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Prediction of spatial distribution of air pollutants within tunnel
II-Gun Park, Min-Sun Hong, Beom-Seok Kim, Ho-Geun Kang

ABSTRACT The need for management of tunnel air quality is imminent considering the rapid increase of
number and span of tunnels in Korea. To investigate spatial distribution of CO, within tunnels, CO, were
measured and model simulations were performed in Namsan 1 tunnel. Results show that CO, concentrations were
250 ppm to 400 ppm higher in the exit than tunnel entrance. Also, CO, concentrations were 200 ppm to 300
ppm lower inside no ventilating vehicle than in the tunnel. Both experimental and model simulation results show
that spatial distribution and concentration gradient of air pollutant inside tunnel are highly dependent on traffic
density.
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Fig. 1. Map of Nam—san No.1 tunnel,

Table 1, Measuring time and average CO; concentrations,

No. of measurements Measuring time Average CO concentration
1st 06:14 ~ 06:15 592 ppm
2nd 06:44 ~ 06:45 647 ppm
3rd 07:08 ~ 07:10 618 ppm
4th 07:35 ~ 07:37 669 ppm
5th 08:06 ~ 08:10 826 ppm

note) up-line(downtown direction) direction, window open
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Table 2, Initial conditions for model simulation,

Input data box volume CO; concentration CO; emission Wind speed

Initial condition 1,500 m’/box 500 ppm 3.6 g/sec 0.5 m/s, 2 m/s, 5 m/s
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Fig. 3. Schematic diagram of tunnel sections,

3.2 2AHAY

Fig. 4= §%o] w2 gy 7|49 CO, v% BEXE wAsE Zdutolth gd | e gEZ9]
B ARfols Hrmot &2 S 7HIAL Q7] wiEell 0.5 mis, 2 mis, 5 m/se] FE5HEHE
B3 BY Ul CO, % RE E4E E3ch 5 miso] 2doME HY W A 5
ggsto] 94 27 fAIEEA F71EF0] MEA dofuhs F9R ETE0R A9s AT
71&712 COy w7t S7Fke Ao UERHIL, 2 mise] 20w aEde] S7= Qlsto]
7 A5 WS HER HE FHA G4 st S Ae & 4 Sdrk =L
0.5 m/s olX= BY Wi A} igto] gopglew Odékﬂ 27] §Jtolld CO, Hw=7F 243
S7Vke ARe UehiaL Qlok BARET R SfollA AdwgEt wiel o] vt delE Hd W BAE
a3l o8 CO, w7} BY QoA EEom 24 Zrlele 2L HojZi 9ok

ﬂJ

—r"—‘

612 S=2EIXEBIEE=RE



HE W ti7leeg=de SUEX of

i

0.5m/s

900
g
= 2mls
c
S 800
E=
o
=
%
g 700 5m/s
o
(&)

o~
O
O 500

— Simulated
500
1 2 3 4 5 6 7 8 9
Section

Fig. 4. Simulated CO, concentrations at different wind speeds in tunnel sections.

Fig. 59) ()~ @2Held A2 CO, ot o] 02 wd wAAnE bw
A0 Ha QPN ETEHOR BHE st F7kE fARE AR Bola gtk ()9 4
2o A AR 0 064] Ao B U ek s80] A AAA 5 mise] F4E 71
SApATIeh W OR QTN ETEOR P4E AWK BErt FUIske Ad g
R Qlek () ~(d AeF S71 9l mEAlEO] AltEls AR 2 miso] F4 714
sApATIel Wt A Qe ETEOR A48 A&HoR Furt ke 24 g
ek gk 53, () mEe] F7HE lste] X AR AF A9 05 ms] 452
Pt mapaTieh vlmsldch 1 An B Q7EelN Cosrt 345 Skt 27
flarst WENS Mol o)t B Q7o) WEW] AT F/1= A AR A7) el
Aow perEr.

olefst AvH: B W o712 A% S4o] Y U F4 2L Aol F Swe] 2 37|54}
WHT ATUAT G A2 L 5 om P HES wRd AskEzlel E 1Y A%

A

=48 slofsiag] $-go] 5 A0 gk

]_

ok

M o e o o

(o]

Vol. 14, No. 6, November 2012 613



CO, Concentration(ppm)

2

CO_ Concentration(ppm)

900
1st (a)
—O— Observed
— Simulated
800t wind speed: 5m/s
700
600
500 |
400 L L L L L s L n L
1 2 3 4 5 6 7 8 9
Section
900
3rd (c)
—O— Observed
— Simulated
800t Wing speed: 2m/s
700
600
500 |
400 L L L L L s L n L
1 2 3 4 5 6 7 8 9
Section

900
2nd (b)
—{— Observed
400 —— Simulated
T [ Wind speed: 2m/s
a
.
8
2 700}
=
p-]
€
@
)
S eoof
(&)
~
(o]
o
500 |
400 L L L L L L n L L
1 2 3 4 5 6 7 8 9
Section
900
4th (d)
—O— Observed
800 | —— Simulated
e Wind speed: 2m/s
a
.
<
2 700}
=
p-]
€
@
)
S eoof
(&)
~
(o]
o
500 |
400 L L L L L L n L L
1 2 3 4 5 6 7 8 9
Section

900 +
g. 800
g
<
L
=
S 700t
<
@
]
5
O 600}
s
o 5th
560 —O— Observed
[ —— Simulated
Wind speed: 0.5m/s
400 L L L L L L L L
1 2 3 5 6 7 8 9
Section

Fig. 5. Comparison of observed and simulated CO, concentrations at different sections,

614

=N vy



HE W t7Ieeg=d9 SURZ o5

4,4 &

AL YA HYS o R 23RS Bl 5 B3k 7 U CO; B wale)
S48 w5shy, wd WS o) e ) 71 A5 diet BS nasigon, the ARg
Qi

L AH S EY ) AAe] 00, B BES 2ARR AT 3 A] CO; 17} 400 ppmoflA
231 900 ppm7HA] ZAEUL, WEF] HFHE T4 3080)4 84] Aolo] B ) CO,
S7k 7V S Uehdeh Sk B ek E70141] €0, 5= Hol= 250 ppmoll 400 ppm
uF UoE B U] BIAE ol O3] o7 e @B o] HPEOR o] Fak AP Aol
ekt itk 3718 8 gk A UlRe] CO, 5 380 ppmollA] 510 ppmOE 9
35520 H3) 200 ppmel A 300 ppm FE VA SAHIL Gon] B et Eole] B
Aol7k A9 gl Rom Uk,

2. B8 AT} S mse] 2L COp BV} ETEHOR A48 A 718712 Zrhetka,
2 mis©] A5 FHA AV SErt F7Rke AT B 4 9lon], 05 mis oA 27
YA CO, 527t FA] Z7He A & 4 itk BAZIE B ) SAE fo]
3} CO» FET} EE PO EPEOE BT F7HE AOE etk

3. B 7 U SAE COy g Hlm A Yo ETEOR 445 st ok
FARE AT Bolth B3], 13 24 Avke o] UG AFOR ste] AR st
Z7HL 57 5% 23 B W X BAR Qste] EEelA flardt FehS e gk
oleig A= B ) 712 AT SA4o] Aol Lol w2 71447 BT AuAst

AeE s 5 Aok

i)

P 2 A7E Fo £EY AUt 6y @ ASE] g lER 1A A% 542
sofsiizr] S-go] 75E ACR BekEn, B2 49 09Ed S NS o&T 4 o]

e ) 71 AAEEE 7l 4 ok

2 Ae SRS Ad7ledai Y ] A[EHARS 11-7]5941A03)0f oS

Vol. 14, No. 6, November 2012 615



REFERENCES

1. Chih, M.M., Gui, B.H., Chang, T.C. (2011), “Influence of traffic flow patterns on air quality inside
the longest tunnel in asia”, Aerosol and Air Quality Research, Vol. 11, pp. 44-50.

2. Kwon, S.B., Cho, Y.M., Park, D.S., Park, E.Y. (2006), “Correlation of CO, concentration with
number of passengers and tunnel regions in the KTX cabin”, The Korean Society for Railway
(proceedings), Korea Maritime University, pp. 41-44.

3. Lee, H.S., Hong, K.H., Choi, C.R., Kang, M.K., Lim, J.B., Mun, H.P. (2012), “Experimental study
of improvement of ventilation efficiency at intersection in network-form underground road tunnel”,
Korean Tunnelling and Underground Space Association, Vol. 14, No. 2, pp. 107-116.

4. Lew, J.0., Rie, D.H., Shin, H.J. (1999), “Study on optimization technique for design of the road
tunnel ventilation system”, Journal of KIIS, Vol. 14, No. 4, pp. 60-70.

5. Lonneman, W.A., Selia, R.L., Meek, S.A. (1986), “Non-methane organic composition in the lincoln
tunnel”, Environmental Science & Technology, Vol. 20, No. 8, pp. 790-796.

6. Ministry of Land, Transport and Maritime Affairs (2011), “Rules on the basis of the road structure
and facilities”

7. Pierson, W.R., Gertler, A.W., Robinson, N.F. (1996), “Real-world automotive emissions: Summary
of studies in the Fort Mchenry and Tuscarora Mountain tunnels”, Atmospheric Environment, Vol.
30, No. 12, pp. 2233-2256.

8. Raf, D.F., Patrick, B., Jan, GK. (1994), “Air pollution measurements in traffic tunnels”, Environmental
Health Perspectives, Vol. 102, suppl. 4, pp. 31-37.

9. Seinfeld, J.H., Pandis, S.N. (1998), “Atmospheric chemistry and physics”, Wiley-interscience publication,
Ch. 23, pp. 1193-1200.

616 S=EIIXEBIEE=RY




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


