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ABSTRACT

Major andminorcomponentsof naturalgas areroutinelyanalyzedbygas chromatography
(GC), using a thermalconductivity(TC). The best resultsobtainedbythese methodscan reportno
betterthan 0.01 molepercent of each measuredcomponent. Even the extendedmethodofanalysis by
flame ionizationdetectorffID) can only improve on the detection limitof hydrocarbons.The gas
industry needs better informationon all trace constituentsof natural gas, whether nativeor
inadvertentlyaddedduringgas processingthat may adverselyinfluence the operation of equipmentor
the safety of the consumer. The presence of arsenic and mercury in some gas depositshave now been
documented in internationalliteratureas causingnot only humantoxicity but also damagingto the field
equipment. Yet, no standardmethodsof samplingand analysisexistto provide this much needed
information.

In this paperwe report the resultsof a three-yearprogramto developan extensivearrayof
sampling and analysismethodsfor speciation and measurementof trace con_ituents of naturalgas. A
cryogenic sampleroperatingat near 200K (-99°F) and at pipelinepressuresup to 12.4x10ePa(1800
prig) has been developedto preconcentrateand recoverall trace constituemswith boilingpoints above
butanes. Specific analyticalmethodshave been developedfor speciatingand measurementof many
trace components (correspondingto US EPA airtoxics) by GC-AEDand GC-MS, and for determining
various target compoundsby other techniques. Moisture, oxygen and sulfur contents are measuredon
site using dedicatedfield instruments. Arsenic,mercuryand radonaresampledby specificsolid
u_rbems for subsequent laboratoryanalysis.



INTRODUCTION

The deregulationof the gas industry in the United S_ has caused some _ over theuniformityof
gas quality andtheirenvironmentaland processing implications. C_,omamin_ionsfrom various sourcesmay
occur and transportthrough pipelinesystemsmay cause a wider spreadof theexistingproblems. In order to pre-
ventthesepotentialproblemsfrom happeningthe pipelinenaturalgas from various sourcesshouldbe surveyedto
assessthecurrentsituationandtopredictandpreventtheunforeseendifficulties.

Routineanalysisofprocessednaturalgasfor calculationof beatingvalue,specificgravityand
compressibility(compressionfactor)hasnov,'beenestablishedaszn ordinaryandnecessarymeasurement
practice by the gas industryworld-wide. Automatedgas chromatographs,whicharenow a shelf itemfrommany
manufacturers,providetheneededgas compositionwith acceptableprecision(repeatability)andeven good
accuracyif calibrationgas of known uncertaintyis used. These routineanalyses,however,provideinformation
ordyon majorand minorcomponents, i.e. N2, CO2, paraffins from Cl throughC5 and all otherhydrw.za_ns
above C6 (C6 plus) as if they werea singlecomponent. The lowest level of concentrationaffordedby this
routineanalysis is about0.01 mole percent.

Below this 0.01 mole %may lurk a whole populationofgas componentscoUectivelyclassifiedas trace
constituents.The majorportionof traceconstituentsare naturallyoccurringspecies such as tracesofparaffmic
and aromatichydrocarbons,H2S, organicsulfurcompounds(thenaturalodorants),andtracesofH2 andHe.
Amongthem, the increasinglevels of carbondioxide,watercontent,0 2 andheavyhydr_ns arepresenting
dean-up problemsfor LNG plantoperators. Arsenicand mercuryhavebeenfoundin somenaturalgas deposits.
Thepresenceof arsenic_ notedwhentriallq,larsinesulfides,as a whitedeposit,was found on pressure
regulationdevices in naturalgas distributionlines. Mercur3'was detectedm Groningengas afterhaving
accumulatedm naturalgas liquids recoveryvessels and again,in Algeriabecause of theextensivedamageit
causedto the aluminumheat exchangersof SkikdaLNG plant. Thereare also othertrace species in processed
naturalgas which areinadvertentlyaddedby gas processingoperationssuchas tracesof various amines,
ammonia,NOx, formaldehyde,halocarbons,mercury(frommercuryspills), etc. Formaldehydeand oxides of
nitrogenwere d_ afterthey were relatedto odorfadingin odorizednaturalgas.

Whateverthe sourcesof these components, it is to thebenefitof thegas industryto obtainthe required
informationon the qualityof gas to avoidany potentialproblems. To providethis typeof information,m August
of 1989 the Gas ResearchInstitute(GRI) sponsoreda programat]GT to developa safe samplingschemeand
necessary anal)_cal methodsto surveythe concentrationof all constituentsof naturalgas, specifically those
compounds likelyto be found in natural gas that also appearon the EPA list of air toxic substances. This survey
soughtto providecomprehensivegas qualityinformationon processednaturalgas from severalimportantgas
producingareas of U.S. and Canada.

The workof thistraceconstituentssurvey includeformulatinga list of targettracecomponentsrequired
forthis programin referenceto the list of hazardousair pollutants,devisinga naturalgas samplingumn and
samplingproceduresto preserveand preconcentratetraceconstituentsin naturalgas for subsequentanalyses,
developinganalyticalmethodsforboth fieldand laboratoryapplications,and finallycollectingsamplesfrom
variousselectedsites and analyzingthe samplesto compilea database for the gas industry.



RESULTS AND DISCUSSION

Many typesofsclcclzxltarg_componentslistedbclo_'arcroutinelymeasuredinthisprogram.
However,thechara_rizationandquantitationisnotlimitedtothosecongxmentsinthelist.Any other
componentfoundinthesc_g analysis,whichisconductedfirst,willalsobec_ andits
=oncentrationmeasured.

• Non-hydr_arbons:He,H2,0 2,N2,CO,CO2,H20,As,Hg
• Hydrocarbons:CI-C14paraffins,C2-C3olefms,BTEX, PAH
• Oxygenalodcompounds:Acetone,methanol,glycols,aldehydes,phenols,cresols
• Niu'ogencompounds:NH3,NO/NOx,amines,N-hcterocycles
• Hal_ns: Freonsandlandfillgascomponents(Cl'C3,cyclic,aromatic),PCBs
• Sulfurcompounds:H2S,SO2,COS,CS2,mcrcaptansandderivatives
• Organomctallics:VolatilecompoundsofAs,Co,Cu,Fe,Ge,Hg,Ni,P,Pb,Sb,Sc,Si,Sn
• Others:NORM (NaturallyOccurringRadioactiveMaterialsincludingRadon)

Processedgasesfromvariousgasproducingareas,representingdifferentsingleormixedgeological
fommtionsm theUnitedState_aresampledateithertheinlc'tortheterminusofNG pipelines.

Thefollo_ingtypesofsamplesarccollectedateachsite:

• Wholegassamples
• Liquefiedfractions(cryogenicsamplingtrainat200K)
• I.e,angas(afterthecryogenicsampler)
• Particulatesamples(ifpresentonthesamplingtrainfilterup-streamofsampler)
• Pipelinecondensate(whenavailable)
• Pipelinedeposits(frombrush-piggings,ifavailable)

Samplesarecollcc/_lusingdiffcrenlsamplingtechniquestopreserveand/orpr_,onccntratethe
r,ompoundsofinterestforlateranalysisinlaboratory.An automaticinsertionprobefromWclkerEngineeringis
_scdtoplacethetipoftheprobeatthecenterthirdofthepipelinetoassurerepresentativesampling.A
_proportionalsamplerfromWelkerEngineeringisalsousedtosamplepipelinegasoveralongspanoftimeto
r,ollectarepresentativewholegassample.Gascylindersinternallycoatedwithphenolicresinan:usedtocollect

samples,insuring the integrityof the reactivecomponentsof thegas sample,such as sulfurcompounds.

Fortraceorganicconstituentsacryogenics3'_ whichopcmlcsat200K(-99°F)andatlinepressures
upto12.4xi06Pa(1800psig)hasbeenemployed.Thesystemisdesignedtocondense,preconcentratcand
recoverallcomponentsthatboilabovebutane'sboilingpoint.Thiscryogenicsamplerusesaheatexchangecoil
madeofapproximately10feetofI/4inchO.D.316S.S.tubingwoundinahelicalform,whichisattach_toa
singleended150-ml316S.S.samplecylinderthroughaTecconnector.Thegasflowsdown_'an:lthroughthe
ooilandcylinderandexitsthroughastraightS.S.tubing.Two shut-offvalvesareinstalledateitherendofeach
robingabovethelevelofchillingfluid.



An immersion cooler (FTS Model FC-100) is used for constant temperature control ofthe cryogenic
bath containing one part of methanol and 3 parts of isopropanol. Dry ice is used to azceleraxe the cooling rate
and to reach the desired cryogenic temperature quickly. A Honda EM2200X electric gmermar is used to provide

all power required for the immersion cooler and other field operations, if electric services is not available at a
givmsamplingsite.

Solid sorbent are used to collect mercury, arsenic and radon in field for subsequent analysis in the IGT
laboratory. Mercury is sampled at a flow rate of IL/min using two 6ramID sorbent tubes packed with 2.5 cm
length of 1%gilded silica beads connected in series, and mmsmed by thermal desorption with _ous attmfic
spectroscopic detection. Arsenic is sampled at a flow rate of llJmin with a 6ramtube packed with two 4 cm

sections of either the HGR carbon or the FECL (25% FeCI3) sorbent, and determined by X-ray fluorescence
(XRF) and atomic spectroscopic techniques, respectively. Radon is collected at a flow rate of 1.2L/mm with two
2"x3" carbon cartridge and measured by Gamma ray spectroscopy.

A hygrometer from Stephens Anal)_ical is used for moisture determination in a range of 10 to 6000
ppmv. The DeltaF traceoxygenanalyzerisusedwithanAscaritescrubbingtubetoremoveCO 2 interferents
fromthetestednaturalgas.Thison-lineinsmm_cntprovidesanaccurateandfast_t ofoxygenwitha

rangeof Ito1000ppmv. A Scmtrexsulfuranalyzer,ModelOVD-229,fromHeathConsultants,Inc.isusedto
monitortheconcentrationofodorantsandH2S innaturalgasata concentrationlevelof 0.1-10ppmv. An
¢_ended-framevan,a FordEconolme150,isfittedwithrackstocarrysamplingdevicesandmmfiwring
instrumentstothefield.

Inthelaboratory,thecryo-trapsamplecollectedinthefieldisexpandedtwiceat0°C and25oc. The
residualcondensateinthetrapisrinsedandrecoveredwith5 ml ofhcxadccane.Selectedsamplesofwholegas,

pipelinecondensate,expansiongas,cryo-Uapcondensateandwashingsareanalyzed.The compositionofthese
samplesarescreened,characterizedandmeasuredaccordingtothefollowinganal_icalprocedures.

• AS'I'M 1945and 1946 mcthods for major and minor components in gas
• Modified GPA extended hydrocarbons analysis with capillary GC column

• Target halocarbons analysis by GC-ELCD (Hall-Effect)
• Trace sulfur compounds analysis by Flame Photometric Detector (FPD) and/or Sulfur

Chemiluminescence Detector (SCD)

• TargetmtrogcncompoundsanalysisbyGas Chromatograph-AtomicEmissionDetector(GC-AED)

• Targetoxygencontainingcompoundsanal_isby GC-AED andby amodifiedEPA TO-Il
analyticalmethoddevelopedforaldehydesandketonesinair

• ElementalspociationbyGC-AED
• Compound identificationbyGC-Mass Spectrometer(GC-MS) analysis
• PAHs analysisofcondensateandwashingsbyHPLC
• PCBs analysisofcondensateandwashingsbyGC-ElectronCaptureDetector(GC-ECD)
• NO/NOx analysisofwholegassamplesbychemiluminescence

Gas chromalographsequippedwithavarietyofcolumnsanddetectorsforspecificanalyticalpurposes
areusedforthisprograminIGT laboratories.Two standardGC columns,DB-5 andDB-Wax columnsare

employedforanalysiso,fnon-polarandpolarcomi',_)unds,n:spccfively.GC-AED andGC-MS an:twomost



imporumttechniquesforqualitativeidentific_ion and measurement of uncommon trace spomcs. Laboratory
preconcentration techniques are utilized, when needed, to separate imefferents from the tan'_le and to improve
the detection limits for givcn components.

,a

To date, we have successfully completed our survey work ofthe following gas producing areas:

¢

• On-shore Texas-Louisiana Gulf Coast • Appalachian
• Off-shore Texas-Louisiana Gulf Coast . Appalachian shale forma_on
• Alabama coal-seam • Illinoisbasin
• Abo Field - New Mexico . M/d_ental
• Anadarko Basin . San Juan Basin

• Arkoma Basra • Wyoming gas
• Permian Basin * Rocky Mountain

• Canadian gas

Survcs' results plus field operating data, sampling paramctsrs and other pertinent information arc
prescnwd later in this report.

CONCLUSION AND SUMMARY

A project, sponsored by GRI, _ initiated to develop a setof sampling and anal_cal schemes m survey
• e concentration of all measurable trace cons'tRuents of natural gas that may'be of operational or environmental
Concern.

Man)' sampling and anab_ical techniques have been developed in this program to characterize and
measure natural gas trace cons_tucnts. Specific anab_ica] methods have been developed for speciafin8 and
measuring trace components by C-C-AED and GC-MS, and for determining various target compounds by' other
techniques. Moisture, oxygen and sulfur contents arc measured on sRe using dcdi_ field inslxuments.
Arsenic, mercury and radon are sampled by specific solid sorbcnts for subsequent laboratory analysis. A long
tim of other components of mtercs'tare measured in the cryogenic condensate and whole gas samples.

We plan to publish, in a single volume, all of the sampling and anab_ical methods that were developed

for this project in late1993.

A shortlistoftargetcomponentsthatwe aresurveyingatthepresenttimearelistedm TableI.

Table2.presentsdataontheconcentrationrangeofthevariouscomponentswe havemeasuredin
processed natural gas sampled from above 15 producing areas.



Table 1. Short List of Target Components And Their Method Detection Limits

NON-HYDROCARBONS MPl ] _ 2 NoN4n_Roc_oNs MI_ I_4

OxygewmonitoL ppmv 1 5 Arsenic- FECL, ttg/m3 5 15
Oxygen,C-C,% 0.03 1 Arsenic-HGR, ttg/m3 50 10
]Nioisture,ppmv I0 5 Mercury,p_m 3 0.0l I0 t.

Helium,% 0.002 1

Hydrogen,% 0.002 1 NO, ppmv 0.05 I0

Nitrogen,% 0.03 l NOx,ppmv 0.05 I0 ,
Carbondioxide,% 0.03 l Radon,pci/L 1 15
Carbonmonoxide,% 0.03 1 _.

MAJORm'DROCA_.O_S _ REY._ _C5PLUSHYDROCARBONS3 MDL

I%1 AliDhatics [ppmv]

Methane 0.03 2 Cyclopcntane I 3
Ethane 0.03 2 I-lexanes 0.2 5

Ethcnc 0.03 2 Methylcycl_tanc 0.2 5
Ethyne(Acetylene) 0.002 2 Cyclohexane 0.2 5

Propane 0.002 2 l-lcptanes 0.2 5

Prolx'ne 0.002 2 Methylcyclohexane 0.2 5

Propync 0.002 2 Oclancs 0.l l0

Propadiene 0.002 2 Nonanes 0.l I0
i-Butane 0.003 2 Decanes 0.I I0

**-Butane 0.003 2 Undecanes 0.1 I0

i-Butenc 0.003 2 Dcxiecancs 0.1 I0
iso-Butene 0.003 2 Tridecancs 0.1 I0

trans-2-Butene 0.003 2 Telradec,anes 0.1 10

cis-2-Butenc 0.003 2 AmrnaliCS
Butadiene 0006 2 Benzene 0.2 I0

neo-Pentane 0.001 2 Toluene 0.1 10

i.Pentane 0.001 2 Xylenes 0.1 I0
n-Pcntanc 0.001 2 Ethylbenzcne O.1 I0
Pentenes 0001 2 C3-Benzenes 0.I I0

C6 Plus 0.002 5 Naphthalene 0.I I0
PAils 0,02 10

SULFURCOMPOUNpS MDI Bff.4 HALOCARBONS MDL ___
Ippmv] [p_vl ,

!

Hydrogensulfide I(0.I) 10(10) 7 Freons 0.05 7
Sulfurdioxide 0.02 5 Vinylchloride 0.05 7

5Mcrcaptans 0.02(0.]) 5(I0) 27othertarget_unds 0.05 7

5Sulfides(COS,DMS,etc.) 0.02(0.1)5(10) PCBs(Arochlors) 0.01 15 "

16 Disulfides (CS2,DMDS,etc.) 0.02 5 PCBs(Congencrs) 0.001 15
3 Tnntlfides 0.02 5

tt

SAmnmtics(Thiophene,etc.) 0.02 5
Th/ophane 0.02 5

Note:GC-FPDorC,C-Chemiluminescence, Note:Volatile hal_ byC._-ELCD& GC-MS

( )denotesbyScmu-exOVD-229 PCBsby GC-ECD & GC-ELCD onumdcnsatcsfromcryu-U'ap.



Table I. Short List of Target Components And Their Method Detection Limits-p.2

NJ'I_OGEN .,..:_OMPOUNDS _ _ QX"YGENATES _

Ammonia 2 15 2 Alkene Oxide ! 12

12 Alky] amines 0.5 10 $ Aldehydes (Formaldehyde.etc.) I(0.01) 12(10)
Ae_oni_ile 0.5 I0 Methanol I 12

2N_les (pyridme& 0.5 I0 Acetone I(0.01) 12(I0)

pyrrole)
2F.._mnolamines 0.5 10 3Glycols l 12

Malei¢ Anhydride 1 12
Phenol & 3 Cresols 1 12

Note:Cryo.-tmpGC-AED analysis,Stabilwax-DBcolumnfornflrogenjmdDB-Wax & DB..5foroxygen,
()denotesMDL andRP% ofaldehydeandketoneanalysisbyDNPH/HPLC.

]ELEMENTAL SPECIATION (C3-C14on])'4) _

XRF/HGR ANALYSIS:5 (AtomicWeight>14) 100 [pg/m3] NA

GC-AED ANALYSIS:6 Bromine 0.1 {j_:nnv] 10
CI,Jorine 0.2 I0
Fluorine I 15

Nitrogen 0.I I0
Oxygen I 12

Phosphorus 0.01 12
Ann'mon)' 7 O.1 ND
Arsenic 0.002 I0
Cobalt O.1 ND

Copper 0.05 ND
Gemmmum 0.I I0

Iron 0.05 ND

Mercury 0002 I0
Nwkel 0.05
Selcrdum 0.002 I0
Silicon 0.3 12
"Im 0.I I0

Notes: I. "MDL'= Method Detection Limit; It may varyu analysisend samplingparameterschange.
2. "RP%"=% Relative Precision (2 S.D.)at a umcenU'ation20 times of theMDL.

3. ForC5-C14 components,expension gas, ambientcondensate end washing samples fromcryogenictraps
were analyzedby capillaryC,Candthe results stormed up.

4. Lowerdetection limits (IO-IO00X) are attainable,ffexpansion gas, ambient amdensate end washing

samples fromcryogenictrapswere analyzedand the results summed up.
5. X-Ray Fluorescence_-mi-quantitativemmlysisofWhzeelements collected on HGR _boe u_ent.

... 6. GC-AED analysisof20traceelerncntspresentingassamples.
7. Only qualitative or semi-quantitativeanalysis canbe doneon thoseelements deaoted in Italics.
8. "NA"=Nol Applicable, "ND"=Not Determined



Table 2. Trace Constituents in Natural Gas: Concentration Range And Median

Major Components: Range Median C6 PlusHydrocarbons: Ran_ Median

MoiMure,ppmv(Lb/MMCF) <I0 - 2600 105 Aliplmtics: Cyclopentane [ppmv| <I - 33 7

Oxygen,ppmv 2.9 - 42 81 Hcxanes <0.2 - 1156 175

Helium [%] 0.002 - 0._80 0.034 Methylcyclopentane <0.2 - !15 20

Hydrogen <0.002 - 0.120 0.006 Cyclohexsne <0.2 - 109 30

Nitrogen 0.22 - 2.96 1.20 Heptanes <0.2 - 433 90

CarbonDioxide 0.07 - 2.62 0.56 Methylcyclohexane <0.2 - ! 33 22

Methane 81. I - 98.5 92.9 Octanes <0. I - 280 46

Ethane 0.09 - 1! .8 3.06 Nonanes <0. ! - 280 12

Propane 0.005 - 3.95 0.46 Decanes <0.1 - 120 3.4

lsobutane <0.003 - 0.369 0.063 Undecanes <0.I - 20 !.5

n - Butane <0.003 - 0.822 0.051 Dodecanes ,at).I - 2. I .055

Neopentan¢ <0.001 - 0004 <0.001 Tridecsnes <0. ! - 0.6 <0. I

Isopentnne <0.001 -0.18 0.02 Tetradecanes <0.1 -0.I <0.1

n - Pent,me <0.001- 0.16 0.02

C6 & Heaviex <0.002 - 0.226 0042 Aromatics:Benzene <0.2 - 471 7

Toluene <.0.! - 100 7

Ethylbenzene <0. I - I5 0.I

Calculated Properties: Xylenes <0. I - 12 0.8

Relative Density 0.561 - 0.685 0.595 C3 - bcnzenes <0.1 - 1.5 <0.1

Compressibility 0.9969 - 0.9980 0.9978 Nsphthalenes <0.I <0. I

DryGrcmHeatingValue st 988 - 1193 1023 PAlls <0.02 <0.02
14.73 psia, BTU/SCF

II



Table 2. Trace Constituentsin Natural Gas: Concentration Range And Median (cont.)

Sulfur Components: RanBe Median Nitrogen Compounds: Ran_ Median
[ppmvl lppmv!

Hydrogensulfide <0.1 - 6 0.2 Ammonia <2 <2

Cedmnyl sulfide <0.02 <0.02 17othertargetcompounds <0.5 <0.5

Carbondisulfide <0.02 <0.02 Othercompounds .cO.5 <0.5

Methylmen:aptan <0.02 - O.15 <0.02

Ethylmer_ptan <0.02 - 0.16 004 Oxygenafes:

i - Propylmercaptan <0.02 - 0.41 0.02 Methanol I - 92 4

n - Propylmercsl_sn <0.02 - 0.02 <0.02 Acetone <! - 24 <!

t - Butylmercaptan <0.02 - 0.08 <0.02 15 Othertargetcompounds <! <1

Dimethylsulfide <0.02 - 0.5 <0.02 Othercompounds(No.) <! - 6 <1

Methylethylsulfide <0.02 - 006 <0.02

Diethyl sulfide <0.02 - 0.05 <0.02 Halocat4gms:

Dimethyl disulfide <0.02 - 0.8 <0.02 35 targetcompounds <0.1 d).l

Otherdisulfides <0.02 - 0.48 <0.02 PCBs <0.01 <0.01

Trisulfides <0.02 - 0.4 <0.02 Othercompmmds <0. ! ¢0. I

Residualsulfides (Polysulfides) <0.02 - 0.75 009

Other Elements and Comlmunds"

TotalArsenic, ugfln3 <5 <5 HOx, ppmv <0.05 - 130 ¢0.05

Total Mercury,ug/m3 <0.2 <0.2 Radon,pCi/L <1 - >23 * <!

• Becausebreaktlmmghoccurred,the radon content in one samplecannotbe accm'atelymeastmred,butestimatedas higherthan 23 pCi/L.




