spectroscopic

30 measurements of gas concentration; and

Figure 4 shows the comparison of the range of
experimental errors due to compositional variation at a
number of gas concentrations.

35



One nethod of putting the present invention into effect is illustrated in
Figure 1. The gas m xture under investigation is placed in a gas cell 10,
whi ch | swpayils7499f a FTIR (Fourier Transform | nfraRed) speatmoB®Ei0836512. 5
The spectroneter produces a spectrum 14 of the gas mxture which is passed
to a spectrum anal ysis device 16, where the absorption at predeterm ned
wavel engths is examned to gener at e ,get hane and et hane concentration
nmeasurenents M and E respectively. A calculating device 10 18 then

cal cul ates t hen¥ Ebthya use pattihe dher pubsentM invedk Ebn =into effect -------

(2) LELmethane LELethan 15 _apd then displays this resulf to the user at a
di splay devicé égiuibr%?&vﬁﬁ%?%ﬁer g—'regg%p%ac% rméxcg)]flr%a‘%ré Tof three
different conposstiossiomligspbaret Hane gantedll, lierehimaser pdrtusing the
spectroneter for ditier g, qeRCeRIARNSn B ardd)e <HBSESord iN§2 0- 100% LEL
range. The spectra were 25 anal ysed to gl ve a met hane-specific

conZent r at i on Thee §BEFEHRIMCSInBT AT EnEPSPEH™ ilé¢ ebntemtde&t i on

measur enent f gfixeaeh @ascrsdRpbassddhecappapentrurcanabpsidatde@ncen %.EL was

t hen deduced fromthese . nmeasurenents. usin net.hods:. (i) .based on the
met hane 30 med<ur SHEhT Off f%(gé’ﬁﬂ%l ToRY( f?geéirné{%gn‘@vaoﬁ_ hS 1S (3)
LELnet hane 35%:A0i0&d 57« 3@ nRCIt EB®YIRO865nd ldthand CPiyergasedoon t he net hane
plus ethane MEASWLEIRMes M and E respectively. A calculating device

10 18 then calculates the %LEL by use of the formula
M E
$LEL = me—e——- +  mee—e—- (2)
LELmethane LELechane

15

and then displays this result to the user at a display

device 20.

20 EXAMPLES
Infra-red spectra of gases of three different
compositions, plus a methane control, were measured
using the spectrometer for different concentrations of
the gases in the 0-100% LEL range. The spectra were

25 analysed to give a methane-specific concentration
measurement and an ethane specific concentration
measurement for each gas sample. The apparent

concentration in %LEL was then deduced from these

measurements using two methods; (i) based on the methane
30 measurement only (equation (3)):
[methane]
$LEL. 0 --=--—- (3)
LELmethane

35



(equation (4)): [nethane] [ethane] 5 %AEL = ------- + - -- (4)
LELnet hane LELet hane The results of these two nethods were conpared to show
a | ower results for nmethod (ii) than for netho i
Experinen?g{ gﬂtalls The gas m xtures had the conp03|t|on?naﬁggﬁﬁ%ﬁﬁTable
1. Gas conmponent Sanple #1 Sanple #2 Sanple #3 nitrogen 1.72 2.21 0.731
carbon dioxide 0.32 0.8 2.11 nethane 193.55 92.86 86.48 ethane 3.27 3.02
7.47 propane 0.763 0.635 2.5 i-butane 0.122 0.131 0.182 n-butane 0.153
0. 156 0.392 “Rantan 3 2. 0.0003
LEL/ %vol . 4. 89a%§oﬁg4ﬁ5%3%%log %%ag§%%angq$g%!Eﬁ%gﬁ%gwgggF%%%ns i n nmol % of
three art|f|C|quB§§lmﬁl%tdres typical of natural gas. In this table, LELs
have been cal cul ated according to 20 the nethod given by H F Coward and G
WJones in "Limts of flammbility ofH%%:es znd vapou - National Bureau
of Mnes, Bulletin 503 (1952) referre Thi s e%ﬂﬂﬁﬁh ation was
perf%rned usi ng data on t*RELLELs of the WD-01/57499 PCFFGBEX# 00365 (412
i ndi vi dual gas conponents taken from Eweopean St andar d LEEN,50054: 1991. The
natural gases at 100% were bl ended wi th hydrocarbon 5 free air in varying
proportions. The concentration was

The results of these two methods were compared to show a

lower spread of results for method (ii) than for method

10 (1) .

Experimental details

The gas mixtures had the compositions given in Table 1.

Gas component Sample #1 Sample #2 Sample #3
nitrogen 1.72 2.21 0.731
carbon dioxide 0.32 0.8 2.11
methane 93.55 92.86 86.48
ethane 3.27 3.02 7.47
propane 0.763 0.635 2.5
i-butane 0.122 0.131 0.182
n-butane 0.153 0.156 0.392
n-pentane 0.103 0.18 0.13
Cé+ alkanes 0.0 0.0002 0.0003
LEL/%vol. 4.89 %vol 4.94%vol 4.63%vol
15
Table 1: Compositions in mol% of three artificial gas
mixtures typical of natural gas.
In this table, LELs have been calculated according to
20 the method given by H F Coward and G W Jones in "Limits

of flammability of gases and vapours" - National Bureau
of Mines, Bulletin 503 (1952), referred to above. This

calculation was performed using data on the LELs of the



determ ned using a Luft infrared methane anal yser (ADC 0/82/ 35/ H) which
was separately adjusted for the cross-sensitivity to the other conponents
of each ilxfure to give an accurate reading for each 10
act ual %gﬁimégdegach gas mxture was determined fromthe cg%%}g%tﬁlr/%ﬁ;%n of
the sanple gas in the gas m xture. Gas spectra were neasured using a 10 cm
path length gas cell. Spectra were neasured in two regions of the 15
infrared; the near infrared (centred arotthd 1.65 pm) and in the md
infrared (cent . ar d 3 j.se |.i neari rf.ormance of

t he spectronet %I?&m\grdgl%b%% ecro?rlpg%l e%[ % %%ﬁ%eﬁf%ggﬁuorno eﬁge%l,yaﬂp%rtdhe md
infrared regi®h, S&X>4:-RE3%- spectra were used to anal yse gases over 20 a
range of concentrations. However, the analysis could equally apply to the
1.65 pmregion_spectra,_given better s ec%ro ter perfornmance, since these
spectra are ST IBATUEBLt FRES$ §‘tp?ﬁ)gfbe”6%ea ¢HRTTY “Hrr o PEFYSFRFRER t hat
fundanent al vi bred iady) inTeaxganig propditsionishe anal ysicen2ba s mapeat ed f or
the near infrasgt SReeh! 8o0lg 4l et eler 028 ALAHLIAL ST nge (hi gh)
concentration. e anal ysis wou also apply to the reﬁlon of 'known
spectral absorpf3%B/HonyBiah piast seBR sty 80 THeeds feoct Eberet er (Bi o- Rad

FTS-60A) was sgiodd) 2660FFNY, cbothbesdmutarbatiaitsS oieNshéMCidons, for high
resolution md infrared s ectroscog%t. For md %nfrared neasurenments a

hi gh t enper at UFECEafPcItTYIR" §6GPEE dS290E8dt O a Wit baRE KBr beam
spliotter and | aeuad 35EDI of ogeh gesl ekiMTE det eddtarmiakl dfor h@ee opti ons
supplied with . ., K 1 q%\gﬁ 0 57499

PCT/ GBA / 0036584;'1?%83{%§rggg?lﬁlrec%tﬁethgeagg%%w[{. orl}qﬁt[élger agla%f Flg\gte‘gllénbasur enents, a
gquartz hal ogen light source, quartz beansplitter, InGaAs detector and

silica w ndowsgyerfdésed. wdhe r2iaghesd using a 10 cm path length gas

cell. Spectra were measured in two regions of the
15 infrared; the near infrared (centred around 1.65 um) and
in the mid infrared (centred around 3.3 um). The noise

and linearity performance of the spectrometer were
better, at the concentrations used, in the mid infrared
region, so these spectra were used to analyse gases over
20 a range of concentrations. However, the analysis could
equally apply to the 1.65 um region spectra, given
better spectrometer performance, since these spectra are
similar to the 3.3 pm spectra (being an overtone of that
fundamental vibration). To confirm this, the analysis
25 was repeated for the near infrared spectra of different
gas mixtures at a single (high) concentration. The
analysis would also apply to the region of known

spectral absorption from 6.4 pm to 8.2 pm.

30 The spectrometer (Bio-Rad FTS-60A) was set up according
to the manufacturer's instructions, for high resolution
mid infrared spectroscopy. For mid infrared
measurements a high temperature ceramic light source was
used, with a wide band KBr beam splitter and liquid

35 nitrogen cooled MCT detector, all of these options

supplied with the spectrometer. KBr windows were also



avai |l abl e resolution (0.25 cm 1) was chosen.

gases were corrected for cell absorptions and reflections by subt

of a refyayengasspectrum taken with the cell

5 Spectra fromthe sanple

racti on

filled w t hrchvaBonemsdon free

air. For each spectrum a baseline 10 zero was established by interpol ation

of a straight

line between the average absorption in the follow n

regions of the mid infrared: (i) 3.05-81 pm and (ii) 3.65-3.7 p

the foll ow ng

two regions of the near infrared: (i) 1.55 pm- 1.5

(ii) 1.85 pm l&al 180t NgaEhesel ! egiorsavel £ eheseRehOirdh8its, a

i nsignificant

measur ement s V8P tEabRT TR

| evel s. o absgﬁgglon for natural Met hane and e

hetPHhre + SRAHGE (TS RBL AR r 1rHeran

g two
m and in
9 pm

t hane
sorption

at one char actezreicsbir cand\sdllengt Wiindors @spendiary t GhanhRfheaysor ption |ine

of that gas.

'%ftéﬁgbﬂgdréﬁmaeg {®r2s %H?aagsacﬂ@s\é%l ength of 3.16

chosen, and 3.

pm for ethane. The absorption of nethane at 3.1

wasSrelatively low, which mnimsed the non-linearities at high
concentrat i onsggli@ rhof S&h What lsampzaé f@cste& aeisi fgrr2orbaomBern'is Law. In

contrast, the
to naxinise t

bsor ption of. et was re atlvel hi
SoFPgHgHe &bndn&g e?ajtcf %gr &%l%acst6§m 8%, % whi CK ocg

rel atively | owdfisarhcti ssedtrumat tiakdn gash Gnascsalderﬁsilile@lwigtmhecks

est abl i shed t

wavel engt h was ~ neg

déofagrkeeée&re%f 2i30. eﬁcrm%cﬂbé,%s@émn atpide et hane

i gl Vi ce versa hi's techni que,

i ngorunment al zegw® M@Eeaﬁ%ﬂﬁﬁhsp?dmﬁx %&Hﬁ%BPﬂéh%RFtQ§ Bestzatpht ding.

| evel of repeatahident yné Odvea.ra@@pgss&ﬁm@d ifethe GoNtaivbhdigwd 5% net hane
(50%.EL) was sim| arl fou eIo W f, the neas re nt.
éﬁet dép\t{ved B

near i nfrared 3p&Ss

643 Dk 01

PCT/ GBA / 003653 .65-3.7 pm, and in the follow1ng two regions of the

15

20

25

30

35

near infrared: (i) 1.55 ym - 1.59 pm, (ii) 1.85 pm -
1.90 pym. These regions were chosen for their
insignificant levels of absorption for natural gas.
Methane and ethane measurements were each established by
taking the height of the absorption at one
characteristic wavelength, corresponding to an
absorption line of that gas. In the mid infrared for
methane a wavelength of 3.167 pm was chosen, and 3.348
pm for ethane. The absorption of methane at 3.167 um
was relatively low, which minimised the non-linearities
at high concentrations due to saturation effects arising
from Beer's Law. In contrast, the absorption of ethane
at 3.348 pm was relatively high, chosen to maximise the
signal to noise ratio for this species, which occurs in
relatively low quantities in natural gas.
Cross-sensitivity checks established that the level of
ethane absorption at the methane wavelength was
negligible, and vice versa. Using this technique, the
instrumental zero repeatability was established to be
<10* em?. The level of repeatability for a repositioned
cell containing 2.5% methane (50%LEL) was similarly
found to be below 1% of the measurement. In the near

infrared, the same approach was adopted, with 1.643 um

7 pm was
67 pm

h, chosen
urs in

t he
The

In the
[/ 57499



14 chosen as the net hane neasurenent wavel ength and 1.683 pm chosen for
et hane. EXPERI MENTAL RESULTS 5 A typical md infrared spectrum of natural
gas, neagly ftkr4g¢si Ng the FTIR spectroneter, is shown in FRp@pERoroosdd SO
shown are neasured spectra of pure nmethane in air and of pure ethane in
air. The cal cul ated baseline zero has been subtracted in each case. 10
These spectra were analysed in the fol ¥ ng way. The height of the gas
absorption lines at the wavel engths indicated above (characteristic of

methane and elhage) adige. houfithd rn%@shb@mé@@m%geﬁggons 11pese 15

measur enents were proportional he gas concentr éxcept that at
hi gh concent r & 6RSS®t foﬁ?e?ﬁaﬁ%e a small level of instrunental
non-linearity caused a slight non-linearity in the measurenents. These

measur enent s di ng to the 20 follow ng equations; (i)
Response R = M%PF%?‘M%SL gggﬁ%’ﬁé = aM + bE 25 where Mand E are the
measur ed spectr aypabsbmptd onsrated W@v&etaurgtch‘s rxaonreSpgmadi ngataréde net hane

and et hane at&g LAt {00 drRespebeshesti-vel Y it dnapd hane Jbration
factors that (f% ?e t he aIbSO!i’)%tl on levels at 30 tﬁose vvavel eng?‘tlas to gas

concentrati on§h°WHea¥/%1l“lfé‘SBFe‘é SRS TaePErPHTfe Mebiaref &t éiceand ¢he results

for the net h@ﬂQeC@ﬂﬁd&l 1nTBErVa|'1t-lféSc§ﬂ.c@-15&_fHﬂi Bawer encaldrbr aked by
reference to OIF]V@ ts ogc nmet hane and et hane in each m xture. For
mdinfrared 5?8 S‘t1 a\ﬁa'fleues Wt 585Chosen to be a = 39.2 and b = 1.41.

Foro near infrared
These spectra were analysed in the following way. The

height of the gas absorption lines at the wavelengths
indicated above (characteristic of methane and ethane)
were found from the measured spectra. These

15 measurements were proportional to the gas
concentrations, except that at high concentrations of
methane, a small level of instrumental non-linearity
caused a slight non-linearity in the measurements.
These measurements were analysed according to the

20 following equations;

(1) Response R = aM

(i) Response R' = aM + bE
25
where M and E are the measured spectral absorptions at

wavelengths corresponding to the methane and ethane
absorption lines, respectively, and a and b are
calibration factors that relate the absorption levels at
30 those wavelengths to gas concentrations. The value of a
was determined by reference to the results for the
methane control. The values of a and b were calibrated
by reference to the known amounts of methane and ethane
in each mixture. For mid infrared data, the values were
35 chosen to be a = 39.2 and b = 1.41. For near infrared

data, the values were a = 494 and b = 1237.



data, the values were a = 494 and b = 1237. WO 01/57499 PCT/ GB01/ 00365 15
The results in Figure 3 show the neasured EL (R and R ' fromequation
(5)) for waGhs9@s m xture versus the reference %EL, for PdTeGBMAMOIBASES (i)
nmet hane-only based 5 neasurenments and (ii) nethane plus ethane based
measurenents taken in the md infrared. The spread of results for nethane
pl us et hane neasurenents is clearly h | ower than for nethane-only
measurenents. A small anount of instrunmental non-linearity can be seen to
10 affect results for high nethane concentrations, for all the natural

gases and the net hane ont.ro Slearly be see hat, the spread of
the results fop%edFFF% eht” IFlgcorrp03| T oﬁ@el%eagpéﬁfgfr&ééé’nﬁﬁzy rgduced f or

method (ii). ¥ Afcomqa$anca$1) bearadachetase avixtee erqusiusi hhe he

measured %EL far-.eagh. GamSanBl ey ttk»ot bgs&sr@n mBchdiee-JmiLhangegontrol,
by subtracting the lafter fromthe forner._ This takes account of the

i nst¥unental nOWABOTERPRE A Pedit hAletRPPECPEY (HEaPEskATe at hi gh et hane
concentrat i ons.gRehl-kadedk g&&eﬁt&mctafdjsuapeﬁffawetdhat Thega@xdaetiecfor s nust be

able to perform unq§§ ?(Lr esuglem figd itions, rather th %e%l fying a
e 5 on

mean perfor marmfceY Theretork,; "1 i he range of CONPOSi ariation
errors has beemydhofibeelr i thaF ggremmthaamhenlﬂmﬁmtfﬁeemn ér soplior each

concentration. Methangs s RERBDE Ihﬁﬁqqnggeﬁw eaBNts have ¢l early reduced
the range of errors conpared to nethane-only neasurepents in the md

i nfiered. Furt difesteres i thdonedioh FiIStRPBE {IREBGTRERYR® off 9Br 8bdrti onal
errors was si md hgchegucpagebr ant 8% tetAdme Tduisrolhe ®f fdagacy of the

technique for measyrepents made, in both Lhe pidd glrgred and near
different gas compositions is significantly reduced for
method (ii).

15
A comparison can be made between the error in the
measured $LEL for each gas sample with the error in the
methane control, by subtracting the latter from the
former. This takes account of the instrumental non-

20 linearities that affected the results at high methane
concentrations. Published gas standards specify that
gas detectors must be able to perform under all
specified conditions, rather than specifying a mean
performance level. Therefore, the range of composition

25 variation errors has been plotted in Figure 4 rather
than the mean error for each concentration. Methane
plus ethane-based measurements have clearly reduced the
range of errors compared to methane-only measurements in
the mid infrared. Furthermore, in the near infrared the

30 range of proportional errors was similarly reduced from
8% to 4%. Thus, the efficacy of the technique for
measurements made in both the mid infrared and neaxr

spectual regions 1is confirmed.



spectual regions is confirnmed. WO 01/57499 PCT/GBO /00365 16 CLAIMS 1. A
nmet hod for determning the safety of a gas mxture containing first and
second f%ﬁgﬂﬁ?; conponents 5 together with at |east one GpridiRioddsgnmmabl e
conmponent ~and % | east one non-fl ammabl e conponent, conprising using an
optical detector to nake at | east two neasurenents influenced by the
concentration in the gas m xture of thﬁ first and second fl anmabl e
conponents and 10 cal cul ating the perce Page | ower explosion limt of the
gas m xture by a nethod based on the gg&!gation of the neasurenents. 2. A
met hod according to claim1, wherein per cent age | ower expl osion
limt of the gas mxture is calculated by a nethod based on the |inear
conbi nation of the neasyLeBtsS getghﬂgﬁg'dtggqgﬁgkggo%o %%?Iﬁ]Z wher ei n
the 20 percentage |ower explosion [imt (9%EL) of gas Xture is

cal cul at ed by H4EtBFe (IRNLRIFADP af 1SA] 2pd] SeogrE) fiammakle components - (1) 25
LELA LELB wher Qobé\]:hdaﬁ die det esddeteC oREE &uhﬁrﬂamfe thepbhest flammable
conmponent, [ B] ? d%&egggned coneen gi&gp t he second fl ammabl e
conponent , LELi I's ower 30 expliosron- | TM PnFBF t HEHFSPIf | ammabl e
conponent, andusLEuBnnsnﬂh@aﬂo@ﬁﬂeqapglOQimnkdlamlﬂeé@ntnhe second flammuable
conponent . ggapgger&%c%@mgnééa BYY t RE &Celicng £l Alm; %g%“% £in said
first and secong | anmabl e conponents”are 01/57499 PCt 0365 17

mixture of the first and second flammable components and
10 calculating the percentage lower explosion limit of the

gas mixture by a method based on the combination of the

measurements.
2. A method according to claim 1, wherein the
15 percentage lower explosion limit of the gas mixture is

calculated by a method based on the linear combination

of the measurements.

3. A method according to claim 2, wherein the
20 percentage lower explosion limit (%LEL) of the gas

mixture is calculated by use of the formula:

$LEL . + el __ (1)
25 LEL, LELg

where [A] is the determined concentration of the first
flammable component, [B] is the determined concentration
of the second flammable component, LEL, is the lower

30 explosion limit for the first flammable component, and
LELy is the lower explosion limit for the second

flammable component.

4. A method according to any preceding claim,

35 wherein said first and second flammable components are



t he nost predom nant flamrabl e conponents in said gas mxture. 5. A nmethod
according to any preceding claim 5 wherein the gas mxture is derived
from nat ww@bi/ggase 6. A nethod according to any precedi ngpCt/&Ba1/003gther ei n
two measurements are nmade under conditions such that each neasurenent is

i ndi cative of the concentration 10 of one of the flamuabl e conponents but
substantially not influenced by the concentration of the other of the
first and second flamabl e conponents. 7} A method according to any

precedi ng cl aighe ®bswhereiohihuat NERstHaBIENESnphenfBden Uder gagndi tions such
that each neasurenent is influenced by the concentration of both the first
and second fl bre: conponents. 8. A method according to claim7, wherein
one of 20 the neasurenents is made under conditions such as to be

i nfluenced nore by the glgegg@ta[&rolrggn frd Q@lyf bteteafdpable conponent than
by the concentration of the second ammabl e conponent, while the other of

theS neasur engfedeis ﬁ]&%@aﬁ’nﬂé?‘t‘(‘:’iﬁl&st ARL Ve A ORs RRBUERYL P8Si-nf | uenced nor e
by the concentration of the second flamrable conponent than by the

concentration of the fir comaonent thod according to
claim?7, wher e6|0n the "30° g%?\%:e mrT%tgllg S anP’hBr?(f?(is mé s€tond flammabl e

corrponent S i n wHegregastwd Xte@seramentife 256r @eld@ymﬂ?efsgpn@gtlm sophi cal

absorption in e LALhahadeRALRR id) idldichessd Jvwendi séAnglcWRYsh engths. 35
10. A met hod accordi ng to any preceding claim_  wherein the first flamrmabl e

coiponent is rhdt REREO V@%fﬂ&?ﬂ@@?@ﬂ‘@@ﬂ%% syBsgantigldyt RBY accordi ng
to claim10, whgneeActhey chrCestdatbiratioh oRtthanethartde wgas m xture is

measur ed first and second flammable components.

7. A method according to any preceding claim,
15 wherein two measurements are made under conditions such
that each measurement is influenced by the concentration

of both the first and second flammable components.

8. A method according to claim 7, wherein one of

20 the measurements is made under conditions such as to be
influenced more by the concentration of the first
flammable component than by the concentration of the
second flammable component, while the other of the
measurements is made under conditions such as to be

25 influenced more by the concentration of the second
flammable component than by the concentration of the

first flammable component.

9. A method according to claim 7, wherein the

30 concentrations of the first and second flammable
components in the gas mixture are measured by measuring
the optical absorption in the infrared region in at

least two distinct wavelengths.

35 10. A method according to any preceding claim,

wherein the first flammable component is methane.



by neasuring the optical absorption in the infrared 5 region at a

wavel ength of between 1.62 and 1.72 pmor between 3.15 and 3.5 pm or

bet ween o%75#96 8.2 pm 12. A nmethod according to any @GIuEB01r0g363| ai m
wherein the second fl anmabl e conponent is ethane. 10 13. A nethod according
to claim 12, wherein the concentration of ethane in the gas mxture is
nmeasured by nmeasuring the optical absorption in the infrared region at a
wavel engt h between 1.65 and 1.81 pm or 185 between 3.23 and 3.55 pm or
between 6.4 and 7.5 pm 14. An apparatus for determining the safety of a

gas m xture contai ni first. and second flamrahl e conponents together with
at |east one ttrther IQﬁ%%ﬁgI%cfﬁfé§§ gﬁe%f5¥ﬁ1 Oatwﬁgﬁsrlgﬁf non- f | ammabl e
conponent, theonapparatios commthshagimrtrheporeatigetectiormemsymde at | east

first and < . 158" 8§1 C 8hi [ stRes m xture of the
o) SndLUEACER. RpeliBE1 CONLRRLEBHI BN ) ihhea pas

first and s . conponents and cal cul ati ng_nmeans pre-progranmed
Wi h 25 data Feghigatitve BRVLHFEIEwer R&GHE6E onfFidRd & -ForMR ¥ first and
second fl amraple,LoMponenisd and hei 85 bguweghames 4rpl gabcwhat e t he
percentage | ower explosion limt of the gas m xture by a nethod based on
the conbination of said nmeasurenents. 30 15. An apparatus according to
claim 14, wherzin ther msihod attrxdinsane &8y mrspedangdctaimal cul ate t he

per cent age | oper expl asi 0B-bidrid sffab € GABOAEXE U dviade . Met hod based on
the |inear coﬁ%%ﬂatlgn of %aid 3§ n%asureneﬁts. WO 01/%7299 PCT/ GB01/ 00365

191016. An apparatus according to claim15, wherein the calculating neans
is programmed;to cal cyl@dhddh@ccording to claim 12, wherein the

concentration of ethane in the gas mixture is measured
by measuring the optical absorption in the infrared
region at a wavelength between 1.65 and 1.81 um or

15 between 3.23 and 3.55 pm or between 6.4 and 7.5 um.

14. An apparatus for determining the safety of a
gas mixture containing first and second flammable
components together with at least one further flammable

20 component and at least one non-flammable component, the
apparatus comprising an optical detector to make at
least two measurements influenced by the concentration
in the gas mixture of the first and second flammable
components and calculating means pre-programmed with

25 data indicative of the lower explosion limits for the
first and second flammable components and being
programmed to calculate the percentage lower explosion
iimit of the gas mixture by a method based on the
combination of said measurements.

30
15. An apparatus according to claim 14, wherein the
calculating means is programmed to calculate the
percentage lower explosion limit of the gas mixture by a
method based on the linear combination of said

35 measurements.



percentage | ower explosion limt (%EL) of the gas mxture by use of the
formula: 5 [A [Bl %AEL = ------- + o---- - (1) LELA LELB 10 where [A] is
the neas centration of the first flammable conpong@f,cebfAesss the
neasuredgﬁgﬁ%gggﬁation of the second fl ammabl e conponent, LELAﬁ?s t he

| ower explosion Iimt for the first flanmabl e conponent, and LELB is the
| oner explosion limt for the second 15 flammabl e conponent. 17. An
apparatus according to any one of cIaH 14 to 16, wherein said optical
detector is an Jnfrargg gelrometer. 3 n;apparatus according to any
one of clainsnTa to 17,a%Eere{n saigropt?é%1cﬁé%ec#%rmpgrglﬁeg?%e capabl e
of measuring aFRIOPHLREART PSSP EF oPF SFEATMEdr Bpgea kM eERnghe at | east one

absorption |'ingfenthgelidwdr angisecand i25:f amEmbloe epanppents.

mixture by use of the formula:

(Al [B]
%LEL = | e e — - 4+ e ma— (1)
LEL, LELy
10 where [A] is the measured concentration of the first

flammable component, [B] is the measured concentration
of the second flammable component, LEL, is the lower
explosion limit for the first flammable component, and
LEL; is the lower explosion limit for the second

15 flammable component.

17. An apparatus according to any one of claims 14
to 16, wherein said optical detector is an infrared
spectrometer.

20
18. An apparatus according to any one of claims 14
to 17, wherein said optical detector is a device capable
of measuring an optical absorption over a range covering
at least one absorption line of the first and second

25 flammable components.



