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ActivitiesActivities

DirectDirect emission  emission  measurementsmeasurements of of olefinesolefines, , 
alkanesalkanes, NH3, NO, NH3, NO22 and SOand SO22 havehave beenbeen
conductedconducted to to pinpin--pointpoint and and quantifyquantify the the 
largestlargest emission emission sourcessources in the in the vicinityvicinity of of 
Houston Houston duringduring TexAQSTexAQS 2006 2006 



PostersPosters
Johan Mellqvist al., Johan Mellqvist al., Measurements of industrial emissions of Measurements of industrial emissions of 
HRVOCs in Texas using the SOF methodHRVOCs in Texas using the SOF method

Claudia Rivera, et al.,  Claudia Rivera, et al.,  Measurements of industrial emissions of Measurements of industrial emissions of 
NO2 and SO2 in Texas using mobile DOASNO2 and SO2 in Texas using mobile DOAS

Jerker Jerker SamuelssonSamuelsson et al.,  Measurements of industrial emissions et al.,  Measurements of industrial emissions 
of alkanes in Houston and southeastern Texas using the Solar of alkanes in Houston and southeastern Texas using the Solar 
Occultation Flux methodOccultation Flux method



MethodMethod



Solar Solar OccultationOccultation Flux  Flux  
DirectDirect infraredinfrared solar solar measurementsmeasurements for for retrievalretrieval of of VOCsVOCs, , ammoniaammonia etcetc.  .  
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Mobile DOAS, Mobile DOAS, 
ScatteredScattered UV/visible solar UV/visible solar lightlight for NO2 and SO2for NO2 and SO2
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Mobile DOAS, Mobile DOAS, 
ScatteredScattered UV/visible solar UV/visible solar lightlight for NO2 and SO2. for NO2 and SO2. 

DevelopedDeveloped for for volcanicvolcanic measurementsmeasurements

Spectrometer

Zenith viewing
telescope

Optical fiber

PC for on line
retrieval

GPS



SOF SOF ColumnColumn RetrievalRetrieval
The  The  retrievalretrieval is is basedbased on on multivariate analysis in multivariate analysis in 
which calibration spectra recorded in the laboratory which calibration spectra recorded in the laboratory 
are fitted to the measured spectraare fitted to the measured spectra

( )[ ] ( )[ ] ( ) ( )∑ ∫ ⋅⋅−=
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iibackgrfit dxxconcvvIvI σlnln

The The codecode QESOF is QESOF is usedused. It has . It has beenbeen testedtested againstagainst
otherother establishedestablished codescodes, < 5% , < 5% differencesdifferences

CalibrationCalibration data are taken from data are taken from referencereference librarieslibraries
(HITRAN and  PNL), (HITRAN and  PNL), ~~3% 3% uncertaintyuncertainty

The The measurentsmeasurents of  of  alkenesalkenes and and ammoniaammonia at 10at 10µµm m 
are are moremore specificspecific thanthan for for alkanesalkanes at 3at 3µµm (m (seesee nextnext
slidesslides) ) 



Mobile DOAS  Mobile DOAS  ColumnColumn RetrievalRetrieval
The UV/visible spectra are filtered according to The UV/visible spectra are filtered according to 
standard DOAS algorithms and then fitted to standard DOAS algorithms and then fitted to 
calibration spectra using multivariate analysis calibration spectra using multivariate analysis 

The The retrievalretrieval codecode mobile DOAS is mobile DOAS is usedused . It has . It has 
beenbeen testedtested againstagainst otherother establishedestablished DOAS DOAS codescodes,,

CalibrationCalibration data are taken from data are taken from VandaleVandale [1994][1994]



SOF SOF retrievalretrieval, , etheneethene
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SOF SOF retrievalretrieval --propenepropene
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SOF SOF retrievalretrieval -- alkanesalkanes

The The alkanealkane channelchannel is sensitive to is sensitive to variousvarious VOC species , VOC species , butbut this this onlyonly
causescauses 5% 5% overestimationoverestimation



Cross Cross sensitivitysensitivity of the of the alkanealkane channelchannel, , 
causescauses 5% 5% overestimationoverestimation in HSCin HSC

Alkanes 
Cross sensitivity 

(alkane mass) Alkenes 
Cross sensitivity 

(alkane mass)
ethane 1.000 ethylene 0.078
propane 1.000 propylene 0.202
n-butane 1.000 acetylene 0.001
i-butane 1.176 1,3-butadiene 0.007
cyclo-pentane 1.037 2-butene (c+t) 0.290
i-pentane 1.000 1-butene 0.283
n-pentane 1.003 i-butene 0.305
2m-pentane 1.015 isoprene 0.100
3m-pentane 0.840 t-2-pentene 0.464
cyclo-hexane 1.239 1-pentene 0.330
2,2-dimethyl-butane 1.084 c-2-pentene 0.316
n-hexane 0.984 styrene 0.000
3m-hexane 0.848 Aromatics 
n-heptane 0.990 benzene 0.000
n-octane 1.000 toluene 0.064
i-octane 1.082 m-xylene 0.118
n-nonane 1.048 p-xylene 0.095
n-decane 1.051 o-xylene 0.170
 ethyl-benzene 0.184

70-87%
5-15%

5-16%



Flux Flux measurementsmeasurements
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The The windwind

To To obtainobtain the flux the the flux the measuredmeasured massmass
of the of the plumeplume (               ) is (               ) is multipliedmultiplied
by the by the averageaverage windwind speed of the speed of the 
plumeplume (u(u’’))
HenceHence, to , to understandunderstand the the uncertaintyuncertainty
in the  in the  windwind (u(u’’) ) derivedderived from from 
observations observations oneone needneed to to knowknow:  :  
•• the the heightheight distribution of the distribution of the plumeplume
•• the the heightheight and spatial variation of the and spatial variation of the 

windwind

dxxcolumn∫ )(



HeightHeight distribution of the distribution of the plumeplume
The NOAA WP3 The NOAA WP3 measurementsmeasurements shows that the shows that the 
emission emission plumeplume from the from the industriesindustries are are 
distributeddistributed withinwithin the full the full mixingmixing layerlayer withinwithin
10001000--2000s transport time , i.e. 2000s transport time , i.e. indicatingindicating
verticalvertical mixingmixing velocitiesvelocities of of ±±(0.5(0.5-- 1) m/s  [pers 1) m/s  [pers 
commcomm J. de J. de GouwGouw] ] 

The NOAA Doppler LIDAR (Ron Brown) shows The NOAA Doppler LIDAR (Ron Brown) shows 
typicaltypical verticalvertical mixingmixing velocitiesvelocities of of ±±(0.5(0.5--1.5) 1.5) 
m/s over land [pers m/s over land [pers commcomm S. Tucker] S. Tucker] 

The The BaylorBaylor University University TwinTwin Otter shows Otter shows alkenealkene
plumesplumes distributeddistributed uptoupto 300 m, 250 s 300 m, 250 s downwinddownwind, , 
againagain indicatingindicating ±± 1 m/s 1 m/s verticalvertical mixingmixing speed . speed . 



Airborne measurements by Baylor twin Otter 250 s 
transport time down wind the Freeport area.  Crude 

plot from data presented by Buhr, et al. at the  
Rapid Science synthesis workshop, 2006.
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HeightHeight Variation of the Variation of the windwind
The SOF The SOF measurementsmeasurements are are conductedconducted in in 
sunnysunny conditioncondition, for , for whichwhich verticalvertical windwind
gradient are gradient are smoothedsmoothed outout duedue to to 
convectionconvection. . 
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average wind [0-500] m obtained with the GPS sondes



Comparison of wind measurements in the HSC area relative to the  
average wind [0-500] m obtained with the GPS sondes

Wind measurement Wind speed Wind direction 

Laporte wind profiler 
(0-500 m) (-3±27)% (2±15)o

GPS sonde (0-200 m) (-6±15)% (2±9)o

SODAR waterworks 
(0-100 m) (-7±24)% (7±16)o

SODAR HRM4  (0-
100 m) (-12±18)% (2±18)o

Ground stations 
(CAMS, 10 m) (-29±21)% (12±21)o



ErrorError budgetbudget
RetrievalRetrieval methodmethod--interferenceinterference: : 10%10%
LineparametersLineparameters 3%3%
WindWind speed speed 27%27%
WindWind directiondirection 10%10%

Overall Overall errorerror= 30%= 30%



The SOF The SOF measurementmeasurement duringduring
TexAQSTexAQS 2006 2006 

In Sep 2006 about 10 days of In Sep 2006 about 10 days of 
measurements were conducted in measurements were conducted in 
the vicinity of the Houston ship the vicinity of the Houston ship 
channel area (HSC), 2 days in Texas channel area (HSC), 2 days in Texas 
City, 1 day in Choc City, 1 day in Choc bayoUbayoU and and 
Freeport and 2 days in Sweeny Freeport and 2 days in Sweeny 

On a given day multiple On a given day multiple 
measurements of the emission measurements of the emission 
sources were conducted and the sources were conducted and the 
source were if possible enclosed in a source were if possible enclosed in a 
““measurement boxmeasurement box””

GPS GPS soundingssoundings werewere carriedcarried outout in in 
the the vicinityvicinity of the of the measurementsmeasurements (4 (4 
per per dayday). ). 
CoordinatedCoordinated measurementmeasurement with with 
NOOA WP3 and NOOA WP3 and BaylorBaylor TwinTwin OtterOtter



The measurements were typically conducted at 0.5 to 3 km distance 
from the sources 100-600 s. The assumption is then that the plume is 
distributed from the ground up to several hundred meters height and 
that the wind varies little with height.  The average wind [0-200] m or [0-
500] m was used , obtained from GPS sondes (4/day). 



MeteorologicalMeteorological sitessites and and NorthNorth--southsouth sectorssectors intointo
whichwhich the emissions data the emissions data waswas divideddivided intointo..



””SOF boxSOF box”” of of etheneethene aroundaround the the 
HSC on Sep 19, 12HSC on Sep 19, 12--14001400

HereHere the the colorcodecolorcode correspondcorrespond to the to the massmass of of ethyleneethylene measuredmeasured in in 
the solar the solar lightlight. The . The lineslines pointpoint towardstowards the the windwind



HSC Aug 30, HSC Aug 30, etheneethene,,

HSC Aug 30, ethene 1290 kg/h
ethene 1400 kg/h



HSC Sep 25, HSC Sep 25, propenepropene, , 

propene 900 kg/h



HSC Sep 25,alkanes, HSC Sep 25,alkanes, 

alkanes_av 12400 kg/h



HSC Sep 19, HSC Sep 19, AmmoniaAmmonia

propene, sep 25, 900 kg/hNH3  180 kg/h



HSC Sep 19, NO2 HSC Sep 19, NO2 

NO2_average, 4538 kg/h



IntermediateIntermediate emissions emissions 

PropenePropene variedvaried moremore thanthan etheneethene! ! 

Is this Is this duedue to to differencesdifferences in  in  sourcessources
causingcausing moremore upsetupset emissions for emissions for 
propenepropene, for , for instanceinstance flaringflaring ??



NN--S S TransectTransect on on BattlegroundBattleground road Aug 31. road Aug 31. 
On Aug 31 & Sep 14 the  On Aug 31 & Sep 14 the  measurementsmeasurements varyvary

betweenbetween 200200--2000 kg/h) (2000 kg/h) (upsetsupsets, flares?), flares?)

propene 2000 kg/h



NN--S S TransectTransect on on BattlegroundBattleground road, Aug 31road, Aug 31

Ethene 295±140 kg/h



HSC Sep 06, HSC Sep 06, 
AverageAverage emissonsemissons in kg/h in kg/h 

SpeciesSpecies MeasMeas InventoryInventory
etheneethene 860860±±180180 4747

propenepropene 15001500±±500500** 6060

alkanesalkanes 1240012400 372372

NH3NH3 190 190 ±±2020

NO2NO2 45004500±±19001900 30893089

SO2SO2 5200 5200 ±±24002400 27522752

* Uncertain due to large variability in the emissions



Emission inventoryEmission inventory
The data has been derived by NOAA [Frost The data has been derived by NOAA [Frost 
2006] for the state of Texas including 2006] for the state of Texas including 
emissions of NOx, SO2, CO, total and emissions of NOx, SO2, CO, total and 
selected speciated VOCs, PM2.5, and selected speciated VOCs, PM2.5, and 
PM10 from 1858 fixedPM10 from 1858 fixed--location pollution location pollution 
sources statewide. sources statewide. 
The data are based on TCEQ's 2004 The data are based on TCEQ's 2004 
annual totalsannual totals
The 2004 ethylene, propylene and The 2004 ethylene, propylene and alkanealkane
emissions for each point source have been emissions for each point source have been 
derived from the 2004 total VOC derived from the 2004 total VOC 
emissions by assuming the same emissions by assuming the same 
speciation at that point source as in 1999, speciation at that point source as in 1999, 



MoreMore detailsdetails



Mt Mt BelvieuBelvieu Sep 25, Sep 25, etheneethene

Ethene, 566±±3535 kg/h



Mt Mt BelvieuBelvieu, , Sep 25, propen Sep 25, propen 

propene 646 kg/h



Texas city Sep 20, Texas city Sep 20, alkanesalkanes

alkane_av 2889 ± 399 kg/h



Texas city Sep 20, Texas city Sep 20, etheneethene

Ethene_av 83±12 kg/h



Texas city Sep 20, NO2Texas city Sep 20, NO2

NO2_av 642 kg/h



Chocolate Bayou, Sep 26, etheneChocolate Bayou, Sep 26, ethene

Ethene 170 kg/h



Chocolate Bayou, Sep 26, propeneChocolate Bayou, Sep 26, propene

Propene 270 kg/h



Freeport, Sept 26, etheneFreeport, Sept 26, ethene

Ethene 250±64 kg/h



Freeport, Sept 26, NO2Freeport, Sept 26, NO2

NO2 752±127 kg/h



Sweeny, Sweeny, septsept 26, ethene26, ethene

Ethene 160±34 kg/h



SweenySweeny, , septsept 26, 26, NO2NO2

NO2 400±53 kg/h



Bayport, Sept 26, etheneBayport, Sept 26, ethene

Ethene, Sept 26, 170 kg/h



SummarySummary of of resultsresults



Sector/Region ethene propene alkanes

1. Allen Genoa Rd 96±15 1 1739 ± 759
3678 ± 1165 
2983 ± 1424 
1264 ± 343 
420 ± 123 
976 ± 113 

863 

3633 
2889 ± 399 

2. Davison street 120±24 144±75
3. Deer-Park 187±110 282±282
4. Battleground road 92± 47 380±390
5. Miller cutoffroad 184± 156 211±70
7. Baytown 72 ± 24 260±95
8. Mt Belvieu 404±41 420±280
Bayport 170*
Channelview 64±32
Chocolate-Bayou 136* 273.0*
Freeport 250±65 21
Sweeny 163±5  126±64
Texas-City 83±12

VOC emissions in Sep 2006, with SOFVOC emissions in Sep 2006, with SOF



Species Ethene kg/h Propene kg/h Alkanes kg/h
Area Meas Invent Meas Invent  Meas Invent
HSC 860 47 1500 60 12400 372
Mt Belvieu 404 44 400 860 142
Baytown 72 6 980 75
Texas City 83 8 2890 100
Channelview 64 11
Sweeny 163 4 126 4 3630 56
Freeport 250 21
Bayport 170* 4
Choc. Bayou 136* 10 273 24

VOC emissions VOC emissions comparedcompared to to inventoryinventory



NO2 and SO2 NO2 and SO2 comparedcompared
to to inventoryinventory

NO2 SO2



Area Ethene
(kgh-1)

NO2
(kgh-1)

Meas
Ethene/
NO2

inventory
Ethene/
NO2

Other
ethene/NOx

HSC (sec. 1-
7)

859 4538 0.19 0.02

Mt Belvieu (8) 404 271 1.49 0.35

Baytown (7) 72 668 0.11 0.02
Texas City 83* 642 0.13 0.01
Channelview 64 237 0.27 0.02
Sweeny 163 398 0.41 0.01 3.61, 3.72, 1.53

Freeport 250* 752 0.33 0.20 1.51, 22, 0.263

Bayport 170* 731 0.23 0.09
Choc. Bayou 136* 268 0.51 0.03 21

* Uncertain, few measurements or other, 1Ryerson [2003]-2000, 2Buhr [2001], 3Buhr [2006].

EtheneEthene and NO2and NO2



MoreMore informationinformation
A A reportreport has has beenbeen finalizedfinalized and and willwill be be putput
on the HARC on the HARC websitewebsite ((www.HARC.eduwww.HARC.edu):):

Mellqvist ,J., Mellqvist ,J., SamuelssonSamuelsson J., Rivera C., Lefer B.,  and M. Patel, J., Rivera C., Lefer B.,  and M. Patel, 
Measurements of industrial emissions of VOCs, NH3, NO2 and SO2 Measurements of industrial emissions of VOCs, NH3, NO2 and SO2 
in Texas using the Solar Occultation Flux method and mobile in Texas using the Solar Occultation Flux method and mobile 
DOASDOAS

Contact: Contact: johan.mellqvist@chalmers.sejohan.mellqvist@chalmers.se

ReportsReports: : www.fluxsense.sewww.fluxsense.se

http://www.harc.edu/
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