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Total Emissions (tons/year) 1172.6 1795.8 1713.6 1163.6 1984.0 404.6
Total Emissions in Ada County (tons/year) 311.0 302.9 53.5 782.5 160.5 12.7
Total Emissions in Canyon County (tons/year) 861.5 1492.9 1660.1 381.1 1823.4 391.9
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Total Emissions (tons/year) 5,278.9  14,937.4 7,279.7    4,753.8   13,206.5   1,006.7   
Total Emissions in Ada County (tons/year) 1,976.4  2,930.2  1,419.1    2,798.3   1,861.6    16.6      
Total Emissions in Canyon County (tons/year) 3,302.5  12,007.2 5,860.5    1,955.4   11,344.9   990.1     

Footnote:
These numbers represent the estimated point source emissions following the procedures described in this chapter. 
Emissions for the following facilities were revised for air quality modeling: Nelson Construction (permit was revised), Monroc Con
(permit was revised), C. Wright Construction (permit revising in progress), and Croman Corporation (out of business, 
but emissions increased to account for emissions trading).
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Footnote:
These numbers represent the estimated point source emissions following the procedures described in this chapter. 
Emissions for the following facilities were revised for air quality modeling: Nelson Construction (permit was revised), Monroc Concr
(permit was revised), C. Wright Construction (permit revising in progress), and Croman Corporation (out of business, 
but emissions increased to account for emissions trading).
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Footnote:
These numbers represent the estimated point source emissions following the procedures described in this chapter. 
Emissions for the following facilities were revised for air quality modeling: Nelson Construction (permit was revised), Monroc 
(permit was revised), C. Wright Construction (permit revising in progress), and Croman Corporation (out of business, 
but emissions increased to account for emissions trading).
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MOBILE6 INPUT FILE :
>
>  MOBILE6 Input file generated by Route56 Translator
>  Route56 Translator Code (c) 2001 ERG  Inc.
>  9/25/01 8:39:47 AM
>
REPORT FILE        : ADAFWY99.OUT

RUN DATA           :
>
> MOBILE6 input file generated from C:\WINDOWS\Desktop\IDcon01m.inp
> FY2002-2006 TIP CONFORMITY (8/2001)
> Route56 Translator Code (c) 2001 ERG  Inc.
>
EXPRESS HC AS VOC  :
EXPAND EXHAUST     :
EXPAND EVAPORATIVE :

ANTI-TAMP PROG     :
84 81 20 22222 22222222 2 11 098. 22212112

> Exhaust I/M program 1 from MOBILE5 Exhaust I/M program #1
I/M PROGRAM        : 1 1984 2050 1 TRC IDLE
I/M MODEL YEARS    : 1 1965 2000
I/M VEHICLES       : 1 22222 22222222 2
I/M STRINGENCY     : 1 27
I/M COMPLIANCE     : 1 98
I/M WAIVER RATES   : 1 1.5 1.5

SCENARIO RECORD    : Winter 1999
CALENDAR YEAR      : 1999
EVALUATION MONTH   : 1
MIN/MAX TEMPERATURE: 31.25 48.20
FUEL RVP           : 15
AVERAGE SPEED      : 48.8 Freeway 100.0 0.0 0.0 0.0
ABSOLUTE HUMIDITY  : 26.39

SCENARIO RECORD    : Summer 1999
CALENDAR YEAR      : 1999
EVALUATION MONTH   : 7
MIN/MAX TEMPERATURE: 46.77 73.22
FUEL RVP           : 8.6
AVERAGE SPEED      : 48.8 Freeway 100.0 0.0 0.0 0.0
ABSOLUTE HUMIDITY  : 37.62

SCENARIO RECORD    : Winter 2000
CALENDAR YEAR      : 2000
EVALUATION MONTH   : 1
MIN/MAX TEMPERATURE: 31.25 48.20
FUEL RVP           : 15
AVERAGE SPEED      : 48.8 Freeway 100.0 0.0 0.0 0.0
ABSOLUTE HUMIDITY  : 26.39

END OF RUN         :



MOBILE6 INPUT FILE :
>
>  MOBILE6 Input file generated by Route56 Translator
>  Route56 Translator Code (c) 2001 ERG  Inc.
>  9/25/01 8:39:47 AM
>
REPORT FILE        : CANFWY99.OUT

RUN DATA           :
>
> MOBILE6 input file generated from C:\WINDOWS\Desktop\IDcon01m.inp
> FY2002-2006 TIP CONFORMITY (8/2001)
> Route56 Translator Code (c) 2001 ERG  Inc.
>
EXPRESS HC AS VOC  :
EXPAND EXHAUST     :
EXPAND EVAPORATIVE :

SCENARIO RECORD    : Winter 1999
CALENDAR YEAR      : 1999
EVALUATION MONTH   : 1
MIN/MAX TEMPERATURE: 31.25 48.20
FUEL RVP           : 15
AVERAGE SPEED      : 54.1 Freeway 100.0 0.0 0.0 0.0
ABSOLUTE HUMIDITY  : 26.39

SCENARIO RECORD    : Summer 1999
CALENDAR YEAR      : 1999
EVALUATION MONTH   : 7
MIN/MAX TEMPERATURE: 46.77 73.22
FUEL RVP           : 8.6
AVERAGE SPEED      : 54.1 Freeway 100.0 0.0 0.0 0.0
ABSOLUTE HUMIDITY  : 37.62

SCENARIO RECORD    : Winter 2000
CALENDAR YEAR      : 2000
EVALUATION MONTH   : 1
MIN/MAX TEMPERATURE: 31.25 48.20
FUEL RVP           : 15
AVERAGE SPEED      : 54.1 Freeway 100.0 0.0 0.0 0.0
ABSOLUTE HUMIDITY  : 26.39

END OF RUN         :



PART5 ADA COUNTY (Low, Arterial, Win Day)
3                :VMFLAG (use MOBILE6 VMT mix)
4                :MYMRFG (use MOBILE6 mileage accumulation rates & registration)
2                :IMFLAG (Inspection and maintenance exists)
1                :RFGFLG (2 to apply reformulated gasoline effects, 1 not to)
3                :OUTFMT (indicates type of output format)
1                :IDLFLG (2 to print idle emissions, 1 not to print them)
2                :SO2FLG (2 to print Gaseous SO2 emissions, 1 not to print them)
1                :PRTFLG (prints ALL pollutants)
1                :BUSFLG (does not print alternative bus cycle emission factors)
0.4941 0.2831 0.0967 0.0357 0.0062 0.0012
:LDGV,LDGT1,LDGT2,HDGV,MC,LDDV
0.0016 0.0095 0.0060 0.0142 0.0494 0.0022
:LDDT,2BHDDV,LHDDV,MHDDV,HHDDV,BUS
 .14910 .14174 .13475 .12810 .12178 .11577 .11006 .10463 .09947 .09456 LDGV
 .08989 .08546 .08124 .07723 .07342 .06980 .06636 .06308 .05997 .05701
 .05420 .05152 .04898 .04656 .04427
 .19496 .18384 .17308 .16267 .15260 .14289 .13352 .12451 .11584 .10752 LDGT1
 .09955 .09194 .08467 .07775 .07118 .06496 .05909 .05356 .04839 .04357
 .03909 .03497 .03120 .02777 .02470
 .21331 .19865 .18500 .17228 .16044 .14942 .13915 .12959 .12068 .11239 LDGT2
 .10466 .09747 .09077 .08453 .07872 .07331 .06827 .06358 .05921 .05514
 .05135 .04782 .04454 .04148 .03863
 .20034 .18776 .17600 .16499 .15468 .14503 .13599 .12754 .11962 .11221 HDGV
 .10527 .09877 .09269 .08699 .08164 .07664 .07196 .06756 .06346 .05960
 .05599 .05261 .04944 .04647 .04369
 .04786 .04475 .04164 .03853 .03543 .03232 .02921 .02611 .02300 .01989 MC
 .01678 .01368 .01368 .01368 .01368 .01368 .01368 .01368 .01368 .01368
 .01368 .01368 .01368 .01368 .01368
 .14910 .14174 .13475 .12810 .12178 .11577 .11006 .10463 .09947 .09456 LDDV
 .08989 .08546 .08124 .07723 .07342 .06980 .06636 .06308 .05997 .05701
 .05420 .05152 .04898 .04656 .04427
 .15961 .14661 .13468 .12372 .11367 .10444 .09597 .08819 .08105 .07449 LDDT
 .06847 .06294 .05786 .05319 .04890 .04496 .04134 .03802 .03496 .03215
 .02957 .02720 .02502 .02302 .02117
 .27137 .24831 .22721 .20791 .19024 .17407 .15928 .14575 .13336 .12203 2BHDDV
 .11166 .10217 .09349 .08555 .07828 .07163 .06554 .05997 .05488 .05021
 .04595 .04204 .03847 .03520 .03221
 .31574 .28789 .26271 .23992 .21929 .20058 .18361 .16821 .15421 .14149 LHDDV
 .12991 .11937 .10975 .10098 .09298 .08567 .07898 .07286 .06726 .06213
 .05741 .05309 .04912 .04548 .04212
 .40681 .36872 .33420 .30291 .27455 .24885 .22555 .20443 .18529 .16795 MHDDV
 .15222 .13797 .12505 .11335 .10273 .09312 .08440 .07650 .06933 .06284
 .05696 .05163 .04679 .04241 .03844
1.000001.00000 .94981 .85863 .77623 .70176 .63446 .57364 .51867 .46898 HHDDV
 .42406 .38347 .34678 .31360 .28361 .25649 .23198 .20981 .18977 .17165
 .15527 .14045 .12705 .11493 .10397
 .24516 .23920 .23344 .22785 .22245 .21721 .21214 .20724 .20249 .19789 BUSES
 .19344 .18913 .18496 .18092 .17701 .17322 .16956 .16601 .16258 .15925
 .15603 .15291 .14990 .14698 .14415
 .053 .071 .071 .071 .070 .070 .069 .068 .066 .063  LDGV
 .059 .054 .046 .036 .029 .023 .018 .014 .011 .009
 .007 .006 .005 .004 .010
 .058 .077 .077 .076 .075 .072 .069 .066 .061 .056  LDGT1
 .050 .044 .037 .031 .025 .020 .015 .011 .009 .008
 .008 .008 .007 .007 .036
 .059 .074 .069 .064 .060 .056 .052 .048 .045 .042  LDGT2
 .039 .036 .034 .032 .029 .027 .025 .023 .022 .021
 .019 .018 .017 .016 .074
 .047 .086 .079 .072 .065 .056 .052 .043 .042 .037  HDGV
 .036 .035 .034 .030 .026 .024 .022 .020 .019 .022
 .021 .020 .018 .017 .077
 .144 .168 .135 .109 .088 .070 .056 .045 .036 .029  MC
 .023 .097 .000 .000 .000 .000 .000 .000 .000 .000
 .000 .000 .000 .000 .000
 .053 .071 .071 .071 .070 .070 .069 .068 .066 .063  LDDV
 .059 .054 .046 .036 .029 .023 .018 .014 .011 .009
 .007 .006 .005 .004 .010



 .058 .077 .077 .076 .075 .072 .069 .066 .061 .056  LDDT
 .050 .044 .037 .031 .025 .020 .015 .011 .009 .008
 .008 .008 .007 .007 .036
 .048 .088 .080 .073 .066 .078 .069 .082 .063 .061  2BHDDV
 .045 .035 .027 .028 .035 .032 .032 .028 .025 .001
 .000 .000 .000 .000 .000
 .055 .102 .094 .087 .080 .078 .071 .068 .061 .055  LHDDV
 .051 .045 .037 .030 .027 .020 .015 .013 .010 .001
 .000 .000 .000 .000 .001
 .047 .089 .083 .078 .073 .067 .057 .056 .050 .049  MHDDV
 .045 .037 .033 .034 .031 .029 .026 .021 .021 .022
 .016 .010 .008 .005 .014
 .039 .073 .068 .064 .059 .056 .052 .049 .046 .043  HHDDV
 .040 .037 .035 .033 .030 .029 .027 .025 .023 .022
 .020 .019 .018 .017 .080
 .049 .092 .086 .081 .077 .068 .062 .061 .063 .057  BUSES
 .052 .046 .043 .040 .035 .026 .018 .012 .011 .008
 .003 .003 .002 .002 .004
1 2000 1 15.1                : region, year, speed cycle, speed
 1.3 2.50 1                  : unpaved silt%, ind. silt g/m^2, WHEELFLG
91                           : number of precip. days
2002 Arterial Ada Low Avg *BASELINE*                :scene name
10.           -- Particle size cutoff
6000                         : fleet average vehicle weight
1 2000 1 29.9                : region, year, speed cycle, speed
 1.3 2.50 1                  : unpaved silt%, ind. silt g/m^2, WHEELFLG
91                : number of precip. days
2002 Arterial Ada Low Avg *BASELINE*                :scene name
10.           -- Particle size cutoff
6000                : fleet average vehicle weight
1 2000 1 48.8                : region, year, speed cycle, speed
 1.3 2.50 1                : unpaved silt%, ind. silt g/m^2, WHEELFLG
91                : number of precip. days
2002 Arterial Ada Low Avg *BASELINE*                :scene name
10.           -- Particle size cutoff
6000                : fleet average vehicle weight
1 2000 1 30.4                : region, year, speed cycle, speed
 1.3 2.50 1                : unpaved silt%, ind. silt g/m^2, WHEELFLG
91                : number of precip. days
2002 Arterial Ada Low Avg *BASELINE*                :scene name
10.           -- Particle size cutoff
6000                : fleet average vehicle weight
1 2000 1 32.9                : region, year, speed cycle, speed
 1.3 2.50 1                : unpaved silt%, ind. silt g/m^2, WHEELFLG
91                : number of precip. days
2002 Arterial Ada Low Avg *BASELINE*                :scene name
10.           -- Particle size cutoff
6000                : fleet average vehicle weight
1 2000 1 34.3                : region, year, speed cycle, speed
 1.3 2.50 1                : unpaved silt%, ind. silt g/m^2, WHEELFLG
91                : number of precip. days
2002 Arterial Ada Low Avg *BASELINE*                :scene name
10.           -- Particle size cutoff
6000                : fleet average vehicle weight
1 2000 1 34.9                : region, year, speed cycle, speed
 1.3 2.50 1                : unpaved silt%, ind. silt g/m^2, WHEELFLG
91                : number of precip. days
2002 Arterial Ada Low Avg *BASELINE*                :scene name
10.           -- Particle size cutoff

6000� : fleet average vehicle weight



PART5 CANYON COUNTY (Low, Arterial, Win Day)
3                :VMFLAG (use MOBILE6 VMT mix)
4                :MYMRFG (use MOBILE6 mileage accumulation rates & registration)
1                :IMFLAG (no Inspection and maintenance)
1                :RFGFLG (2 to apply reformulated gasoline effects, 1 not to)
3                :OUTFMT (indicates type of output format)
1                :IDLFLG (2 to print idle emissions, 1 not to print them)
2                :SO2FLG (2 to print Gaseous SO2 emissions, 1 not to print them)
1                :PRTFLG (prints ALL pollutants)
1                :BUSFLG (does not print alternative bus cycle emission factors)
0.4941 0.2831 0.0967 0.0357 0.0062 0.0012
:LDGV,LDGT1,LDGT2,HDGV,MC,LDDV
0.0016 0.0095 0.0060 0.0142 0.0494 0.0022
:LDDT,2BHDDV,LHDDV,MHDDV,HHDDV,BUS
 .14910 .14174 .13475 .12810 .12178 .11577 .11006 .10463 .09947 .09456 LDGV
 .08989 .08546 .08124 .07723 .07342 .06980 .06636 .06308 .05997 .05701
 .05420 .05152 .04898 .04656 .04427
 .19496 .18384 .17308 .16267 .15260 .14289 .13352 .12451 .11584 .10752 LDGT1
 .09955 .09194 .08467 .07775 .07118 .06496 .05909 .05356 .04839 .04357
 .03909 .03497 .03120 .02777 .02470
 .21331 .19865 .18500 .17228 .16044 .14942 .13915 .12959 .12068 .11239 LDGT2
 .10466 .09747 .09077 .08453 .07872 .07331 .06827 .06358 .05921 .05514
 .05135 .04782 .04454 .04148 .03863
 .20034 .18776 .17600 .16499 .15468 .14503 .13599 .12754 .11962 .11221 HDGV
 .10527 .09877 .09269 .08699 .08164 .07664 .07196 .06756 .06346 .05960
 .05599 .05261 .04944 .04647 .04369
 .04786 .04475 .04164 .03853 .03543 .03232 .02921 .02611 .02300 .01989 MC
 .01678 .01368 .01368 .01368 .01368 .01368 .01368 .01368 .01368 .01368
 .01368 .01368 .01368 .01368 .01368
 .14910 .14174 .13475 .12810 .12178 .11577 .11006 .10463 .09947 .09456 LDDV
 .08989 .08546 .08124 .07723 .07342 .06980 .06636 .06308 .05997 .05701
 .05420 .05152 .04898 .04656 .04427
 .15961 .14661 .13468 .12372 .11367 .10444 .09597 .08819 .08105 .07449 LDDT
 .06847 .06294 .05786 .05319 .04890 .04496 .04134 .03802 .03496 .03215
 .02957 .02720 .02502 .02302 .02117
 .27137 .24831 .22721 .20791 .19024 .17407 .15928 .14575 .13336 .12203 2BHDDV
 .11166 .10217 .09349 .08555 .07828 .07163 .06554 .05997 .05488 .05021
 .04595 .04204 .03847 .03520 .03221
 .31574 .28789 .26271 .23992 .21929 .20058 .18361 .16821 .15421 .14149 LHDDV
 .12991 .11937 .10975 .10098 .09298 .08567 .07898 .07286 .06726 .06213
 .05741 .05309 .04912 .04548 .04212
 .40681 .36872 .33420 .30291 .27455 .24885 .22555 .20443 .18529 .16795 MHDDV
 .15222 .13797 .12505 .11335 .10273 .09312 .08440 .07650 .06933 .06284
 .05696 .05163 .04679 .04241 .03844
1.000001.00000 .94981 .85863 .77623 .70176 .63446 .57364 .51867 .46898 HHDDV
 .42406 .38347 .34678 .31360 .28361 .25649 .23198 .20981 .18977 .17165
 .15527 .14045 .12705 .11493 .10397
 .24516 .23920 .23344 .22785 .22245 .21721 .21214 .20724 .20249 .19789 BUSES
 .19344 .18913 .18496 .18092 .17701 .17322 .16956 .16601 .16258 .15925
 .15603 .15291 .14990 .14698 .14415
 .053 .071 .071 .071 .070 .070 .069 .068 .066 .063  LDGV
 .059 .054 .046 .036 .029 .023 .018 .014 .011 .009
 .007 .006 .005 .004 .010
 .058 .077 .077 .076 .075 .072 .069 .066 .061 .056  LDGT1
 .050 .044 .037 .031 .025 .020 .015 .011 .009 .008
 .008 .008 .007 .007 .036
 .059 .074 .069 .064 .060 .056 .052 .048 .045 .042  LDGT2
 .039 .036 .034 .032 .029 .027 .025 .023 .022 .021
 .019 .018 .017 .016 .074
 .047 .086 .079 .072 .065 .056 .052 .043 .042 .037  HDGV
 .036 .035 .034 .030 .026 .024 .022 .020 .019 .022
 .021 .020 .018 .017 .077
 .144 .168 .135 .109 .088 .070 .056 .045 .036 .029  MC
 .023 .097 .000 .000 .000 .000 .000 .000 .000 .000
 .000 .000 .000 .000 .000
 .053 .071 .071 .071 .070 .070 .069 .068 .066 .063  LDDV
 .059 .054 .046 .036 .029 .023 .018 .014 .011 .009
 .007 .006 .005 .004 .010
 .058 .077 .077 .076 .075 .072 .069 .066 .061 .056  LDDT



 .050 .044 .037 .031 .025 .020 .015 .011 .009 .008
 .008 .008 .007 .007 .036
 .048 .088 .080 .073 .066 .078 .069 .082 .063 .061  2BHDDV
 .045 .035 .027 .028 .035 .032 .032 .028 .025 .001
 .000 .000 .000 .000 .000
 .055 .102 .094 .087 .080 .078 .071 .068 .061 .055  LHDDV
 .051 .045 .037 .030 .027 .020 .015 .013 .010 .001
 .000 .000 .000 .000 .001
 .047 .089 .083 .078 .073 .067 .057 .056 .050 .049  MHDDV
 .045 .037 .033 .034 .031 .029 .026 .021 .021 .022
 .016 .010 .008 .005 .014
 .039 .073 .068 .064 .059 .056 .052 .049 .046 .043  HHDDV
 .040 .037 .035 .033 .030 .029 .027 .025 .023 .022
 .020 .019 .018 .017 .080
 .049 .092 .086 .081 .077 .068 .062 .061 .063 .057  BUSES
 .052 .046 .043 .040 .035 .026 .018 .012 .011 .008
 .003 .003 .002 .002 .004
1 2000 1 15.0                : region, year, speed cycle, speed
 1.6 0.90 1                  : unpaved silt%, ind. silt g/m^2, WHEELFLG
91                           : number of precip. days
2002 Arterial CANYON Low Avg *BASELINE*                :scene name
10.           -- Particle size cutoff
6000                         : fleet average vehicle weight
1 2000 1 36.3                : region, year, speed cycle, speed
 1.6 0.90 1                  : unpaved silt%, ind. silt g/m^2, WHEELFLG
91                : number of precip. days
2002 Arterial CANYON Low Avg *BASELINE*                :scene name
10.           -- Particle size cutoff
6000                : fleet average vehicle weight
1 2000 1 54.1                : region, year, speed cycle, speed
 1.6 0.90 1                : unpaved silt%, ind. silt g/m^2, WHEELFLG
91                : number of precip. days
2002 Arterial CANYON Low Avg *BASELINE*                :scene name
10.           -- Particle size cutoff
6000                : fleet average vehicle weight
1 2000 1 24.7                : region, year, speed cycle, speed
 1.6 0.90 1                : unpaved silt%, ind. silt g/m^2, WHEELFLG
91                : number of precip. days
2002 Arterial CANYON Low Avg *BASELINE*                :scene name
10.           -- Particle size cutoff
6000                : fleet average vehicle weight
1 2000 1 36.4                : region, year, speed cycle, speed
 1.6 0.90 1                : unpaved silt%, ind. silt g/m^2, WHEELFLG
91                : number of precip. days
2002 Arterial CANYON Low Avg *BASELINE*                :scene name
10.           -- Particle size cutoff
6000                : fleet average vehicle weight
1 2000 1 35.3                : region, year, speed cycle, speed
 1.6 0.90 1                : unpaved silt%, ind. silt g/m^2, WHEELFLG
91                : number of precip. days
2002 Arterial CANYON Low Avg *BASELINE*                :scene name
10.           -- Particle size cutoff
6000                : fleet average vehicle weight
1 2000 1 36.6                : region, year, speed cycle, speed
 1.6 0.90 1                : unpaved silt%, ind. silt g/m^2, WHEELFLG
91                : number of precip. days
2002 Arterial CANYON Low Avg *BASELINE*                :scene name
10.           -- Particle size cutoff

6000                : fleet average vehicle weight
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  k     sigma   pressure   height thickness      CAMx Layers
===========================================| |==================
 26    0.0000    100.00  15675.96   2004.22
 25    0.0500    145.00  13671.75   1584.98
 24    0.1000    190.00  12086.77   1321.62
 23    0.1500    235.00  10765.15   1139.09
 22    0.2000    280.00   9626.06   1004.34
 21    0.2500    325.00   8621.72    900.35
 20    0.3000    370.00   7721.37    817.43
 19    0.3500    415.00   6903.94    749.61
 18    0.4000    460.00   6154.33    693.00
 17    0.4500    505.00   5461.32    644.98
 16    0.5000    550.00   4816.34    603.67
 15    0.5500    595.00   4212.67    567.73
 14    0.6000    640.00   3644.94    536.15
 13    0.6500    685.00   3108.79    508.15
 12    0.7000    730.00   2600.64    483.15
 11    0.7500    775.00   2117.49    460.68
 10    0.8000    820.00   1656.81    440.36        --10---
  9    0.8500    865.00   1216.45    338.91        ---9---
  8    0.8900    901.00    877.55    246.93        ---8---
  7    0.9200    928.00    630.62    161.35        ---7---
  6    0.9400    946.00    469.27    158.83        ---6---
  5    0.9600    964.00    310.44    117.52        ---5---
  4    0.9750    977.50    192.92     93.05        ---4---
  3    0.9870    988.30     99.87     53.89        ---3---
  2    0.9940    994.60     45.97     23.27        ---2---
  1    0.9970    997.30     22.70     22.70        ---1---
  0    1.0000   1000.00      0.00 =================Surface======
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T0 M0 = E
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*��"��������
��%����#��%��
��������
������*�������*�#����
+������
����
��'�����������'��%��%������������
��������
��*�����<*������*+�������%��
6
��
'��������%�����*����
���2
���%�+�����+�����������%���������%���+�������2
�
������
��'��%�����'��%
*��+�����#�������,�"���1
��+
��������%�22���
2�+�����������%
��+����#�+
�
����������
�
���'��%��
���������
����
��,�
���"�������*+����
',�#��%
��+�<*���
�������"�2
����%�����������7����������"�

�	
���	�	��

����%�������
�'��%�+�����#�����%���+�����1)#�1 #�1(AA1�#��%�+����������

T0 M0
T1 M0⋅(1- Rd0) +E
T2 [M0⋅(1- Rd0) +E ](1- Rd0) + E
….

'%��Rd0�����%���������+������
����
�����#������+��
2�������
2��%��
����+������2��%

��
����
��,�
���"�������
������# Rd�� Rd0��������
����
������������'���+����������	"

�
�����7�����%���+�#�'����

T0 M0
T1 M0 (1- Rd0) +E
T2 M0 (1- Rd0)

2 + E(1- Rd0) + E
.
.
.
Tn M0 (1- Rd0)

n + E (1- Rd0)
 n-1 + E (1- Rd0)

 n-2 + …….+ E (1- Rd0) + E

��������2
�+�2
���%�+�������Tn ����

Mn = M0(1- Rd0)
n  + E k=0Σn-1 (1- Rd0)

k                     (4)

>����(1-Rd) < 1#��%�2�������+�,����%��'%����→�∞�������Rd ������
������, �%���
��
��+��
�,����'%����→�∞�#�'%��%�����%��
����+��������%�����������<*������*+������

M n → ∞ = E / Rd0       -'��%�+�����0                        (5)

�	
���
��	�	��

����%�������
�'��%
*��+�����#��%��
����+��������%��������

T0 M0
T1 M0(1- Rd0) + E
T2 M0(1- 2Rd0) + E(1- Rd0) + E
T3 M0(1- 3Rd0) + E(1-2 Rd0) + E(1- Rd0) + E
.
.
.
Tn M0(1- nRd0)+E(1-(n-1)Rd0)

 + E(1- (n-2)Rd0)
  + …….+ E(1- Rd0)+E       (6)
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;%��n = 1/Rd0 #�M0 (1- nRd0) =0#��%�<*������*+������������%�#������%��
����+���

����%�����'�����:

Mn (n ≥1/Rd0) = E (1/Rd0 +1)/2        -'��%
*��+�����0             (7)

B�����+�����%����%���
����
����������
��
�������
�����������%���
����'��%
*��+�����#
����Rd0�����%�����������
����
�����# '%��%�����%���+�,��*�������
����*���"���+��������

����� �����
	���!��
�������
��
����	�	����������

��������������%��'���*����
���
���%�+
���<*���
��C���;%��n ≥ 1/Rd0 , �%�+���

����%�����'�����+�����
�����������
�������%�+����
��������
����
�������+�����
�����������
��$��+*�%�������+�2
���%�����
�����
����%��%�<*������*+��%����%�������
�'��%�+�����
-<*���
��-@00����6��*��4��%
'���%���'
���
�����'��%��������������
����
������
2�.=���
�%�2�������+�����

#�$����'��������
����*���
����*+*��������%���������%�������
�'��%�+�����#�'%���+�������%����
<*������*+������+*�%�����������%�������
�'��%
*��+��������1%��
����+��������%�<*������*+�����%�����'��%
+�����������
*���'
���+���������%�������%�����'��%
*��+��������1%�2���
�������������,��
��%���
����
�����
'%����
����
�����������+����-6��*��@0�

������
����*���
����*+*��������%�����*�������+�����D ))�����%�������
�'��%�+�����#
'%���<*������*+������������%��+*�%�����������%�������
�'��%
*��+��������1%��
����+���
����%�����'��%�+�����������
*���'
���+���������%�������%�����'��%
*��+�������1%���+��

���%��%�<*������*+������2
���%�������
�'��%�+��������$����
*��@�.���+���
�����%����%
������
�'��%
*��+�����#�'%��%����������
�������6��*��(��1%�����
�
2�+��������%�����'��%
+��������,�����"��%�+��������%�����'��%
*��+������������������
2��%���
����
���������
��+���������%�-����
�������%���+�����������
����"��%
����
+������
��%��"�����+0�

*����+����#����&��)�����&��)�$��#�%���
,���(�����������-�
������)��!��(�������(���
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6��*��@�����������%����%�����
�
2��
�����
��2���
�����<*������*+��������������2�
+�
���

�'
#�������������
*���'
�2
���+������
����
������#�����
������2
��8� )�*������������
�
�
�����
���

-�0���)E���)�E� ������������ ���-�0��)E���)�E�)� 
#�$����(����
�����
��2���
�������2*����
��
2���
����
��������1%��
�����
��2���
�������������,��
���������+���
�������1%���
����
�������������<*����"��������
��+
���������*�*���"������%���.=������+�����

���+
���������������
��+
���#����������*+���%���������������*��2
�+�"�+�����%�
*�%
*���%
��"�����������+����
',�#�����%������"#�2�������������������*�*���"��
��+��������%

����������"�#��������"�*�����������
�����
����8���������
����*��
�2����'��%
*������
��������*����%�
*�%
*���%�%��%���1%�2
�#�'�������
���%��%���
��������
������%
�
'���
���
��
2��%���"�#������%*����%��%����
����
������

1
��
+�����%���*����
2��
��+������������
�'��%�+��*�������#��%�,��������������*��
�
���������"��
��+������+
��������
����
���
��
2�6��*�� ���������������6��*��.���1%
�������*��
����������2�
+��%�+
���2�����%��
'����*�,����6��*��.���1%�%��%���������

2���������2�*��2
*�������%��
'���
���
��
2��%���"������%�+��*����������
����"
�������������*����8� )�+���*��'%����%�+
����������������7�+
���

�������!�#�((�����/$����$��&��)�����&��)�$��#�%���

�����������!����������0������
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#�$����)"���
+�����
��
2�+
��������+��*���,���������
2���
2����������������*��
���1%��<*����
�������%
+
���������-�
��+�����0������%�
�%���*�,�����+��*�������-��6��*�� 0�

����
���*��
�#������+
����
,����������
�������������
��������
����"���2���
��*���
�(��*
�
�����2������"���+�������%�������������������+�������1%���������"��+�������
������%
+
������2
������������
���
�����
��

'"���**�����*�+��$����*�#�����,������������ ������$

'����"�����	��#	
�����$	
�
	��������	%��
�
	�������

���%
*�%��%���
����
��������������2������"���*����"�����2������"������������%���"��%��%�#
'�'�����%
'��%����%�+
�����
��������
�������
���22�����"��%�������2������%��%���%���
����%�������
����'%��%�
��"����,�����
�������+�����
��
��*���

>����Rd0�����+����-Rd0�&�'�'(������+��������+
�������������0#��1/Rd0 >>1#����
<*���
��-30��������'����������%�2
�+:

        Mn ≅ �E /2Rd0   -'��%
*��+�����#��+����Rd00                     (8)

�<*���
���-.0�����-F0����������%����%�+��������%������������+���2*����
��
2��%��������
��
����
�������>*�����*��Rd0  '��% Vd *�����<*���
��- 0#

Mn ≅ �EH/2Vd   (without mixing)                        (9)
Mn =�EH/Vd      (with mixing)                        (10)

1%�<*���
��-90�����- )0����������%����%����������
����+��������%����������
�
���
�����
��%
�2��������%��%���
�%�����%�+�����������
��+������+
������1%��
��������
������%���'

������
��'������
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C(without  re-mixing)�G�Mn /HA ≅ �E/2AVd                 (11)
C(with re-mixing) = Mn /HA = E/AVd                     (12)

'%��������%����������������;��������%�������
�%�����#��%�+
����
,����������%��
���
+��������%����#��%��
����+���������
�
���
�����
��%�%��%����
',�#��%�2������
��������
��
������������
2��%�%��%�#���������2*����
��
2���
����
��,�
���"�
��"��;�%�,����*+�
%���%����%�
��"���
����
������*��
��%����,�����
�������+�����
��������%���������
�#�'
*�����������
��+
����
���+����%�������
�'%��
�%����
����
��+�%����+���
+��

���"�

�����)�	��
��**��
�	��
����+��$�����������	��

;%���%�+��������
���������������%���
'���"�#���
����
���*��
��+�����
�������*��*���
'���������2������"�������#����'�������%��������
����������%�*�����
*����"�
2��%���"��
1%��������
��+
���;!H�,���"����*����
���+����%���%"�
�%�����;!H�,���"�����
��+���2��������+
���'��%���+���+�
�
�
���������*����%����
*����������'��%�,��"�������
%��%�������'����������'��%����*���+����
�������-I��*��"#� 99.#�1���*��5���"#����%
0�
�����%��
�����
���'��%����
�������������%�%��%��
2��%���"��#�'%��%�������2�
+�(��

(.�+������1%��,�����
��������
������������"�;!H�,���"��������
��+���"��%���+

-4C�3��
�4F�Cµ�J+4�0�2
���%�+
������"��%��%����������2�
+� )��
�(.�+�������
',�#
'%���%�����%��%�������*����
�+���%��%��
����*����
*����,���
��
2�(��
�.�+���#��%

���������
��������
��������� C��
�4)�µ�J+4�����
'�'��������
2�)�.+J��'���*��
�%�
*�%
*���%���+*����
����+��1%�+
���
,�����������%�8� )��
��������
���"���2���
��
2
 �4��
�(�@�2
���%��%���
2�.+��
�(+#�������,�"���1%���*��������%
'�����6��*��C�

#�$����-"���
������������
��������
�������2*����
��
2��2������"��%��%��

���������
�#��%�����2������"��2����%��%����"���
��
��"��%������%���
����
������
2�+������
�%����#��*�����
��%������%����������������*��
��
2��%�+�����1%��+�������
����
�����
��*�������*���%�����2������"��2����%��%��2�������"��-*�*���"� )�
��+
����+��%��%�0

234,���5�"���� �����&��)�,�!!������6�5���7���)�(
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����
2� �)�+J��������������
�����
�#��%��
�������������+�"����,���,����$��
+���
2*��%���%����%"����*���"��
#�����2������������'�������,��+*�%�2*��%���*��%�+*�%��
���
�*�����
����+��1%�����*����%�
,���������
��
2��
�����������������%��
��������
+
�����#�������
�������%����
����+
������'%��������
�����
��
2�2���������������+
�
�+�
������

'"� .���������������	��/����.����0��1�

&�����������
��+
������+*����2��%�+����
���,�"���+���������*+�
2��%�+����
�
�*������%���+��������*��#�%
',�#��%�+�����
����*������%���+�����
���
*������>�����%
�
����*�����"�����
��"��'
��
��,��+����%��%#�����+
����������������
���������'��%��
�%��
'��2�����+���-6��*�� 0#��%�+�����
�����������2�������*���������+������*�%����4)
��
������1%�����
����+���
������
����
��+
�������������
*��4)=�
2��%�+����'�����
�
����*�������4)���
�����+����#�����
�%����*����+��*���,��+*�%��������
�������4�
6��*��3��%
'���%�����
*��9)=�
2��%�+��������
���'��%���.)�+���2�
+��%��
*�����1%�����
���6��*��3�����
����K*����2
��'��������������%�����
����"����
��
2��%����
���'%"��%
���������
�����������L������%��,����,��*������%�6��*�#��������*+����'�����������)�.
+J�#� +J��
�� �.+J�#�'���������*�����%��
�����
��2���
����� �4#� �9�����(�4�������,�"�
1%������+������2
������+�����
2�4)���
���#�'%������+���������%�*�������%�+
��������
��22���#��%�2���
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1%���
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22����
�%����
�*����������%�+�K
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����*��
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��+���
',�#��������
����*����
�2�����%������2���
��2
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��������
K������*���%�2���
���,��"�'��%��%����*���
�#����������+��"�
�%�
��
�����'���
���
���������1*��*����
,���
*�%��*�2����+�"���������%���
����
�
���#�
��
���%�
�%��%���#����+�"�+����%��������������%���������+�$��%���
����
�����
�
'������*���������#��*������������,%�������22���+�$���%����*���
������%��
'����"��+
�
�
+��������-B����+��������#� 99F:��B�����'��B���#������#� 9990��������%��2���
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�22����%�+
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�����������
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1%���
,�����"��������������%����%��������
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����*��
�
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����"���2���
����������2�
+� �3��
�  ��*��
��%�����+����
2�+�����#���"�
%��%�#�������+���������%�+
�����#�'%��%������22����%���
����
����
�����������%�
2���
��������*����"��"��+�������
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  k     sigma   pressure   height thickness      CAMx Layers
===========================================| |==================
 26    0.0000    100.00  15675.96   2004.22
 25    0.0500    145.00  13671.75   1584.98
 24    0.1000    190.00  12086.77   1321.62
 23    0.1500    235.00  10765.15   1139.09
 22    0.2000    280.00   9626.06   1004.34
 21    0.2500    325.00   8621.72    900.35
 20    0.3000    370.00   7721.37    817.43
 19    0.3500    415.00   6903.94    749.61
 18    0.4000    460.00   6154.33    693.00
 17    0.4500    505.00   5461.32    644.98
 16    0.5000    550.00   4816.34    603.67
 15    0.5500    595.00   4212.67    567.73
 14    0.6000    640.00   3644.94    536.15
 13    0.6500    685.00   3108.79    508.15
 12    0.7000    730.00   2600.64    483.15
 11    0.7500    775.00   2117.49    460.68
 10    0.8000    820.00   1656.81    440.36        --10---
  9    0.8500    865.00   1216.45    338.91        ---9---
  8    0.8900    901.00    877.55    246.93        ---8---
  7    0.9200    928.00    630.62    161.35        ---7---
  6    0.9400    946.00    469.27    158.83        ---6---
  5    0.9600    964.00    310.44    117.52        ---5---
  4    0.9750    977.50    192.92     93.05        ---4---
  3    0.9870    988.30     99.87     53.89        ---3---
  2    0.9940    994.60     45.97     23.27        ---2---
  1    0.9970    997.30     22.70     22.70        ---1---
  0    1.0000   1000.00      0.00 =================Surface======
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� +�)�� �H �2 HH �2 2�2=

� ��������1�	>#���&�� �= E2 3� � 2�2F

= ���
������1�	>#���&�� �= �2 3� � 2�2F

F �
'����>���
�����

1�	>#���&��

�= �2 3� � 2�2F
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SOURCE CONTRIBUTION ESTIMATES -  SITE: BFS5         DATE: 12/25/99    CMB7 33889
 SAMPLE DURATION        24      START HOUR        0         SIZE:    ALL
        R SQUARE       .99    PERCENT MASS      95.9
      CHI SQUARE       .14              DF        23

   SOURCE
      * TYPE     SCE(UG/M3)    STD ERR      TSTAT
 ---------------------------------------------
 1      TVPRD        2.1532      .2363     9.1118
 71     RWBCOMST    15.4800     2.2525     6.8725
 105    AMMON        3.5769      .4049     8.8332
 106    SULFATE      2.5235      .3175     7.9476
 107    NITRATE     11.7357     1.3201     8.8897
 ---------------------------------------------
 SPECIES CONCENTRATIONS -  SITE: BFS5         DATE: 12/25/99    CMB7 33889
 SAMPLE DURATION        24      START HOUR        0         SIZE:    ALL
        R SQUARE       .99    PERCENT MASS      95.9
      CHI SQUARE       .14              DF        23
 SPECIES-------I---MEAS------------------CALC-------------RATIO C/M----RATIO R/U
 C1     TOTAL  T  37.00100+-   .74002  35.46931+-  2.63444    .96+-  .07     -.6
 C11    NA          .03930<    .08030    .00770<    .01231    .20<   .51     -.4
 C12    MG          .00100+-   .00100    .00274+-   .00444   2.74+- 5.22      .4
 C13    AL          .00100+-   .00100    .07366+-   .04036  73.66+-84.00     1.8
 C14    SI          .00100+-   .00100    .31666+-   .16071  *****+-*****     2.0
 C15    P           .00100+-   .00100    .00012+-   .01549    .12+-15.49     -.1
 C16    S           .86660+-   .05057    .86765+-   .08445   1.00+-  .11      .0
 C17    CL     *    .02240<    .03000    .01839<    .00486    .82<  1.12     -.1
 C19    K      *    .08810+-   .02370    .08244+-   .02127    .94+-  .35     -.2
 C20    CA     *    .05350+-   .05170    .04120+-   .00817    .77+-  .76     -.2
 C22    TI     *    .00100<    .05410    .00828<    .00850   8.28< *****      .1
 C23    V      *    .00100<    .02840    .00013<    .01550    .13< 15.96     -.0
 C24    CR     *    .00100<    .00790    .00025<    .01548    .25< 15.61     -.0
 C25    MN     *    .00100<    .00410    .00172<    .00065   1.72<  7.08      .2
 C26    FE     *    .07710+-   .00430    .07731+-   .00710   1.00+-  .11      .0
 C28    NI     *    .00100<    .00210    .00018<    .01548    .18< 15.49     -.1
 C29    CU          .05160+-   .00390    .00060+-   .00109    .01+-  .02   -12.6
 C30    ZN          .01900+-   .00460    .00534+-   .00527    .28+-  .29    -2.0
 C31    GA     *    .00010<    .00530    .00002<    .01548    .15< *****      .0
 C33    AS     *    .00100<    .00670    .00019<    .00095    .19<  1.58     -.1
 C34    SE     *    .00010<    .00360    .00001<    .01548    .06< *****      .0
 C35    BR     *    .00100<    .00340    .00017<    .00049    .17<   .75     -.2
 C37    RB     *    .00050<    .00340    .00023<    .01548    .46< 31.12     -.0
 C38    SR     *    .00080<    .00410    .00055<    .01548    .69< 19.67     -.0
 C39    Y      *    .00100<    .00450    .00006<    .01548    .06< 15.48     -.1
 C40    ZR     *    .00230<    .00650    .00027<    .01548    .12<  6.74     -.1
 C42    MO     *    .00300<    .01030    .00016<    .00172    .05<   .60     -.3
 C48    CD     *    .00100<    .01850    .00002<    .01549    .02< 15.50     -.0
 C50    SN     *    .00280<    .02710    .00006<    .01551    .02<  5.54     -.1
 C56    BA     *    .00100<    .13830    .00363<    .02672   3.63< *****      .0
 C82    PB     *    .00680<    .01060    .00073<    .00172    .11<   .30     -.6
 C201   OC     *   6.94550+-   .51070   7.63786+-  1.04129   1.10+-  .17      .6
 C202   EC     *   2.75100+-   .17420   1.69535+-   .69393    .62+-  .26    -1.5
 C203   SO4    *   2.59980+-   .15170   2.59980+-   .27876   1.00+-  .12      .0
 C204   NO3    *  11.77460+-   .60160  11.77460+-  1.17522   1.00+-  .11      .0
 C205   NH4    *   3.60830+-   .18340   3.60830+-   .36104   1.00+-  .11      .0
 C219   K2     *    .12210+-   .00630    .12115+-   .19700    .99+- 1.61      .0
 -------------------------------------------------------------------------------
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8#++*(&$'#. 8#*33'8'*.$- 3#+ $6*-* +*,+*--'#.- &+* ('-$*2 '. �&)(*- 
	�� &.2 
	�! 3#+ 2&$&

8#((*8$*2 &$ $6* !��� 5#.'$#+'., -'$* 21+'., ���� 9��� 0'.$*+ *7'-#2* 2&/- &.2 ����

0'.$*+ 6',6 9��� 2&/-	  �',6 '.$*+4*(*5*.$ 8#++*(&$'#.- :�
�
;�	�� )#(2< 0*+* #)-*+%*2 3#+

*(*5*.$- 8#55#.(/ &--#8'&$*2 0'$6 +#&2 21-$ -186 &- �� �&� �'� �.� �*� �) &.2 �+	
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�.< 0'$6 �* &+* '((1-$+&$*2 '. �',1+* 
	�	  �6* 6',6 8#++*(&$'#. #3 $6*-* *(*5*.$- -1,,*-$-

$6&$ & -'.,(* -#1+8* '- +*-7#.-')(* 3#+ $6* %&+'&)'('$/ #3 $6*-* *(*5*.$-	  � 8#57&+'-#. #3

&5)'*.$ *(*5*.$&( +&$'#- 0'$6 -#1+8* 7+#3'(* +&$'#- 3#+ +#&2 21-$ -6#0. '. $6* )#$$#5 #3

�',1+* 
	� -$+#.,(/ -1,,*-$- $6&$ �+*&-1+* �&((*/ +#&2 21-$ '- $6* 7+'5&+/ -#1+8*

8#.$+')1$'., $# $6* &5)'*.$ 8#.8*.$+&$'#.- #3 $6*-* *(*5*.$-	  �'5'(&+ +#&2 21-$ *(*5*.$&(

+*(&$'#.-6'7- 0*+* &(-# #)-*+%*2 &$ $6* �(#%*+2&(* 5#.'$#+'., -'$*	
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	  �6* �� &.2 �* +*(&$'#.-6'7 '- '.$*+.&((/ 8#.-'-$*.$ 0'$6 $6* 6/7#$6*-'- $6&$ $6*-*

$0# -7*8'*- &+* 2#5'.&$*2 )/ & 8#55#. -#1+8* -186 &- ,&-#('.* 7#0*+*2 5#$#+ %*6'8(*-	

�6* 6',6 2*,+** #3 8#++*(&$'#. )*$0**. $6* �� &.2 ��= &(-# '.2'8&$*- $6&$ 8#55#.

5*$*#+#(#,/ &.2 & -'.,(* -#1+8* 2#5'.&$* $6* %&+'&)'('$/ #3 $6*-* $0# -7*8'*-	

 �6* -(#7* #3 $6'- +*,+*--'#. 81+%* &.2 $6* �� $# ��= +&$'#- ('-$*2 '. �&)(* 
	� &+* &(-#

8#.-'-$*.$ 0'$6 & 2#5'.&.$ 5#)'(* -#1+8* 8#.$+')1$'#. $# $6*-* $0# -7*8'*-	  !&-*2 #. $6*

*5'--'#. '.%*.$#+/ 3#+ �2& 8#1.$/ &.2 $6* +*(&$'#.-6'7 0'$6 �*� $6* �� &.2 ��=

+*(&$'#.-6'7 -1,,*-$- $6&$ 5#-$ #3 $6* ��= '- 3+#5 5#)'(* -#1+8*-	  �. &22'$'#.� $6* -(#7*

#3 $6* �� &.2 ��= +*,+*--'#. 7(#$ '- 8#.-'-$*.$ 0'$6 $6&$ *=7*8$*2 3+#5 5#)'(* -#1+8*-

&.2 $6&$ 5*&-1+*2 &(#., $6* �&-&$86 3+#.$ '. �$&6 :�##7*+� ����<	 �6* -(#7* #3 $6*

+*,+*--'#. 81+%* :��	�
< -1,,*-$- & -#5*06&$ (#0*+ &5)'*.$ �� $# ��= +&$'#	  �6'-�

6#0*%*+� 5&/ >1-$ +*3(*8$ $6* 1-* #3 #=/,*.&$*2 31*(-	  �/7'8&( �� $# ��= +&$'#- 3#+

2'*-*( *=6&1-$ :�	�"�< &.2 0##2 8#5)1-$'#. :��"�< &+* ?1'$* 2'33*+*.$ 3+#5 $6&$

5*&-1+*2	

�',1+* 
	� -6#0- 3#1+ 8#57&+'-#.- #3 9��� -1(3&$* &.2 .'$+&$* 5*&-1+*2 &$ $6* !���

5#.'$#+ 21+'., 9��� *7'-#2*- '. $6* 0'.$*+ #3 ���� &.2 #. 6',6 9��� 2&/- 21+'., $6*

0'.$*+ #3 ����� &.2 #. 6',6 9��� 2&/- &$ $6* !#'-* �$	 �'*0 �86##( &.2 �(#%*+2&(*

5#.'$#+'., -'$*-	  �(( 3#1+ #3 $6*-* 7(#$- -6#0 -$+#., 8#++*(&$'#.- )*$0**. $6*-* $0#

-7*8'*- 06*. &%*+&,*2 #%*+ �� 6#1+- :�
�
 %&(1*- +&.,* 3+#5 �	�� $# �	�<	  �6'- '-

-#5*06&$ -1+7+'-'., -'.8* 3#+5&$'#. #3 $6*-* $0# -*8#.2&+/ -7*8'*- 2*7*.2 #.

-',.'3'8&.$(/ 2'33*+*.$ 3#+5&$'#. 86*5'-$+/	  �6*-* #)-*+%*2 +*(&$'#.-6'7- -$+#.,(/ -1,,*-$-

& 2#5'.&.$ 8#55#. -#1+8* &.2 8#55#. 5*$*#+#(#,'8&( 6'-$#+/ 3#+ $6*-* $0# -7*8'*- &.2

$6*'+ 7+*81+-#+-	  �6* -(#7*- #3 $6*-* +*,+*--'#. 7(#$- &+* 8#.-'-$*.$ 0'$6 $6* $/7'8&( .'$+&$*

7*+8*.$ #3 $#$&( .'$+#,*. #='2*- :� $# �@< &.2 7*+8*.$ -1(3&$* #3 $#$&( -1(31+ #='2*- :�� $#

�@< 3#+5*2 3+#5 $6*'+ 7+*81+-#+ -7*8'*-� '3 $6*'+ 7+*81+-#+- 0*+* 2#5'.&$*2 )/ & 8#55#.

5#)'(* -#1+8*	  �6'- $/7* #3 +*(&$'#.-6'7 0#1(2 .#$ )* #)-*+%*2 '3 & -'.,(*
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 �	
 �	� �	�� �	�� �	�� �	�� �	� #�$$

�� �� �	�� �	 �	�� �	�� �	� �	� �	�� �	 �	�� �	� �	�� �	�� #�$$

, �� �	�� �	�� �	�� �	�� �	�� �	�� �	�� �	�� �	�� �	�� �	�� �	�� �	�� #�$$

6% �� �	�� �	� �	�� �	� �	� �	� �	
� �	� �	�� �	�� �	�� �	�� �	� �	�� #�$$

��" �#$ �*$*8$*2



��

- ������#�����������7��������<�������������������*���������A���7����&���


������+�������

��B�$�>(;�C�$�$	

7
	
�B�$�1?

�

�	�

�	�

�	�

�	

�

�	�

�	�

� �	� � �	� �
����



�
��
�
�

��� ������+�������

��B�$�$	;���$�$$

7
	
�B�$�1?

�

�	���

�	��

�	���

�	��

�	���

�	�


�	�
�

� �	� � �	� �
����

�
�
�
 
�
�
��
�

���������+�������

��B�$�>>;�C�$�$	

7
	
�B�$�11

�

�	�

�	�

�	�

�	

�

�	�

�	�

� �	� � �	� �
����

�
�
��
��
�
�

�������+�������

��B�$�#$;���$�$#

7
	
�B�$�?>

�

�	��

�	��

�	��

�	�

�	�

�	��

�	��

�	��

� �	� � �	� �
����

�
�
�
�
�
�

����������7������������

�	���

�	���

�	���

�	���

� �& �' �. �) �+

7
�
�
�
��
�
��
��
�

!���4��

!���4��

�� ��



��

- ������	���������
"


���������������������������

�����������D� �E��� ��+���-�

�������������-�.�������� 

���

- ����������������
"


���������������������������

�����������D� �E��� ��+��

%";������������������-�.

������� ����

��������.�
"3%"'�7����

������������7���� *������7����

������ 7��� ����� 7���

�5&(	 �1,&+ �	
� �#%	 ��	�

�##2 �#5)	 ��	� �*8	 �
	�

�$6*+ �#5)	 �	� �*8	 ��4�� ��

�$	 �#5)	 
	�� A&.	 ��	�

�&-	 �*6'8(*- ��	� �*)	 
�	�

�'*-*( �*6'8(*- �	�
 �&+86 ��	


�#)'(* �	�
 �'.$*+ ���� ��	�


"�+���%"'�/�����#111���&����*+ �

��B�##�.�;�C�$�@.

7
	
�B�$�>1

�

�	�

�

�	�

�

�	�





	�

� �	�� �	� �	�� �	�

%"'�8<<�:



"
�8
<
<
�
:


"�+���-�

��B�$�??;�C�$�>@

7
	
�B�$�?>

�

�	�

�

�	�

�

�	�

� �	� � �	� �
�����82 3�4:



�
��

�
�
��

�
�
�
;
�
��

8<
<
�
+
:



��

- ������(�
��<���������	(������*+��� ����#$�������������%���������������������

�����-����������%���.F����������,�A���������������������
��+�������������� �����

-#1+8* ('B* �5&(,&5&$*2 �1,&+ 0*+* & -',.'3'8&.$ 8#.$+')1$#+ $# *'$6*+ #3 $6*-* $0#

-7*8'*-	  �$ '- &(-# '57#+$&.$ $# .#$* $6&$ ��� 8#.8*.$+&$'#.- &$ $6* !��� 5#.'$#+ 0*+*

&)#1$ 
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8#.8*.$+&$'#.- &$ $6* !��� 0*+* &- 5186 &- ��@ ,+*&$*+ $6&. &$ $6* �(#%*+2&(* 5#.'$#+	
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�#1+8* &77#+$'#.5*.$ +*-1($- 3#+ *&86 3'($*+ 2&$& -*$ 5#2*(*2 &+* -155&+'C*2 '. �&)(*-

�	� $# �	�	  �6* 3'+-$ $0# $&)(*- -155&+'C* +*-1($- 3+#5 $6* )&-'8 ��! 5#2*(	  �#7'*- #3

$6* 3'.&( ��! 5#2*( +*7#+$- &+* 7+*-*.$*2 '. �77*.2'= ! &(#., 0'$6 $6* &5)'*.$

86*5'-$+/ &.2 ,##2.*--4#3 D3'$ 7&+&5*$*+-	  �&)(*- �	
 $# �	� ('-$ $6* +*-1($- 3+#5 $6*

��!4��� 5#2*(	  �6* 2*$&'(- #3 $6'- 5#2*('., &77+#&86 &.2 & -&57(* 8&(81(&$'#. &+*

7+*-*.$*2 '. �77*.2'= �	  �&)(* �	� -155&+'C*- $6* +*-1($- 3+#5 $6* ��94��! 5#2*(

3#+ $6* $6+** -$12/ 2&/- '. �*8*5)*+ #3 ���� 3#+ 06'86 8#57(*$* 2&$& -*$- 0*+*

&%&'(&)(*	

�6* )&-'8 ��! 5#2*( 0&- #.(/ &)(* $# +*-#(%* -#1+8* '57&8$- '.$# $6+** ,*.*+&( -#1+8*

8&$*,#+'*- &.2 & -*8#.2&+/ -7*8'*- 8&$*,#+/"

• � �#&2 �1-$

• � �#$#+ �*6'8(*-

• � �##2 �#5)1-$'#.

• � �*8#.2&+/ �7*8'*-

�#&2 21-$ 0&- 0*(( +*-#(%*2 3+#5 '57&8$- #3 #$6*+ -#1+8*-� &.2 $6* 1.8*+$&'.$'*- '. $6*

���- 3#+ $6'- -#1+8* 8&$*,#+/ &+* &)#1$ � $# ��@	  �#0*%*+� '57&8$- 3+#5 5#$#+

%*6'8(*- :,&-#('.* &.2 2'*-*( 7#0*+*2 %*6'8(*-< &.2 -$&$'#.&+/ 8#5)1-$'#. -#1+8*- -186

&- 0##2 8#5)1-$'#. 0*+* .#$ 0*(( +*-#(%*2 &.2 $6*'+ 1.8*+$&'.$'*- +&.,* 3+#5 &)#1$ ��

$# 
�@	  �6* )&-'8 ��! 5#2*( +*-1($- &+* ,*.*+&((/ 8#.-'-$*.$ 0'$6 $6* ��!4��� 5#2*(

+*-1($- 3#+ 7+'5&+/ 9��� ('-$*2 '. �&)(*- �	
 &.2 �	�	  �#0*%*+� $6* )&-'8 ��! 7+'5&+/

5#$#+ %*6'8(* +*-1($- &+* ,*.*+&((/ (#0*+ $6&. $6* ��!4��� 5#$#+ %*6'8(* ���-	  �6*

)&-'8 ��! 0##2 8#5)1-$'#. +*-1($- &+* ,*.*+&((/ 8(#-*+ $# $6* ���- +*7#+$*2 )/ $6*

��!4��� 5#2*(	  �6* 2*,+** $# 06'86 $6*/ 2'33*+� 2*7*.2- '. 7&+$ #. 06*$6*+ #+ .#$ $6*

)&-'8 ��! 5#2*( 0&- &)(* $# +*-#(%* & 5#$#+ %*6'8(* -#1+8* 8&$*,#+/	

�6* +*-1($- &+* -155&+'C*2 '. �&)(*- �	
 &.2 �	� '. 8&$*,#+'*- -'5'(&+ $# $6#-* ('-$*2 '.

$6* *5'--'#. '.%*.$#+/	  �#)'(* &.2 -$&$'#.&+/ 8#5)1-$'#. 0*+* $6* $0# 5&>#+ -#1+8*

8&$*,#+'*-	  �6* .#.4+#&2 &.2 '.21-$+'&( 7#'.$ -#1+8* 8&$*,#+'*- 0*+* )*(#0 $6* 5*$6#2-

?1&.$'3'8&$'#. ('5'$- :'57&8$- 0*+* (*-- $6&. 1.8*+$&'.$'*-< #3 &)#1$ �	� E,F5
 #+ &)#1$

�@ #3 $6* 9���	

�6* ��94��! +*-1($- 3#+ $6* $6+** 2&/- 5#2*(*2 '. ���� &+* ('-$*2 '. �&)(* �	�	  �6*

,##2.*--4#343'$ 7&+&5*$*+- 3#+ $6* ��
$6

 &.2 ��
$6

 #3 �*8*5)*+ 0*+* ?1'$* ,##2� �6' �?1&+*

#3 (*-- $6&. �	�� &.2 7*+8*.$ 5&-- *=7(&'.*2 ,+*&$*+ $6&. ��@� &.2 5*$ �9� 3'$$'.,

+*?1'+*5*.$- 3#+ &. &88*7$&)(* 5#2*( 3'$	  �6* 3'$ #. $6* ��
.2

 2'2 .#$ 5**$ �9�

+*?1'+*5*.$-� 7+'5&+'(/ )*8&1-* #3 & 7##+ 3'$ #3 $6* -1(31+	  �3 $6* *5'--'#. '.%*.$#+/

-#1+8* 7+#3'(*- $6&$ 3'$ $6* &5)'*.$ 2&$& -# 0*(( #. $6* ��
$6

 &.2 ��
$6

 &+* +*7+*-*.$&$'%* #3

$6* *5'--'#.- #. $6* ��
.2

 &- '- ('B*(/ $6* 8&-*� $6*. $6* 7##+ 3'$ #. $6* ��
.2

 '- 7+#)&)(/ 21*

$# & (#0 +*7#+$*2 &5)'*.$ -1(31+ 8#.8*.$+&$'#. #. $6* ��
.2

	



��

��������	���
������
����������������������������������������������

�����

���	�


��

�	���

���������


��

�	����

�������


��

�����

������


��

�	����

������


 �

!�������


"�

#��������


$�

#����	��


%�

����������	�

����&����


'�

(����


�)�

�	����


���

� ���� ������		 
 �� ���
 ���� ���� 
�

 ����� 
�

 
�

 
�

 
�

 
�

 ���� 
�



� ���� ������		 
 �� ���
 ���� 
�

 
�

 ����� 
�

 
�

 
�

 
�

 
�

 �	��� 
�



 ���� ������		 
 �� ���
 ���� 
�

 
�

 ����� 
�

 
�

 
�

 
�

 
�

 ����� 
�



� ���� ������		 
 � ����� ���� ���� 
�

 �
�� 
�

 
�

 
�

 
�

 
�

 �� 
�



� ���� ������		 � � ����� ��
� ���� 
�

 	��� 
�

 
�

 
�

 
�

 
�

 ��	� 
�



� ���� ������		 �
 � ����� ���	
 ��� 
�

 ���� 
�

 
�

 
�

 
�

 
�

 ���� 
�



� ���� ������		 �� � ����� ��� ���� 
�

 ���� 
�

 
�

 
�

 
�

 
�

 ���	 
�



� ���� ������		 �	 � ����� ��
� 
�

 
�

 �
�	 
�

 
�

 
�

 
�

 
�

 ��� 
�



	 ���� ������		 
 � ����� ���� 
�

 
�

 ����� 
�

 
�

 
�

 
�

 
�

 ����� 
�



�
 ���� ������		 � � ����� 
�

 
�

 
�

 ��	� 
�

 
�

 
�

 
�

 
�

 ����	 
�



�� ���� ������		 �
 � ����� ���� ��� 
�

 ����� 
�

 
�

 
�

 
�

 
�

 ����	 
�



�� ���� ������		 �� � ����� ���
 
�

 
�

 ��	� 
�

 
�

 
�

 
�

 
�

 ����
 
�



� ���� ������		 �	 � ����� 
�

 
�

 
�

 ���� 
�

 
�

 
�

 
�

 
�

 ���
 
�



�� ���� ������		 
 �
 ����� 
�

 
�

 
�

 ����� 
�

 
�

 
�

 
�

 
�

 ����� 
�



�� ���� ������		 �
 	 ����� 
�

 
�

 
�

 ����� 
�

 
�

 
�

 
�

 
�

 �	��� 
�



�� ���� ������		 �	 � ����� 
�

 
�

 
�

 ����� 
�

 
�

 
�

 
�

 
�

 ����� 
�



�� ���� ����	� 
 �� ���
 ���	� ��
� 
�

 ���� 
�

 
�

 
�

 
�

 
�

 ���		 
�



�� 
� � ����	� 
 �� ���
 ���� ���� 
�

 ���� 
�

 
�

 
�

 
�

 
�

 ���
� 
�



�	 ���� ����	� 
 �� ���
 ��	� 
��� 
�

 ����� 
�

 
�

 
�

 
�

 
�

 ���	� 
�



�
 
� � ����	� 
 �� ���
 ���� 
�� 
�

 �
�� 
�

 
�

 
�

 
�

 
�

 �
���� 
�



�� ���� ����	� 
 �� ���
 �
�

 ���� 
�

 ���� 
�

 
�

 
�

 
�

 
�

 ���

 
�



�� ���� �����	� 
 �� ���
 ����� 
��� 
�

 	�� 
�

 
�

 
�

 
�

 
�

 
�� 
�



� ���� ������	� 
 �� ���
 ���

 
��� 
�

 ���� 
�

 
�

 
�

 
�

 
�

 �
��� 
�



!����"�

(�*��+��,�+-��.�
/01�2�

��
�

#$�
�%�& '(�& ')��

��(���

�%�&



��

�����

���	�


��

�	���

���������


��

�	����

�������


��

�����

������


��

�	����

������


 �

!�������


"�

#��������


$�

#����	��


%�

����������	�

����&����


'�

(����


�)�

�	����


���

� ���� ������		 
 �� ���
 ���� ��� 
�
 ��� 
�
 
�
 
�
 
�
 
�
 ��� 
�


� ���� ������		 
 �� ���
 ��	 
�
 
�
 �	�
 
�
 
�
 
�
 
�
 
�
 ��� 
�


 ���� ������		 
 �� ���
 ��� 
�
 
�
 ��� 
�
 
�
 
�
 
�
 
�
 �
� 
�


� ���� ������		 
 � ����� ���� ���� 
�
 ���� 
�
 
�
 
�
 
�
 
�
 ��� 
�


� ���� ������		 � � ����� ���� ���
 
�
 �
 
�
 
�
 
�
 
�
 
�
 ��� 
�


� ���� ������		 �
 � ����� ��� 	�� 
�
 ���� 
�
 
�
 
�
 
�
 
�
 ���� 
�


� ���� ������		 �� � ����� ��� ���	 
�
 ��� 
�
 
�
 
�
 
�
 
�
 ���� 
�


� ���� ������		 �	 � ����� �	�� 
�
 
�
 ���� 
�
 
�
 
�
 
�
 
�
 ���� 
�


	 ���� ������		 
 � ����� �� 
�
 
�
 ���
 
�
 
�
 
�
 
�
 
�
 ��� 
�


�
 ���� ������		 � � ����� 
�
 
�
 
�
 �	�� 
�
 
�
 
�
 
�
 
�
 
�� 
�


�� ���� ������		 �
 � ����� ���� ��� 
�
 ��	 
�
 
�
 
�
 
�
 
�
 	�� 
�


�� ���� ������		 �� � ����� ��� 
�
 
�
 ��
 
�
 
�
 
�
 
�
 
�
 ���� 
�


� ���� ������		 �	 � ����� 
�
 
�
 
�
 ��� 
�
 
�
 
�
 
�
 
�
 ���� 
�


�� ���� ������		 
 �
 ����� 
�
 
�
 
�
 ���� 
�
 
�
 
�
 
�
 
�
 �� 
�


�� ���� ������		 �
 	 ����� 
�
 
�
 
�
 ��� 
�
 
�
 
�
 
�
 
�
 ���� 
�


�� ���� ������		 �	 � ����� 
�
 
�
 
�
 ���� 
�
 
�
 
�
 
�
 
�
 ���	 
�


�� ���� ����	� 
 �� ���
 ��� ��
 
�
 ��
 
�
 
�
 
�
 
�
 
�
 ���� 
�


�� 
� � ����	� 
 �� ���
 ��� ��� 
�
 ���	 
�
 
�
 
�
 
�
 
�
 ��� 
�


�	 ���� ����	� 
 �� ���
 ��� 
�� 
�
 ��� 
�
 
�
 
�
 
�
 
�
 ��� 
�


�
 
� � ����	� 
 �� ���
 �
 
�� 
�
 ���
 
�
 
�
 
�
 
�
 
�
 �	�	 
�


�� ���� ����	� 
 �� ���
 ��� ��	 
�
 ���� 
�
 
�
 
�
 
�
 
�
 �
�� 
�


�� ���� �����	� 
 �� ���
 ��� 
�� 
�
 ��� 
�
 
�
 
�
 
�
 
�
 �� 
�


� ���� ������	� 
 �� ���
 ���� 
�� 
�
 ���
 
�
 
�
 
�
 
�
 
�
 ���� 
�


')�� !����"�

(�*��+��,�+-��.�
&�����	�

��
�

#$�
�%�& '(�&

��(���

�%�&

��������*���
������
����������������������������������������!���+��



��

��������,����
-&%����������������.���
����/�%'��������

	*�** 	*�*� 	*�*0 	*�** 	*�** 	*�** 	*�** 	*�** 	*�*� 	*�*� 	*�*� 	*�*� 	*�*� 	*�*0 	*�*0 	*�*0 	�� 	�� 	�1 	�1 *�	 	*�� 	*�	2

	333 	333 	333 	333 	333 	333 	333 	333 	333 	333 	333 	333 	333 	333 	333 	333 	33	 	33	 	33	 	33	 	33	 	33	 	33	

�������������� �� �� �� � � � � � � � � � � �
 	 � �� �� �� �� �� �� ��

�� !������"�#�$� 
 
 
 
 � �
 �� �	 
 � �
 �� �	 
 �
 �	 
 
 
 
 
 
 


����$%! ���
 ���
 ���
 ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ���
 ���
 ���
 ���
 ���
 ���
 ���


����&��� �
�

 �	�

 ��

 ���� ����� ����� ���	� ����
 �
��� ����� ���� �
��� ����� ���� ���� ���	 ��	�

 ����

 ���

 ����

 ����

 �
��

 	��



�����

'���
��� ��$��� ���� ���� ���� ���� ��
� ���	
 ��� ��
� ���� 
�

 ���� ���
 
�

 
�

 
�

 
�

 ���	� ���� ��	� ���� �
�

 ����� ���



��� ��$��� ���� ���� 
��� ���� ���� ���
 ���� ���� ��
� ���� ���� 
��� 
��� 
��� 
��� 
�� ��� ��� ��� ��� ��� ��
 ���

' ����&"��! 
�� ���� ���� 
� 
��� 
��� 
��� 
�� ���� ���	 �� ��� �
 ���� ���� ���� ��
 ����� ����� ���

 ���� ��
� ���


' ��(�����! ��� ���� ���	 ���	 ���� ��
 ��
� ���� �� ��
� ���� 	��
 ���	 ��
� ��� ���� ���� ����� ��		 ��� ��� ��
� ����

�)�'*�+'� ��
 �
��� ���	 ���	 ���� ���� ��	� �� ���� ��� 	��
 ���	 ����
 ���� 	��� ���
 �
��� ��� ���	 ���	� 	�� ����� ���	

��� ��$��� ��
 ���� ���� ���� ���� ���� �� �	 ��	 ��� ��� ���� ��� ��� ���	 ���
 �
�

 �
�

 ���� ���� 	� ���
 ����

' ����&"��! 
��� 
��
 
��� 
��
 
��� 
�� 
�
� 
�
� 
�� 
��� 
�	 ��
� 
�	� 
��� 
��	 
��� ��� ���	 ���
 ���	 
�� ���� ���

' ��(�����! ���� ���� ���� ��
	 ���� ��� 
�	� ��� ���	 ���� ���
 ��
	 ���� ���� ���� ���� �
�� ����� 
��� ���	 ���� ��
	 ���

�)�'*��,-�-* ��� 	��� ��� ��
 ���� ��
� ���� ��� ���� ���� 	�� �
��� 	��� ��	� ��
� ���� ���� ��
� ����� ���� ����� ���
� ����

��� ��$��� �	�� �	��� ����
 ����
 ���� ��� ��
� ����� �	��	 ���	 �
�
� ���	 ����	 ����
 ���	
 ����� ���� ����� ��
� �
��� �	��� ���
� �����

' ����&"��! 
�
� 
��
 
��� 
�
� 
�
	 
�
� 
�
 
�
� 
��� 
�� 
��
 
��� 
��� 
��� 
��� 
��� ��� ��� ���� �	� 
��� ���
 ����

' ��(�����! 
�
 
��� 
�� 
�
� 
�
 
�
� 
�
� 
�
 
��
 
�
	 
��� 
��� 
��� 
�� 
�	 
�� 
��� 
��� ��
	 ��
� 
��
 
��� 
���

�)�'*�./0 �	��	 �
� ����� ����� ��	 ��	� ��� ����� �	��� ����� �
�� ��	 ���	� ����	 ���
� ����� ����� ����� ����� ���� 
�� ����	 �
�
�

��� ��$��� ��	� ��	� 
��� ���� 
��� 
��� 
��� ���
 ��	 ���� ��

 
��� ���� 
��� 
��
 
��	 ���� ���� ���� ��� ���� ���
 ����

' ����&"��! 
�
 ���� 
��� 
��	 
�� 
��� 
��� 
�� 
��� 
��� 
��� ��	� ���� 
��� 
�	� 
��� ���� ��
 	��� ���� ��

 �� ����

' ��(�����! 
��
 ���� ���� 
�� 
��� ��
� 
�� 
��� ���� ���� ���� ���� ���� ���� ��
 ��� ���� ���� �
�
� 	��	 
�	� ��� ����

�)�'*

)��0)���
���� ��
 ��
 ���� ���� ���
 
��� ���� ���� ��	� ��
 ��
 ���� �

 �� �
� ����� ����	 ���	� �
��� ��� ��� ����

$�4���

�����

'���

5���

 �4��

'������

 �4��

�������

6����

�����

������



��

�������������
-&%����������������.���
����/�%'��!���+��

	*�** 	*�*� 	*�*0 	*�** 	*�** 	*�** 	*�** 	*�** 	*�*� 	*�*� 	*�*� 	*�*� 	*�*� 	*�*0 	*�*0 	*�*0 	�� 	�� 	�1 	�1 *�	 	*�� 	*�	2

	333 	333 	333 	333 	333 	333 	333 	333 	333 	333 	333 	333 	333 	333 	333 	333 	33	 	33	 	33	 	33	 	33	 	33	 	33	

�������������� �� �� �� � � � � � � � � � � �
 	 � �� �� �� �� �� �� ��

�� !������"�#�$� 
 
 
 
 � �
 �� �	 
 � �
 �� �	 
 �
 �	 
 
 
 
 
 
 


����$%! ���
 ���
 ���
 ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ���
 ���
 ���
 ���
 ���
 ���
 ���


�����

'���
��� ��$��� ����� ��� ���� ����� ����� ����� ���� ���	
 �� 
�

 ����� ���� 
�

 
�

 
�

 
�

 ��

 ��� ���
 ���� ����� �
��
 ����

��� ��$��� ��� ���� ���� ���� ��	� ���� 	��� ���� ���� ��� �	 ���� ���� ���� ���
 ���
 ��	� ��	� ���� ��� ��� ���� ��

' ����&"��! 
��� �	� ���� ��� ��

 ���	 ���� 
��� ��
 ��� ��� ���� ��� ���� ��	 �	� ���� 	��� �
��� 	��� ���� ���� ���	

' ��(�����! �� 	��	 ����� ��	� ��
� ���	 ���� ���� ���� �
��
 ����� ���� ���	� ����� �	� ����� ����� ����� �
��� �	��
 ���
 ���� ����

�)�'*�+'� ��� ���
	 ���� ����� ���	� �	�	 ����
 ���� ����	 ����
 ��� �� ����� ���� ����� ����� ����� ����� ���
 ���	 ��� ��� ���	

��� ��$��� ���	 ��� ��� ����
 ���	� �
��� ���	� ����� ��	� ���� ���� ���� ���
 ��� �� �	 ���� ���� ���� ��
� ���� ���� ����

' ����&"��! 
��� ���� ���� 
��
 
��	 
��	 
�� 
��� 
�	� 
�	� ��
� ���� ���� ���� ���� ���� ���� ���� �

 ���� 
��� ���� ���

' ��(�����! ���� ��� ����� ���� ���� ���		 ���� ���� ����� 	��� ����� �	�		 ���	� ���� ����� ���	� ��� ���� ����� ���� ���� ��� ����

�)�'*��,-�-* ��� ���� �	�� ����� ���

 ����
 ���	� �	��� ����� ����� ����� ����
 ����� �	��� ����� �
��� ���	
 ���� ����� ����� �
��� ���� ����

��� ��$��� ����� ����
 	��� ���
� �	�
� ��	� ����� �
��� ����� ����� ����� �	�

 ���� ���	� ����
 ���	 ���� �	�
� ����
 ���	� ���� ����
 �	���

' ����&"��! 
��� 
��� ���� 
��� 
�
 
��� 
��	 
�� 
��� 
��� 
��� ���� ��
� ���	 ��	� ���� ���� ��	 ���� ���� 
�� ���
 ����

' ��(�����! 
�
� 
��� 
�	� 
��
 
��� 
��� 
��� 
��
 
��� 
��	 
�
 
��� 
�� 
�	� ��
 ��

 
��� 
��� 
�� 
��� 
�
� 
�� 
���

�)�'*�./0 ����� �	��� ����	 ���	 �	��� ��� ����� �
��� ����� ���	� ���	� �
��� �
�
 ����� ����� ����� 
�		 ��	� ����� ���	� ����
 ��� ���
�

��� ��$��� ���� ���� ���� ���� ���� 
��� ���� �	� ���� ��� ���	 ���� ��� ���� ��� ��� ���� ���� ��� ���� ��� ��� ����

' ����&"��! 
�� ��� ��� 
��� ���� 
�	� 
��� 
��� ���� ���� ���� ���� �		 ��� ��� ���� ���	 ���� ���� ��� 
��	 �
	 ����

' ��(�����! 
��� ���
 ��	
 ���
 ��� ��
� ���	 ���
 ��� ��	� ���� ���� ��� ��� ��� ���� ���� ���� ���� ���� 
��� ���� ����

�)�'*�

)��0)���
��� ���� ��� ��� ��� ���� ��� ��
� �
��	 �
��
 	�
� ��
� ����� ���	 	�

 ���	 �
��	 ����� ����� ����� ��	
 ���	 ��	


'���

$�4���

�����

5���

 �4��

'������

 �4��

�������

6����

�����

������



��

��������0�����������.���
-&%�����������������������������������������������

��������	 -�� ������ ����������
�	�����

�����

� ���� ������		 
 �� ���
 �����1�2����� ���1�2����� ����1�2���� �	��	�1�2����� �����1�2�
��� � �

� ���� ������		 
 �� ���
 �����1�2����� �
����1�2���� 	����1�2����� �
��1�2���� ���1�2����	 � �

 ���� ������		 
 �� ���
 �����1�2�
��� ���	�1�2����� ����1�2���� ������1�2����� ���1�2�
�	 � �

� ���� ������		 
 � ����� �����1�2�
��� ���	�1�2�
��� ��
�1�2����� ������1�2��� �����1�2�
�� � �

� ���� ������		 � � ����� ��
��1�2�
��� �����1�2���� �����1�2���
� ��	�1�2����� �����1�2�
�� � �

� ���� ������		 �
 � ����� ���	�1�2�
�	� �����1�2����� ��
��1�2����� ��	��1�2�
��	 ����1�2�
��� � �

� ���� ������		 �� � ����� ����1�2�
��	 ��	��1�2�
��� �����1�2����� ����1�2�
��� 
����1�2�
��	 � �

� ���� ������		 �	 � ����� ��
��1�2����� ���1�2���
 ����1�2���� ������1�2��� �����1�2�
�� � �

	 ���� ������		 
 � ����� �����1�2�
�� �����1�2����	 �����1�2���� �	����1�2���	 �����1�2����� � �

�
 ���� ������		 � � ����� 
�1�2�� ����1�2����	 �����1�2���� ������1�2���
� ��	��1�2����� � �

�� ���� ������		 �
 � ����� �����1�2�
��� 	���1�2���� 	���1�2����	 �
���1�2���� ���1�2���
� � �

�� ���� ������		 �� � ����� ����1�2�
�	� ���	�1�2���
� �
����1�2���� ��	�1�2����� ���1�2����	 � �

� ���� ������		 �	 � ����� 
�1�2�� �����1�2���� 	����1�2����� ���	��1�2���� �����1�2���� � �

�� ���� ������		 
 �
 ����� 
�1�2�� �����1�2����� ��	��1�2���
� ����	�1�2����� �1�2�
�	 � �

�� ���� ������		 �
 	 ����� 
�1�2�� 	����1�2����	 ��
��1�2����� ���
��1�2����� ���1�2���
 � �

�� ���� ������		 �	 � ����� 
�1�2�� ����1�2����� �����1�2����� ������1�2���	� �
��1�2�
�	 � �

�� ���� ����	� 
 �� ���
 ���	��1�2����� �
����1�2������ �����1�2��
��� ������1�2����� ������1�2����� � �

�� ��3� ����	� 
 �� ���
 �����1�2���
� ����1�2����� ��
��1�2��
��� ������1�2������ ����	�1�2���� � �

�	 ���� ����	� 
 �� ���
 ��	��1�2���
� ���	�1�2����	� ������1�2����� ������1�2������ ���	��1�2����� � �

�
 ��3� ����	� 
 �� ���
 �����1�2�
��� ���	��1�2�����	 �����1�2����� �����1�2����� �
����1�2����� � �

�� ���� ����	� 
 �� ���
 �
�1�2�	��� 	���1�2����� ������1�2���� 
���1�2�	��� ����1�2���� � �

�� ���� �����	� 
 �� ���
 ������1�2���� ������1�2���	� ���
��1�2����� ����	�1�2����
� ����1�2����� � �

� ���� ������	� 
 �� ���
 ���1�2����� ���	�1�2���� �����1�2��	� �
�
��1�2����
� �����1�2���
 � �

����!&�4�5�����"�6������&� ����"��7����
���89� :

��
�

#$�
�%�& '(�& ')��

��(���

�%�&

!��

�7!&

(�*��+��,�+-��.�
/01�2�

�!#3+ ��!*(�#�4
4�45�

��,�

#4���

&�#4�



�	

��������2�����������.���
-&%�����������������������������������������!���+��

��������	 -�� ������ ���������� �	����������

� ���� ������		 
 �� ���
 �����1�2��� ����1�2���� ����1�2��� �����1�2���� �	�1�2���� � �

� ���� ������		 
 �� ���
 ����1�2��� �����1�2���� ����1�2�� �	���1�2���� ����1�2��� � �

 ���� ������		 
 �� ���
 ����1�2�
�� ����1�2�� �	���1�2���	 �����1�2����� ����1�2���� � �

� ���� ������		 
 � ����� �����1�2���	 �����1�2��� �����1�2�� �����1�2���	 ����1�2�� � �

� ���� ������		 � � ����� �����1�2���� ���	�1�2���� ���1�2���� �	���1�2���� ����1�2���� � �

� ���� ������		 �
 � ����� �����1�2��� �	���1�2���� �����1�2���� ����1�2���� ����1�2���� � �

� ���� ������		 �� � ����� ����1�2���� �����1�2���� ���1�2���� �����1�2��� ���1�2���� � �

� ���� ������		 �	 � ����� ���	�1�2���� �����1�2��� �	���1�2���� �
���1�2����� ����1�2���� � �

	 ���� ������		 
 � ����� ���1�2�� ���	�1�2���� �����1�2���� ���	�1�2����� �
���1�2��� � �

�
 ���� ������		 � � ����� 
�1�2���� �����1�2���� �����1�2���� ���	�1�2����� �
���1�2� � �

�� ���� ������		 �
 � ����� �����1�2���� ����1�2���� �����1�2��� ���1�2���� 	���1�2���� � �

�� ���� ������		 �� � ����� ����1�2��� ��1�2��
 �����1�2�� �
���1�2���� ����1�2��	 � �

� ���� ������		 �	 � ����� 
�1�2���� �����1�2���� �����1�2���� �
�1�2��� �����1�2��� � �

�� ���� ������		 
 �
 ����� 
�1�2���� ����1�2���	 �	���1�2���	 �����1�2����� ����1�2���� � �

�� ���� ������		 �
 	 ����� 
�1�2���� �����1�2���� �����1�2��� �����1�2���� 	�1�2���� � �

�� ���� ������		 �	 � ����� 
�1�2���� �����1�2��� �
���1�2���� �����1�2��� ����1�2���� � �

�� ���� ����	� 
 �� ���
 ��1�2���� �����1�2���� ���	�1�2���	 ��1�2�	� �
�	�1�2�� � �

�� ��3� ����	� 
 �� ���
 �	�1�2�
�� �����1�2���� ����1�2���� ��	�1�2�	�� �����1�2��� � �

�	 ���� ����	� 
 �� ���
 ����1�2�
�� ����1�2�	�� �����1�2���� �����1�2���� �����1�2��� � �

�
 ��3� ����	� 
 �� ���
 ����1�2�
�� ����1�2�	�� �����1�2���� ���	�1�2���� �����1�2��� � �

�� ���� ����	� 
 �� ���
 �����1�2���� ���1�2���� �
���1�2� �����1�2���� ��	�1�2�
�	 � �

�� ���� �����	� 
 �� ���
 �
���1�2���� ����1�2���� ����1�2��	 ����1�2���� ����1�2��� � �

� ���� ������	� 
 �� ���
 ����1�2���� ����1�2�� ����1�2���� �����1�2���� ��	�1�2���� � �

����!&�4�5�����"�6������&� ����"��7�����;

')��
!��

�7!&

��
�

#$�
�%�& '(�&

��(���

�%�&

(�*��+��,�+-��.�
6�����	�

�!#3+ ��!*(�#�4
4�45�

��,�

#4���

&�#4�



��

��������	�
��������������������������������
�������������������������

����

 �!�����

"������

 �!�����

������

����������

����� ��	
 ��	� 
	�

����� 

	� 
�	
 �	�

�� ��	� �	 �	


����	����� �	� ��	� ��	


����� ��	� ��	
 ��	�

����� 
�	� 
�	
 ��	�

�� ��	� �	 �	�

����	����� �	� �
	� ��	�

����� ��	
 	� 
�	�

����� �	� ��	� �	

�� ��	� �	 ��	�

����	����� 
	� �	� �
	

"���#�������

$%#%%#&&

$%#%�#&&

$%#%'#&&

�������������� !�����"�����#�! $���%���& !'%��$�� �������#�"���! $�����������()

�%*���
	�	��������������+�)��%��,�%+����-�(���.�����/&�'��� ������$(�����0��(&���%)$

%!! )(�!�)(��%���& )��(*��( )�� )������
��
� ��1�&�!*��	���)���(��$%,2�������#�"��

�������� ������$(�����0��(&���(!'%&��(�� 0���������� �$��(+������%)�"�����#�! $����������

� ��%���������� ��&��& !' )�)��2�'�(!%�,�����2���& )$%�,�����%���%)$���& )$%�,�)(��%��	

#%��$� )� ���+�)��%���)$����%)$()+� ���0�)��� )������
��
2������%�( � ��$(�����0��(&��

�!(��( )��� �+%� �()��0��(&����!(��( )���� ��$�*������� )������
��
���%)� )������. �'��&�$()+

$%,�	��3 .�0��2�������#�"���! $�����������()$(&%�����%�����(��(!'%&���%�������)�(%��,����

�%!�� )�%���������$%,�	������"�����#�! $��2� )����� ������%)$2�()$(&%������%������$(������ 

+%� �()��0��(&�����"��%�( �(����*��%)�(%��,������ )������
��
���%)������. �'��&�$()+�$%,��%�

. ��$�*���/'�&��$��� !������/'�&��$�� .�$(�������%��(&� )����(��!%��$%,	

��(��(������%���� )�� ������4�,�$(�����)&���*��.��)��������. �! $���	��������#�"��

! $���(���(!(��$�*,�����%&&��%&,� �������!(��( )�()0�)� �,� )�����$%,�! $���$	��5����&�2

�����!(��( )�()0�)� �,��(/����������%�(0��� ��&��&%��+ �,�& )��(*��( )�	���()&������$(����

� �+%� �()��0��(&����!(��( )���%�( ��$($)6��&�%)+���(+)(�(&%)��,�*��.��)������(�����. �$%,�

! $���$�%)$������
��
2������ ��&��(!'%&���%�( ��$($)6��&�%)+�	������"�����#�! $��2� )

���� ������%)$2��(/����������%�(0���'�&(���& )&�)��%�( )��.(��()�%�� ��&��&%��+ �,2�%)$

%�� .���������%�(0��� ��&��&%��+ �,�& )��(*��( )��� �0%�,�()$�'�)$�)��,�� ��(������%!*(�)�

$%�%	������2�(���������%�(0���'�&(���& )&�)��%�( )��%��������%!���� !� )��$%,�� �����)�/�2

����"�����#�! $����� ��$�*�����������&������&�%)+()+����%�(0��(!'%&��� ������0%�( ��

� ��&��&%��+ �(��	��5����&�2�����"�����#��������� )������
��
�%����/'�&��$�� �*��%�*�����

�����&�( )� �����



��

��������	�
����������������
�������
��������������������


������ ����
�� 
������ ����
�� 
������ ����
�� 
������ ����
�� 
������ ����
�� 
������ ����
��

������	
� �������� ����� ����� ����� ����� ���� ���� ����� ����� ����� ����� ���� ����

�������� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

�����	����� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

���� ����� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����� �����

!���� ���� ���� ����� ���� ���� ����� ���� ���� ����� ����� ����� �����

�������� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

�����	����� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

���� ����� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����� ����

!���� ���� ���� ���� ����� ���� ���� ���� ���� ����� ����� ����� ����

�������� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����

�����	����� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

���� ����� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

!���� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����

�������� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

�����	����� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

���� ����� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

!���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� �����

����� ����� ����� ����� ����� ����� ������ ������ ������ ������ ������ ������

��
����"����

#��$�

%�
���&��

'�(�)��


���
���

'�(�)��


*�(��#��$�

���� 

!"#"�#$$ !"#"%#$$��&���
����&��


���'��(
!"#""#$$ !"#"�#$$ !"#"%#$$ !"#""#$$

�
���)*'#�+, �
���)-���!.,



��

�������	
����������	�
�����	���	��������

������������
������
�������
����	�	����	�	

������������������
������	���	�	�
����������	
�������

�� 
������
����!��
����
����

���
�	��
��������"
��#��!���������	�������
��������������������
 �����$%%%

��		
���#���
����
�����$%%$��������	���	���	��	��������������������
����

�
������
������
���	�����	� 
��������
�����	��&�$'����	���$%%$�������
�����	�

���	���$%%%������
���������(�����)�$���������	� �
����	
����#�����	!���	���#�����	

�����

���
���	�
���������
����*������$%%$������
����������
������ 
��+�,�
 ����

&�$'���"
��#��!��
�����	�!���������
������ 
��
����-,�
 �����&�$'���$%%$!���	

��	�
�	���� 
��).�,�
 �����&�$'���$%%%!���������
�����������	
����������
��	

�
���������
����)%,�
 �����&�$'���/���
���������#�������������&�$'��
��������
�	

�����	����!�����	��
�������
��
�������$%%$���	�
#�������� 
�����������$%%$�������

$%%%��	����	�������������������������(�����)�$!��������
������ 
�����
	��-',�
 ����

$%%$�&�$'��
��������
���������#�������
����	
����������
�����������$%%$���	�-'�,


 �����&�$'�0%1�-�2�3��4�����-.�,�0).�.�2�3��4���$%%%�

��������	
���������������������������������������������
�� �!�����
"""

���#!������#�$������������������
�������#�� �!�����
""



""


5�	�6����

7
���8�	�
9�����

�
���

7�	���

:

��

�
���

8�	���

6����

$-��2�3�;

�+,�0))�)�2�3�;4 �),�0�%���2�3�;4

�',�0)+�.�2�3�;4

-,�0%�%�2�3�;4
$�,�0$%�$�2�3�;4


"""

5�	�6����

7
���8�	�9�����

�
���

7�	���

:

��

�
���

8�	���

6����

-%�.�2�3�;

-,�0)�'�2�3�;4

$',�01���2�3�;4
�%,�0$%�%�2�3�;4

).,�0�$���2�3�;4

$',�01�$�2�3�;4

�����!�%�	���&��#��!���

'

.'

$''

$.'

�''

$%%$ $%%%

�
�


�
�'
(
�
)
*+ 	��
�����

������



��

���� �����	
����������

,	
� -%��%���

������	���������	����
�������/�����<�������	�����=������������������	���
�

�����	��������
�������
����	
���
�	� 
�������������
��	�����!��������������
	����
�����

���	���"
��#��!������&/����
�����	���������	����	���	����#�� �������
�������������



������#�������� 
����
���
���#��
����������������
�		�����������	�!������	���
��	����

 �����������	�����	�����	��
������
 ��
����#�� ���
��	��>�����������������
 

�#������������
�?���#��	��
��������	��
���������
 ��#�������
��
�����
�����������

	
����	��
�����������!�������	
�*���� �������	�������	��������������  ����������	�
 

� 
����
����������������������	
������
������������������������
��
�����
���
 ����

� 
����
��	�*������#�������� 
����
�� �
���
���	�	�����	��������!��������!����

��&������
���	�����*�������#���	�����	����
������<����������#�������� 
����
��	

�����������
�		����!�����������#���
 ��
� ��������������������
��������	���	������	
��

��	�	�
 ���
�		�����!�����	
�����
 �������
�		������������� 
������������ ���

����
�?���#��
 ���	�	���
��	��
���#��������#�������� 
����
��
���
	��&�$'!����

�	����	�� 
����
���
��#�����������#������
 ������������	����
�������������������

	���
�������	����
����
����������	���	
���
����

,	.� ���&�����/���#�/

����	����6������	�����
���#�������
������������������	
�����	���
��
��
 �����
�	�
���

�
������� �
������	
�����	���
��
�����	���������
	������
�
����������	��
������
�����

�
������������
 ���	�#�������	�	�
�����(�����.�$�������
	�� ���	���
��@
��.

�
��
����	��!��������	��	�
����������
�����������&�$'��
��������
�	�������������

����	����������#���	��
����������������������
 ������
	������
�
����������

����
�
�
������������������	������
����	
��	�	�����?
���
������
���
���������&�$'

��#��	����	����������	��
��
������������
�
�
����� ���
�	���	�
�	���� 
�������

�
����
����	
��	�������������������=���0�8�A!�$%%+4������	�����	������
�����
�	

�������������������������		����
 ����
�������
�����		����	�	����������	�
� ����
 ��

 �������	�
������#������ �

����/ ����	������	�
������#�	���������	����6����������!��

	�� �����������		����	�	��������	��
��������
���������������� �	�������������� ���

 �
�������		�������	�	����
���������

��������	�� ������	����#��	
�!����������	

#������
��
 ��������
������#�����������
�������	���/	�����	�� �����������		���

����	 �	!�#	�����������	�	�������!� 
�	����� 
��� ��������<�����������
���
�	!

����&�$'�#����	��	�����<�������	������
���
���
�	������	����	���� �	�� �������

���		����	���� 
����������	��
����������		�����������
 ������	����������������
���

	������	��	���������	�
 ��#��	
����
#����
������� �������������#����������		��������

�
#��	�������	�����	����	!�����	������
���
���
�	������	���������		�� �
��	�#����
����

���	���:���	����	���������	������
����	
����������������#������!����������������

�
���
���������
�����
�
��������������
���������	�0�8�A!�$%%+4�����������	

���
���
�������#����������#���������������������
����������
 ������	����	������

	��������������(����	�)�$��
�)�������	����������
�
�
�������������	� ������
�	����



�)

�������,	
�0�/���

����������

���������1�//�!

2�����#	

�������,	.

�!��&�/

�������/���&�/

��������

 �������������

��
�������#�

'

.

$'

$.

�'

�.

�'

�.

$�B''�/� -B''�/� $�B''�&� -B''�&� $�B''�/�

�������� �!

�
�
�
��
�
��
��
�'
3�
+

'

�'

)'

-'

+'

$''

0
�/
�
��
%
��
�
�

�#
��
!����

"�����

4��/�����%�����������������

�������#��5�/����������

'

'�.

$

$�.

�

��.

�

$�B''�/� -B''�/� $�B''�&� -B''�&� $�B''�/�

�������� �!

2
%
�
	�
$
��
#
��
�
��
#
�'

)�
+

'

.'

$''

$.'

�''

�.'

�''

�.'

2
%
�
	�
�
�6
��
�
��
��
�
�
��
'
+

:���������0�3	4

/���<���"����

&���<���"����

",

7�

�����

�������

���������

��	
�
����	�������	�

��� ��!���



�.

�������,	8�������������&��������5���������������'���&���+������������������#!� �!�

'

$'

�'

�'

)'

.'

-'

� � �

�
��
&�
�
��
�
�
�

8������!�$%%%������������8�����)!�$%%%�������������8�����.!�$%%%

7
���8�	�

5�	
����6���

8�	���6���

7��:

����
���

9������
���

&�������
 �����

&�����

���
�����

 �
��
��������
�������<�����������
����
����	
�������������������
����!����	����

 �
�����
��������
������	�
��	!�����
�	�������������	����6�������
����	��
���

���#��
�	��������
�����	����8��������
����!������
������	�
��	���������
������	

��	
���	
���������
�!����������������	������#��	���
 ��� �
�� �
���
���	�
��3#�������


���	�
��3#��������/	���	>�����
����	!������
������	�
��	�������
��

������������ �
�


�����������#��	�	��
����
���	�
��3#������ �
����8�������	�����	�
�����
�!�����	��

����#�����������<�������������������
���
�	������
�������#��	
�������	!���������

�
����������#�������	���
����������>�#��������		
�	�

���	���������
�
�
������
���
�	���������������&�$'����	��
�	����������	�	����

�����
�		���������������
#������
�
�
������
��������	��
����������
����	�
�	�����

 
����
�����	�
 ����������������������������&�$'����!���		
�	� �
��������?
�

���	�����	
����	��
�������
����
 �@���������� �
�����
������
�����	������� �
�����

�
	���
��
����8�����������!����������������!�����	����	!������#��	
�������

�����	�!�����������������������	�	���C��������	����������
���
�	!������� �
��	

�
#����������	�������		
�	����#�������
�����	
�����	���
����	�������
#������

�
��
����	�������	������������
�
�
����
�������	��
���������	�����	���	
�����

����
��
 ���		
�	!��������������	����������������	������9���
�	�� �����
�#��	
�

������
��� ����������������
���0��� ���!�$%%+!�5����!�$%+�!�&���	!�$%%�4�

�������������
��
	�
��
 �&�$'����������	��������&�$'�	������
����	
��	�	

	�������/���
����&�$'�	����
����<��<�����
 ��������	�
 �������������������

	����	D�������
�	�0������!�	�� ���!��������
���4!���
����		�	�
 �����
��	����	

0
������������������������
�4������		
������������������������
���� 
����
���%',�
 

����&�$'���		����������	��������&�$'���	
��	�����	�	������������ ����
��
 ����

�
�������
������
��
 ��
��
������������
����	
����	����	�����������
	�

����
�
�������	���!����������
��
�����������������
 ���		
�	���������
�
�
��

��������&�$'���	
���



�-

,	8� ������#�/�2���������

�������������������
 ��		����
�	��������
����������
���!��������	����������
��

������� 
�������
������	���	��
����#���������	���		����
�	������	��		������������

���
�!���������#�������������	�������
������

• � ����&�/����&���������##�/�����/!�����	��		����
��	����� 
������	����	

���������������
������9����
��������<����
���������	������������� ���
 ����

�
���� �	�	����
��������	��������������
������
�	��#��� ����� �����������	

����������� �������
 ���������	
��
 ���	���������	��<��������
���������

�����	��
 ������������������
 ��������	��	������
	��
 ������
�������	�0$+��
��'

�������	4�������	��
����>��� �������������

• � �������������&���������������5�����#�9���&����/���#���#�����//!

#�����5���#�������	����������������		����	�����������
�	������<��������
���

��������������
�!����
��������������
��������	��������

• � �����&�������/�������5��/�����/!���#����#������@
������
 �����	
�������
 ��	

�������
	��	
�������
 ���������������������������"
��#��!��
���
 ������������

������������
 ��	�������	���	�������
�	����������
����������������	�������

�
�������	
����	�������	��������
��
�� �!�������
������������������
���

����
	��	����
����������� ����	�������������������
�����������	����
#���

• � :�5����������&�������5��/���������������5���������&�����������������
 

	
����	��	��������
����������	������	�	��	�����������		�����������������
 

	����	��	����������������������	�
 � ����
���������������
 �������	�
 � ����
�

����������<��������'� 
��������	�������
�����������	��
 ������������������
 

	����	�����������������&������
����0)4!���������	�
����
���0$4��������
 

 ����
��

• � ����&��&���������������5��&������������	��		����
��	����������
�������

�
���������������	��
 ������������#����������	
�������		
�	���"
��#��!����

#����������	
������
��
	�
��	����������	��	�����������		����������#�������

����		���		
�	��������	��
�����������
�!������
�������#�������������

�
��
	�
��
 �������		
�	�	��<��������
������
�����������	������������

����������	��	����������	
�������
 ��	�

• � 2//�&�����5����������&�������5����&/�#�#�������	
�������
 ��	��	���������

�
	��	
�������
 ����������0��	>��4������	������
���%+,�
 �����&�$'���		
�	��

������	����	���
�����������
	��(�������
��@
��.��
��
������������������	����

���	���8��������$%%%�



�1

,	�� ����&��&������!����&��

• � 0��#� ����

�����
�����	�����	������������ �������������������
�		�������������	����	

�����
�	��	!�����
�
�
��������<���������		
�����������	����	������������
�	������

)�������������������������	��������������������������
 �1��
�$.,�
�����������

���������	�0������)�.4��������
��
��#��������
 �����>�����
 ���	����	��������

	������
���
����=������
	�
 �����&�$'����	�������	��
���
	��
 ��
�����	�����

	��
�����	���
��#��
 ������������
��������	�0��������)�����(�������$4����������
�!

��������#��������
 ����������	������
�		��������������<����������  �������������

�
����������
�����	����	���������(�����.�������������	���
�����	���
��������
�	�����

���
��
����
��8����������!��������!� 
�� ���������������
��	���
��������
�	�����

���
�����
�����	���	����!����
�����  ���������� 
�����������	�
���0E���	!�''4����

����
���������������������
��������
��

������)
��
������������>��
�����	���
��������
�	

���
����������������������	����������
��	��
�		�����������	�	
����������
�������

��	
�����	��
�����
�������������&�$'������	� �
����	�	
����������
��������
�		��������

����	�������
�	������	����������	�
��&���.������<�������	=����	�����
�	� 
����	

	
����������
��D����!���
���$'��
�$.�,�
 �������		�������&���.� ����
��

• � $��#���5������

�����

���
���	�
��	
����������
�����	����������������	��
������	��
��������	�

�
������
���
��������&�$'�
���������	��
����������	�	
�����	���	�
�	���� 
���
	��
 

����
����������
�����������
 �������������������
�!�����������	���	���
���+',�
 ����

��		���������		
�	� �
����	�	
�����������
����
�������?
��	
�����
 ����	����
�	����	

�������
	����	����	���	����<���	����/	�	���!��

���
���	�
�������	��������
	���

�
����������������	���������
�� ����
��
 �&�$'����������������
 ��������	� 
����	

	
����������
���������	�	��
�����
���������������
 �����
������������������������
�

���	�������	�����������
�		��������������	
�������
 ��	��
�	��������������	�����

���
���������������	�������� �
����
���$.��
��',� 
����	�	
����������
���������	

������������������
���	
�#��
�����	
����������
��	��>���
����	
�������		
�	����

��������
���
������0/�����<��4������������	� �
����	�	
�����������
�		��������

��������
�
�
��������<���������		
�	��������� 
���������
��	��������8��������$%%%�

8�������	����
��0(�����.��4!������������&�$'������� �
���

���
���	�
�

�����	��������
���)',��#�����
���������������&�$'������	� �
���
�����	�����

�
����	
����	�������	���������������	����������&�$'������	� �
�������
����	
����

�����
��	������
�		�������������������	�����		
�	����������	���#������
�������

�����	�����������&�$'������	� �
���

���
���	�
��	��
�		�����������	�	
����	

�<������������	������		
�	�
�����	���	��#������
�����	���	�����������
#�����

������������������

���
���	�
�����	���	�������	��������
������
����',�

• � ;���/����������#�1���&/���

����������!�������	��������	���������
���	
�#���������&�$'������	� �
����	�	
����

�����
�������������	
�#����	�����0'���2�3�;4����������	
����#�����	�������
�����������	

��$%%$�����	���#���
 �������	��
�		����������������	���
���
 ����������	
���������



�+

��	����
�!������
��������
�		��������������<��������
��������������	� �
�

�����������	
�����
������#�����	����������
��������	� 
����	�	
����������
������

��	���
���������������
�����������������������
���������������
 �������		
�

�#���
������
�
 �&�$'��
��9���������	�������
 ���	����
�
#�����
������)��
������
��

�����������&�$'������	� 
����	�	
����������
����������
���$�2�3�;����������

8��������	��������
��������
���)�2�3�;�
���������	��
��������$%%$�

���������	���
��
�����
 ���	�	
����������
��F	���������	�	��
������&�$'������

���������
 ��������
��
������
 ���	��
��
�����������	�
���������������
 �����	
����

�����
��������#����		
������	� 
��	�� ���������������������	
��	����	������	���
�����

�
��
����������	����
��
������������	�
������������
��������#����		
������	!������	

	����������#��	�� ���������������	������
��  ������	����������!����#��
�!����

�
���
��
 ������  �����������
��	�
 ���		
�	������	������������	�����		
�	����

�<��������
����	��	�����������������������������������
���&�$'��
��9������#����		
�

����	��	����
����
��
�������������&�$'��
��
�����
 ���	�	
����������
��	�������

C	��
 �$%%%���		
���#���
��� ���
�	��
����
��
��$%%$������	����	� ������

������������
����	�����	�������������������������
��������	��	������������
����',�

• �  ����/�������#�1���&/���

�����
���������� �
����	����
������#�����	���	���
�������	�����	������ �
����	
����

�
������#�����	���"
��#��!����������������������� ����
��
 �������	���������	

	��	��������������������������� 
����	
�����
������#�����	������������	��
 ���	��

�
������#�����	!�����	��
���������������
��
������������ �
�����
��
 ���
����',�
�

8����������!�$%%%��
�������
 ���
���+',�
��G�������1!�$%%$���������������������

 ����
��
 ���	�	
����������
��F	���������	���	���
��������	����
���	
������		
�

�#���
������
� 
��&�$'���		
�	���/���
������	�	��������������
������
!���	�����

�����
���������
�������������#��	
����
��
����		
�����������	��	������

��������������������	� 
����	�	
����������
���	��	��������
������
����',� 
��������

���>���	���"
��#��!��	��
����������
��)�'!������  ����������������	� �
����������

�����
����������
������������������������&��������	!��
�����������������������

�����<���������		
�����#��	�������	!����������������	������
���<��������


����������������	������	���#�����������	�
�����	���	�8�����������&����������	

�	������������)�+������<��������
��
�������������������	������	��������	�
�����	���	

8���

������������
��
�����
 ���	�	
����������
��F	������!��	�������	������
 ���	
���

#�����	!�������	���
#�������������8�����������	�	������������	��
�������
��
����!

�
��#��!������	���
#�������	�������
���#�����
������������	����������	����#������
�


�����	���	�8���0E���	!�''4�����	�	����	�	���������
�������������		����������
�

���	���	�8���

• � -�������5�������

�������	� 
����	�	
����������
���	���	���
����		
���#���
���	������
 ��

�

�
���	�
������
����� �����
���	�
��	
����	�������
�	��
�����������	���������:


����������!������	�����
����
������
���������	�� �����	
���������	������
�������	



�%

	
�������	��<������������	��
 ������		������
�����#�������	������
#����������	���	

�
��������
�������������#�����
��
������
 ����	����
�	
����������
��	������<������

�
�����	�����������	�����������#����		
���#���
��	������������	��	�
 ����	����		
�	

�����<��������
�������	
������	����������
�		�����
#����������&�$'���	
������	�

��	�	
����������
���	���	�
�	���� 
���
	��
 �����	���
������
���	�
������������

	�� ������	���
������@9<������9<���		
�	!�����
������	����� ����
��
 �����������

&�$'�������

• � :���0��#�����&���

��	�	
����������
�����	��
������������������		
���#���
���	�����!�������������	��
 

�����<���������������������������	����		
�	�
���������	��
����������������������	�

���	����		
�	������<��������
���������������
������
��	��������������������
 ��
	��

• � ��#������/�����&���

/�	��� �������� �
����	�	
����������
�����	��
����������	������������	�������	������

�
������		��������
���'�.�2�3���
����		��������
���$,�
 �����&�$'���		���/����������

	�����	!���� ��!����������	��	�����	
�����
 ��
��������������	��
����������������

������	
��	����	������	��
������?�	���
����
 �@����!���
����'����	� �
���������������

���
�	����
���
��
����	�����������
	���������.� ���	���
����@
��
�����������

��		
�	� �
����	�	
��������
�������
�����#���������
������� �
�������
��
�!���������

�������
������������#��
�	�������
�����<����������<����������������������&�$'���	
��

���	����������
�!��	����������������
����������
���!����	����		
�	��������������

 �
�������
��
����
�����
�����	�
 �������������������#��	
��	��
��	�!������
����

	
�����	���
����	���
#��������������
	��
 �������	��
 ��������������#������
��	�������	�

���� 
����
��
 �	�� ����	��
��	�������	��
 �����������������������������
�!����

��		
�	� �
��/�������������������#���������#������*�����
 ��� 
��������&����

�
�����������
������#������������#����������� ���� ������������	�� ���������� ���	

������
 ���������	����	� 
��/�������������������/	�	���!�������<������������	

	
������������#���������	��������
���	����� ����
��
 ���	�	����	���"
��#��!��
��
���

�
����F���������	
�#������������&������
���!�������	�� ������ ���������	��
����������

������	�� ��������������������		
����
�	� 
���������	�	������

• � ��&��#��!���

����	��
���������������
��
�����
 �&�$'�������� �
�����
��
 ����
	��1,�
�

8����������!�$%%%��
�������
 ����
	��1',�
��G�������1!�$%%$���������
	���
�����

6������

��������$%%$�������&�$'���	
������	��������������=����������0H.',4

	��
������&�$'��
������
�	���/��
��
������
 ���	������� ����
��
 �&�$'���	�����

��	���
����		
���#���
���	�������������� 
��
������
��		����
�	B

• � ��		
�	�
 �������	
��	����	� �
������������
����	
����	���/����
��������

��	�
�	���� 
������#�	����?
����
 ����	��	����	!����

• � ������		
�	� �
�����	��	
����	�����������<���������#��	����

����
�
�
������	�
��	�



)'

���	!��������������
 �����	��
������	����	����
��
�������
�	��� ��	
����������
��	

	�����������
���������������
 �������		
���#���
�������������������
������������
#�

�		����
�	�����	��	 ��������������
������
���������������)��
���	�� ��������������

�
��������
�	�
������$%%$���	
������	!��	�������	��������
�����	��	�	����	�	��
��
�����

�
��
����
���
 �	
����	!�������	
��
��
�����������
�
�
������	�
��	���/	�	���!

����������	���������		
���#���
��������<��������
��
�������������
�����	
����

�
������
���	�����	� 
�����	��	��
������	����	�

,	,� ����������#�����������#�/�

���	���
���	���
#�������	
�������
�		�����	
������
������
���	�����	�
��������


���	�������������	���	!������
��
�����	���	�8�����������&������
��������������


�#�����	��
����
�		����������<������
�	������#���
����������������
����	�����	

�
����	
�������������� �	����������
�	�
 ��������������
�������������	�
�� <��

�����	
����������
������
	!�����������	������
�������	��������
 �������&���������

���*����������	��#�����������	���������
����������
�����
������	�������<��������


������� �����
 ��
���	����	�����	
����������
��	�

,	<� ���=�&���������������&��

���	���
��������	���	�	����	������ 
��
�����
����	
�	� 
��������&�$'���	
��

���
�	����
	�B

• � &�$'��
��������
�	����	�������������(�.��
��
�������
����������������

����	��
������������	
����		
�	� �
������������
����	
����	��������������

�����
 ������
��
��

• � ���	����		
�	�����������<��������<��������	���������
�
�
����

�	�
��	�
��&�$'���	
������	�

• � ���
������	����	�������	�
�	���� 
����
���-',�
 �����&�$'���		�

• � /�
���$',�
 �����@9<�������
���%',�
 ������9<������
�#�������
�����������

	�� ���!���	����#����0E���	!�''4�

���	!� ������&�$'������	�	�
���������
�
��
�����
��������
�
 � ��������		
�

�#���
��	������#���
�������		
�	�����������������
 �$%%$!��		�����	����

����
�
�
����
�������
�����	��$%%$�&�$'���	
������	�����	������
�#��	
�� ����
�	�

(�����������������������
�	����	������
�
�
������
���
�	��
�����������

���
�	����������	�
�����
���
��
 ���		
�	� �
�����	��	��� ��	
����������
��	�



)$

"��� �����#����

/����������	
�������
 ��	�������
��������	�������	�������
�����	�������	���


�������
���	��������
��
�������	����	�
 ����������
���������	����	�
 �������		
�

�#���
�����/������
��
 ����	���
���	��������������
��������
�����	��&�$'���	
��

���	���������(�.��
��
����	��!���		
�	� �
����	
�����
������#�����	!���	��

�
������#�����	������

���
���	�
���������	�
�	���� 
����
����*�����
��
�	�
 ����

&�$'���		������
����������
������ 
��+�,�
 �������		���9������
���	�
��	
����	����

�
�����	�����
������ 
��$�,�����-,!���	����#���������
������&��	����	�����

��	�
�	���� 
����
���-',�
 �����&�$'���		�
�����	����
�����&�$'���	
������	��

$%%$�

����&�$'���		!��	�����	��������	
������
������
�	��
�������
�����	��	��������	��

$%%%�������
�������	�����#��
 �&�$'���	
������	!�������
#���	��	�������#�������

����������
���	�������#��������	���	
���
�����������
�	���8���������.!�$%%%!����

�
��	��&�$'���������������$%%%�	��������
�!���	�	������
�����$%%$�&�$'���	
��

���	������������	��
������&�$'��
��
��������
������ 
��.',�
 �����&�$'������
�����	�

���
������ 
��-,�
 �������		��9����	����!���
���$',�
 �����@9<�������
���%',�
 ����

�9<�������
�#�������
������������	�� ���!���	����#����

�
��������	���	����������		���	���	�	����	�	������&�$'��
��������
�	����	�����������

�(�.��
��
�������
����������������<��������������	��
������������	
����		
�	

 �
������������
����	
����	��������������������
 ������
��
������	���
�����	�

�
����	
�	!� ������&�$'������	�	�
���������
�
��
�����
��������
�
 � ��������		
�

�#���
��	������#���
�������		
�	�����������������
 �$%%$!��		�����	����

����
�
�
����
�������
�����	��$%%$�&�$'���	
������	�����	������
�#��	
�� ����
�	

�
���
	�����	�����
��8���������.!�$%%%���(�����������������������
�	����	�

����
�
�
������
���
�	��
���������������
�	����������	�
�����
���
��
 ���		
�	

 �
�����	��	��� ��	
����������
��	�

������	� �
�����	�����	
����	�������	��������
������		������'�.�2�3�;�
����		�����

��
���$,�
�����	������&�$'����	�

������
#���
����	
�	���������#����
�����
������������������
�	����
���
��
����	��

��������
	��@������.�(�������
��



)�

$��� 
���
�����

�

���!�G�/�!���&��&�����	
�!���:��7���
��	�������:����������$%%)��I�������
 

9<���������5�	
����
��C�����
�����&�$'��
��������
�	�����&�$'��
��������

&���	J����	������#�
�������!������!�97��G�������1!�$%%)�

�����!�8����!�/��/�������!�����E��6	��������!�I���������/����		� 
��8��������

��� ������
 ����
������&���������	J���
������	�&���.B�/�(���&���������������!�G���

�+!�$%%+!�K
��������!��/!�/:�/!�&11$�

�&/!���������	
��������������
�!���������������
������� �
��C��&/��9  ���
 

/��A������&�������������������	!�7�	��������������&��>!�@�����11$$����7����

�
��
���
�!�7�	��������������&��>�@�����11'%�6��	
��$�.!�9����$%%��

�
�����!�����''$���&��	
�����
�������
������G
����

���!������!��''$�������� 
�

7������
���/���
�����!�7�	��������������&��>!�@����%$%�.)$�'+��

�&/��$%+1���&�$'���&�0�����������������
��&���4�8�#��
������5���������&/�).'���

+-�''$�

�&/��������$%+1���I&�
�
�
�� 
��7��
������8  ������	�/�
���7�����
�����

8	���	
���
���	J����&/�).'�)�+1�''+�

�&/��$%+1����I&�
�
�
�� 
��/�����������6�����������������
���J

�&/��$%%'��I7�����
���
�����������������	�6
���������0$%+%�7�#	
�4����1�C	��F	

������J���&/�).'3)�%'�'')�

�
�
����
����
���$%1$���-!�0$.+4B�$.)%'�0/����$)!�$%1$4�

5����!�@�6�!�G�/���
�����$%+���I5�	��
�&��������
�#��	
��
 ���� �����&
����&����

&����	�L������&��������=��
��
 �&�������
�����������
�	�J�/��
	��������#�
�����

6
��$1!�@
��%!�����$1.��$1-��

�8�A!�$%%+��I&�$'���������
�
�
�������������	����6�����J!�����
�8����������
 

��#�
��������A�����!��
	�!��8�

E���	!�"�!��������!��'''��I����	����6���������
������/��
	
�������B�(����7��
��!J

8�	����7�	��������	�����!�K�	�6���	!�@6��@
#��$.!��'''�

&���	!���@�!�G�"����� �����$%%���I"����
����
�	���� ����&�
����
�������C�����(
��J

�����	�
������������
����6
����-/!�@
��$)!������.'%��.���

��� ���!�G��"�!�I/��
	����������	��������&��	�	�
 �/��&
����
�!J�G
���:����M

�
�	!�@���N
�>!�$%+-!���1+�

��� ���!�G��"�!�I/��
	����������	��������&��	�	B�(�
��/��&
����
���
�������

������!J�G
���:����M��
�	�����!�@���N
�>!�$%+-!�����$��-�



�%%���&	��

���'(������)	#)�!	��	���������

��*+��	
�)(��)



�����
�

�

�

�

�

�

�
�� ××= ���

�����
�

�

�

�
��

�

�
�� ×=

����� ������ ��	
� −−−−=

�����

�

�
��

��

�
��

+
×= ����� =

����	
�

�



�

�

�

�

�

�

�
�

����

�
��

+++
×= � ��������� =

����
 �� ������� ×= ��������� =

����� ��

���������������������������������������� �!"

���

#��$���%�

&'#(

��)���

���)��

����*$��&�(

"��������)�%���

'����+�'�

&'"(

,�-��

���)�

'����'�

#.�

'����'�

&'.(

/�%�0�-��'��

'����&'/(

��%��

'���'���&'�(

"����$��+�'��&12�3�1,�3�",�(

&4(

/�%3���%��3�#.�3�,�-������)�

"������

&"(

/�%3���%��3�#.�3�,�-������)�

��������"������

&�(

/�%3���%��3�#.�3�,�-������)�

��������1�����

&�(

�

�

	

�
�

�

� � �������� ��!!�����"��!�#$%��&'(!)�

�� � �!!���*!��*+"�,��"�����-�.�/��+�-

�&'(!)�

# � �0'�����+ ��!1���,�#���&'(!)�
�

�� � �!��2�0��"������!�� ��$���"������-�+�.�/�

#

�� � �!��2�0��"���#��"�����-�.�/��+�-

�

�� � �!��2�0��"������!�� ��$���"�����-�.�/��+�-

�

3� �
�

3� �


3� �
�

3� ���!��2�0��"���3�4������-�.�/��

���������-�+�.�/���	#���,/��

#�!1�
�

�� �
�

�� �


�� �
�

�� ���!��2�0��"�����4������-�.�/��

���������-�+�.�/���	#���,/��

#�!1�

�� � �!��2�0���,/���#�!1�

� � �!��2�0��	�-����,��+�����#�!1�

� � �������� �-5����-�"��!�#$%���-*+,-

�&'(!)�

$� � �!!���*!�3�,��,��"�����!1��-�*���

�&'(!)�

3 � �������� �3�,��,��"��!�#$%��&'(!)�

3� � 3�,��,��"�����-�.�/��+�-

�� � ���!�� ��$���"������-�+�.�/��+�-��&'(!)�




( ) ( )( )
�

3



3

�

3

�

3

�

3
����

����

�
����3��$

+++
×+++−++= ��������� =



����������	
���������������������

����� �������	
��
����

�����
����
�����	��� ��
�����

���������������������
��

�	��
�� �

�� � � !"��#$%�&

�������������'�(�������)�*�	���

��������	
�

!"�	��

�# $ �	%��	&
����
'�	
#����%(�
)�"%����
*�����+

� $ ,-�.
��%�&
,��%�(�
�/
*�����+
�

#0 $ 0�.
1(-.
'�	
�	%��	&
����
'�	
#��
)�"%����
�

#0 $ 0�.
1(-.
'�	
�/
'�	
#��
)�"%����

,��%�(�
2�/3
4��
�.��
55�
�	
����
�����

0�%��%�(
1(-�(��	&
'�	
����
4��
���
�����&

0�%��%�(
1(-�(��	&
'�	
�/
4��
6�7�87
�����&

�( � �!�+�#$%�&

�������������'��������)�*�	���

��������	��

!"�	��

�� $ �	%��	&
����
'�	
�%����
)�"%����
*�����+
�

�0 $ 0�%��%�(
1(-�(��	&
'�	
�	%��	&
����
'�	
�%����
)�"%����

0�%��%�(
1(-�(��	&
'�	
����
'�	
�%����
)�"%����
4��
���
�����&

�� � �!,"�#$%�&

�

#

�

#
#

0

0
��.�� ××=

�

#

�

�
#�

0

0
�� ×=



�������������'�������������-
����

��������	�

!"�	��

�9 $ �	%��	&
����
'�	
9���%�(�	&
�������%�(
*�����+

�� $ �����	��
����
��
 �%��
�%	�
9���%�(
*�����+

�: $ �	%��	&
��
'�	
:���
����
*�����+

; $ 9���(��	&
�5��%��
'	��
�� 
	������
*�����+

9���(��	&
����
*,���(%��
<%�	���
9��'���+
'	��
�� 
4��
��.�7
�����

�� � ��!."�#$%�&

�������������'�������������/����-
���������0�*�����-
����

��������	�� +/!%* =

!"�	��

�% $ �	%��	&
����
'	��
�%�"�	
:��%��(�%��
!���
�������%�(
*!+

�	
/�"�	
�������%�(
*/+
%(
�����

0% $ 0�%��%�(
1(-�(��	&
'�	
�	%��	&
����
'�	
�%�"�	
:��%��(�%��

!���
�������%�(
*!+
�	
/�"�	
�������%�(
*/+
%(
�����&

0�%��%�(
1(-�(��	&
'�	
����
'�	
:��%��(�%��
!���
�������%�(
4��
���6
�����&

0�%��%�(
1(-�(��	&
'�	
����
'�	
/�"�	
�������%�(
4��
���
�����&

�/ � �1!"��#$%�&

�0 � �!12�#$%�&

��	�����������'��
����������(���)�*�	���3��������)�*�	���3��/�3�0�*�����-!

��������	��

!"�	��

9% $ 9��'���
'	��
�������%�(
*#
�
!
/+
*�����+

9 $ 9���(��	&
����
*9��'���+
'	��
�� 
*�����+
%

90 $
 0�%��%�(
1(-�(��	&
'�	
9/=
%(
#��
)�"%����
�%����
)�"%����

:!�
�(�
/�"�	
�������%�(
*�����&+

9���(��	&
����
*9��'���+
'	��
�� 
4��
6.��
�����

0�%��%�(
1(-�(��	&
'�	
9/=
%(
#��
)�"%����
4��
���
�����&

0�%��%�(
1(-�(��	&
'�	
9/=
%(
�%����
)�"%����
4��
���
�����&

0�%��%�(
1(-�(��	&
'�	
9/=
%(
:��%��(�%��
!���
�������%�(
4��
��
�����&

0�%��%�(
1(-�(��	&
'�	
9/=
%(
/�"�	
�������%�(
4��
��8
�����&

;����� �#:�9 −−−−=

/!

%
9%

00

0
��

+
×=

/

9

!

9

�

9

#

9

%

9
%

0000

0
99

+++
×=



�( � �!1"�#$%�&

�� � �!,"�#$%�&

�/ � �!�1�#$%�&

�0 � �!�.�#$%�&

��	�����������'�4����
���
����������(���)�*�	���3�������

)�*�	���3��/�3�0�*�����-
����

��������	�� %% 96>8.�, ×= +/!�#%* =

!"�	��

,% $ ,���(%��
9��'���
'	��
�������%�(

*�����+

4( � �!.��#$%�&

4� � �!"��#$%�&

4/ � �!+��#$%�&

40 � �!+.�#$%�&

��	�����������'�4����
��5�����������(���)�*�	���3�������

)�*�	���3��/�3�0�*�����-
����

��������	��


 !"�	��

�% $ ,���(%��
<%�	���
'	��
�������%�(
%(
#��
)�"%����
*#+
�%����

)�"%����
*�+
:��%��(�%��
!���
����.
*!+
�(�
/.
����.
*/+
*�����+

, $ 9���(��	&
����
*,���(%��+
'	��
�� 
*�����+
%

<0 $
 0�%��%�(
1(-�(��	&
'�	
</=
%(
�����&
*%
$
#��
�%����
!���
/�"�	+

0�%��%�(
1(-�(��	&
'�	
</=
%(
#��
)�"%����
4��
���77
�����&

0�%��%�(
1(-�(��	&
'�	
</=
%(
�%����
)�"%����
4��
��66>
�����&

0�%��%�(
1(-�(��	&
'�	
</=
%(
:��%��(�%��
!���
�������%�(
4��
���
�����&

0�%��%�(
1(-�(��	&
'�	
</=
%(
/�"�	
�������%�(
4��
��86
�����&

9���(��	&
����
,���(%��
<%�	���
'	��
�� 
4��
6.>
�����

�( � 2!,,�#$%�&

�� � ,!.,�#$%�&

�/ � �!���#$%�&

�0 � �!"2�#$%�&

( ) ( )( )
/

<

!

<

�

<

#

<

%

<
/!�#%

0000

0
,,,,<9,�

+++
×+++−++=



6��������

��������	��	
 /!�#/!�#/!�#:� ����,,,,������ ++++++++++++=

7����	��-����+3��1118

���-�
���������

��	�����
�
-	���$��

����

9#$%�&:

����

9;:

�� �	%��	& :���
���� �6.7� 6�.8

�( �	%��	& #��
)�"%���� �.�� �.>

�� �	%��	& �%����
)�"%���� �.87 6.>

�/ �	%��	& :��%��(�%��
!���
�������%�( ��.7� �7.>

�0 �	%��	& /�"�	
�������%�( �.�� �.7

4( 9���(��	& ,���(%��
9��'���
#��
)�"%���� �.>� 6.�

4� 9���(��	& ,���(%��
9��'���
�%����
)�"%���� �.7� �.�

4/ 9���(��	& ,���(%��
9��'���
:��%��(�%��
!���
�������%�( �.�� �.�

40 9���(��	& ,���(%��
9��'���
/�"�	
�������%�( �.�> �.�

�( 9���(��	& ,���(%��
<%�	���
#��
)�"%���� �.88 �.8

�� 9���(��	& ,���(%��
<%�	���
�%����
)�"%���� 8.>8 7.6

�/ 9���(��	& ,���(%��
<%�	���
:��%��(�%��
!���
�������%�( �.�� �.�

�0 9���(��	& ,���(%��
<%�	���
/�"�	
�������%�( �.7� �.>

�6 6�������� 21!� ���



������������	


	������	��������������



 ?�

1
 SOURCE CONTRIBUTION ESTIMATES -  SITE: BFS5         DATE: 12/22/99    CMB7 33889
 SAMPLE DURATION        24      START HOUR        0         SIZE:    ALL
        R SQUARE       .97    PERCENT MASS      99.4
      CHI SQUARE       .52              DF        22

   SOURCE
      * TYPE     SCE(UG/M3)    STD ERR      TSTAT
 ---------------------------------------------
 2      TVURD       38.6555     2.6416    14.6336
 28     HDDNFR4      4.5097     1.6422     2.7461
 71     RWBCOMST    21.6818     4.0227     5.3899
 105    AMMON         .6279      .1119     5.6121
 106    SULFATE       .7743      .2088     3.7083
 107    NITRATE      3.3053      .3901     8.4732
 ---------------------------------------------
 SPECIES CONCENTRATIONS -  SITE: BFS5         DATE: 12/22/99    CMB7 33889
 SAMPLE DURATION        24      START HOUR        0         SIZE:    ALL
        R SQUARE       .97    PERCENT MASS      99.4
      CHI SQUARE       .52              DF        22

 SPECIES-------I---MEAS------------------CALC-------------RATIO C/M----RATIO R/U
 C1     TOTAL  T  70.00100+-  1.40002  69.55452+-  4.24730    .99+-  .06     -.1
 C11    NA          .11170+-   .07980    .05528+-   .05088    .49+-  .58     -.6
 C12    MG          .00100+-   .00100    .03383+-   .06305  33.83+-71.55      .5
 C13    AL          .00100+-   .00100   1.50993+-   .72638  *****+-*****     2.1
 C14    SI          .00100+-   .00100   6.71362+-  2.98267  *****+-*****     2.3
 C15    P           .00100+-   .00100    .00390+-   .05075   3.90+-50.90      .1
 C16    S           .35557+-   .03123    .33997+-   .03393    .96+-  .13     -.3
 C17    CL     *    .10970+-   .06250    .06030+-   .02137    .55+-  .37     -.7
 C19    K      *   1.20110+-   .23930    .80927+-   .15713    .67+-  .19    -1.4
 C20    CA     *   1.17440+-   .20390    .89429+-   .15129    .76+-  .18    -1.1
 C22    TI     *    .14070+-   .04040    .14608+-   .02248   1.04+-  .34      .1
 C23    V      *    .00100<    .02860    .00142<    .02434   1.42< 47.31      .0
 C24    CR     *    .00100<    .00800    .01225<    .02183  12.25< *****      .5
 C25    MN     *    .03190+-   .00320    .04138+-   .00353   1.30+-  .17     2.0
 C26    FE     *   1.55980+-   .07810   1.42796+-   .11133    .92+-  .08    -1.0
 C28    NI     *    .00060<    .00220    .00534<    .02170   8.91< 48.72      .2
 C29    CU          .02670+-   .00320    .00309+-   .00166    .12+-  .06    -6.6
 C30    ZN          .09730+-   .00660    .01622+-   .00911    .17+-  .09    -7.2
 C31    GA     *    .00010<    .00530    .00017<    .02219   1.74< *****      .0
 C33    AS     *    .00380<    .00680    .00037<    .00211    .10<   .58     -.5
 C34    SE     *    .00010<    .00360    .00004<    .02169    .43< *****      .0
 C35    BR     *    .00440+-   .00260    .00052+-   .00094    .12+-  .22    -1.4
 C37    RB     *    .00330+-   .00250    .00438+-   .02169   1.33+- 6.65      .0
 C38    SR     *    .01530+-   .00330    .01128+-   .02171    .74+- 1.43     -.2
 C39    Y      *    .00100<    .00450    .00129<    .02217   1.29< 22.92      .0
 C40    ZR     *    .00480<    .00500    .00586<    .02171   1.22<  4.70      .0
 C42    MO     *    .00270<    .01030    .00053<    .00556    .19<  2.19     -.2
 C48    CD     *    .00310<    .01860    .00064<    .02313    .21<  7.56     -.1
 C50    SN     *    .00670<    .02720    .00398<    .02414    .59<  4.34     -.1
 C56    BA     *    .06300<    .13770    .04339<    .05447    .69<  1.74     -.1
 C82    PB     *    .00870+-   .00830    .00444+-   .00305    .51+-  .60     -.5
 C201   OC     *  12.67750+-   .85270  12.75669+-  1.57251   1.01+-  .14      .0
 C202   EC     *   5.82210+-   .35440   5.83304+-  1.07385   1.00+-  .19      .0
 C203   SO4    *   1.06670+-   .09370   1.06670+-   .18548   1.00+-  .19      .0
 C204   NO3    *   3.40010+-   .18700   3.40010+-   .34226   1.00+-  .11      .0
 C205   NH4    *    .70290+-   .03680    .70290+-   .10540   1.00+-  .16      .0
 C219   K2     *    .16370+-   .00840    .22516+-   .27597   1.38+- 1.69      .2
 -------------------------------------------------------------------------------
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 SOURCE CONTRIBUTION ESTIMATES -  SITE: BFS5         DATE: 12/24/99    CMB7 33889
 SAMPLE DURATION        24      START HOUR        0         SIZE:    ALL
        R SQUARE       .98    PERCENT MASS      88.8
      CHI SQUARE       .35              DF        23

   SOURCE
      * TYPE     SCE(UG/M3)    STD ERR      TSTAT
 ---------------------------------------------
 1      TVPRD       23.8249     2.1493    11.0851
 64     RWBCOMTV    17.7555     4.5793     3.8774
 105    AMMON        3.6946      .4537     8.1430
 106    SULFATE      3.9178      .4791     8.1766
 107    NITRATE     12.0665     1.3689     8.8147
 ---------------------------------------------
 SPECIES CONCENTRATIONS -  SITE: BFS5         DATE: 12/24/99    CMB7 33889
 SAMPLE DURATION        24      START HOUR        0         SIZE:    ALL
        R SQUARE       .98    PERCENT MASS      88.8
      CHI SQUARE       .35              DF        23

 SPECIES-------I---MEAS------------------CALC-------------RATIO C/M----RATIO R/U
 C1     TOTAL  T  69.00100+-  1.38002  61.25939+-  4.67761    .89+-  .07    -1.6
 C11    NA          .06600<    .07970    .06736<    .12358   1.02<  2.24      .0
 C12    MG          .00100+-   .00100    .04419+-   .03834  44.19+-58.51     1.1
 C13    AL          .00100+-   .00100    .83492+-   .43997  *****+-*****     1.9
 C14    SI          .00100+-   .00100   3.53885+-  1.78232  *****+-*****     2.0
 C15    P           .00100+-   .00100    .00475+-   .00899   4.75+-10.17      .4
 C16    S          1.35880+-   .07280   1.48066+-   .15549   1.09+-  .13      .7
 C17    CL     *    .11390+-   .06410    .40813+-   .56073   3.58+- 5.32      .5
 C19    K      *    .69610+-   .13930    .64219+-   .29820    .92+-  .47     -.2
 C20    CA     *    .59220+-   .11170    .51221+-   .14175    .86+-  .29     -.4
 C22    TI     *    .06130+-   .03990    .09284+-   .01894   1.51+- 1.03      .7
 C23    V      *    .00100<    .02820    .00221<    .00946   2.21< 63.03      .0
 C24    CR     *    .00100<    .00780    .00301<    .00191   3.01< 23.54      .2
 C25    MN     *    .01340+-   .00280    .01890+-   .00298   1.41+-  .37     1.3
 C26    FE     *    .87530+-   .04390    .85259+-   .07248    .97+-  .10     -.3
 C28    NI     *    .00130<    .00210    .00433<    .00952   3.33<  9.08      .3
 C29    CU          .01630+-   .00300    .00402+-   .00650    .25+-  .40    -1.7
 C30    ZN          .05000+-   .00510    .02669+-   .02102    .53+-  .42    -1.1
 C31    GA     *    .00020<    .00520    .00034<    .00152   1.72< 45.40      .0
 C33    AS     *    .00230<    .00690    .00061<    .00183    .26<  1.12     -.2
 C34    SE     *    .00070<    .00370    .00010<    .00085    .14<  1.41     -.2
 C35    BR     *    .00360+-   .00270    .00197+-   .00326    .55+-  .99     -.4
 C37    RB     *    .00270+-   .00250    .00291+-   .00087   1.08+- 1.05      .1
 C38    SR     *    .01340+-   .00330    .00673+-   .00141    .50+-  .16    -1.9
 C39    Y      *    .00100<    .00450    .00067<    .00107    .67<  3.20     -.1
 C40    ZR     *    .00500+-   .00500    .00352+-   .00184    .70+-  .79     -.3
 C42    MO     *    .00460<    .01020    .00040<    .00247    .09<   .57     -.4
 C48    CD     *    .00100<    .01860    .00327<    .00883   3.27< 61.41      .1
 C50    SN     *    .00480<    .02700    .00227<    .01120    .47<  3.54     -.1
 C56    BA     *    .07620<    .13730    .02773<    .04677    .36<   .90     -.3
 C82    PB     *    .01190+-   .00830    .00697+-   .00348    .59+-  .50     -.5
 C201   OC     *  12.28920+-   .82890  13.10292+-  2.56258   1.07+-  .22      .3
 C202   EC     *   4.65210+-   .28500   3.18776+-  2.06569    .69+-  .45     -.7
 C203   SO4    *   4.07640+-   .21840   4.07640+-   .42476   1.00+-  .12      .0
 C204   NO3    *  12.16670+-   .62130  12.16670+-  1.21968   1.00+-  .11      .0
 C205   NH4    *   3.87430+-   .19670   3.87430+-   .40702   1.00+-  .12      .0
 C219   K2     *    .18980+-   .00980    .18048+-   .21984    .95+- 1.16     -.0
 -------------------------------------------------------------------------------
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SOURCE CONTRIBUTION ESTIMATES -  SITE: BFS5         DATE: 12/25/99    CMB7 33889
 SAMPLE DURATION        24      START HOUR        0         SIZE:    ALL
        R SQUARE       .99    PERCENT MASS      95.9
      CHI SQUARE       .14              DF        23

   SOURCE
      * TYPE     SCE(UG/M3)    STD ERR      TSTAT
 ---------------------------------------------
 1      TVPRD        2.1532      .2363     9.1118
 71     RWBCOMST    15.4800     2.2525     6.8725
 105    AMMON        3.5769      .4049     8.8332
 106    SULFATE      2.5235      .3175     7.9476
 107    NITRATE     11.7357     1.3201     8.8897
 ---------------------------------------------
 SPECIES CONCENTRATIONS -  SITE: BFS5         DATE: 12/25/99    CMB7 33889
 SAMPLE DURATION        24      START HOUR        0         SIZE:    ALL
        R SQUARE       .99    PERCENT MASS      95.9
      CHI SQUARE       .14              DF        23

 SPECIES-------I---MEAS------------------CALC-------------RATIO C/M----RATIO R/U
 C1     TOTAL  T  37.00100+-   .74002  35.46931+-  2.63444    .96+-  .07     -.6
 C11    NA          .03930<    .08030    .00770<    .01231    .20<   .51     -.4
 C12    MG          .00100+-   .00100    .00274+-   .00444   2.74+- 5.22      .4
 C13    AL          .00100+-   .00100    .07366+-   .04036  73.66+-84.00     1.8
 C14    SI          .00100+-   .00100    .31666+-   .16071  *****+-*****     2.0
 C15    P           .00100+-   .00100    .00012+-   .01549    .12+-15.49     -.1
 C16    S           .86660+-   .05057    .86765+-   .08445   1.00+-  .11      .0
 C17    CL     *    .02240<    .03000    .01839<    .00486    .82<  1.12     -.1
 C19    K      *    .08810+-   .02370    .08244+-   .02127    .94+-  .35     -.2
 C20    CA     *    .05350+-   .05170    .04120+-   .00817    .77+-  .76     -.2
 C22    TI     *    .00100<    .05410    .00828<    .00850   8.28< *****      .1
 C23    V      *    .00100<    .02840    .00013<    .01550    .13< 15.96     -.0
 C24    CR     *    .00100<    .00790    .00025<    .01548    .25< 15.61     -.0
 C25    MN     *    .00100<    .00410    .00172<    .00065   1.72<  7.08      .2
 C26    FE     *    .07710+-   .00430    .07731+-   .00710   1.00+-  .11      .0
 C28    NI     *    .00100<    .00210    .00018<    .01548    .18< 15.49     -.1
 C29    CU          .05160+-   .00390    .00060+-   .00109    .01+-  .02   -12.6
 C30    ZN          .01900+-   .00460    .00534+-   .00527    .28+-  .29    -2.0
 C31    GA     *    .00010<    .00530    .00002<    .01548    .15< *****      .0
 C33    AS     *    .00100<    .00670    .00019<    .00095    .19<  1.58     -.1
 C34    SE     *    .00010<    .00360    .00001<    .01548    .06< *****      .0
 C35    BR     *    .00100<    .00340    .00017<    .00049    .17<   .75     -.2
 C37    RB     *    .00050<    .00340    .00023<    .01548    .46< 31.12     -.0
 C38    SR     *    .00080<    .00410    .00055<    .01548    .69< 19.67     -.0
 C39    Y      *    .00100<    .00450    .00006<    .01548    .06< 15.48     -.1
 C40    ZR     *    .00230<    .00650    .00027<    .01548    .12<  6.74     -.1
 C42    MO     *    .00300<    .01030    .00016<    .00172    .05<   .60     -.3
 C48    CD     *    .00100<    .01850    .00002<    .01549    .02< 15.50     -.0
 C50    SN     *    .00280<    .02710    .00006<    .01551    .02<  5.54     -.1
 C56    BA     *    .00100<    .13830    .00363<    .02672   3.63< *****      .0
 C82    PB     *    .00680<    .01060    .00073<    .00172    .11<   .30     -.6
 C201   OC     *   6.94550+-   .51070   7.63786+-  1.04129   1.10+-  .17      .6
 C202   EC     *   2.75100+-   .17420   1.69535+-   .69393    .62+-  .26    -1.5
 C203   SO4    *   2.59980+-   .15170   2.59980+-   .27876   1.00+-  .12      .0
 C204   NO3    *  11.77460+-   .60160  11.77460+-  1.17522   1.00+-  .11      .0
 C205   NH4    *   3.60830+-   .18340   3.60830+-   .36104   1.00+-  .11      .0
 C219   K2     *    .12210+-   .00630    .12115+-   .19700    .99+- 1.61      .0
 -------------------------------------------------------------------------------
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 SOURCE CONTRIBUTION ESTIMATES -  SITE: BFS5         DATE: 12/22/99    CMB7 33889
 SAMPLE DURATION        5       START HOUR        0         SIZE:    ALL
        R SQUARE       .99    PERCENT MASS      99.5
      CHI SQUARE       .19              DF        21

   SOURCE
      * TYPE     SCE(UG/M3)    STD ERR      TSTAT
 ---------------------------------------------
 3      TVSRD        4.5572      .4593     9.9222
 28     HDDNFR4      5.4286     1.1646     4.6615
 49     PBSS          .0460      .0148     3.0988
 74     RWBHWSTO    10.8296     1.6895     6.4100
 105    AMMON         .6353      .1035     6.1388
 106    SULFATE       .4877      .0770     6.3365
 107    NITRATE      2.2148      .2553     8.6746
 ---------------------------------------------
 SPECIES CONCENTRATIONS -  SITE: BFS5         DATE: 12/22/99    CMB7 33889
 SAMPLE DURATION        5       START HOUR        0         SIZE:    ALL
        R SQUARE       .99    PERCENT MASS      99.5
      CHI SQUARE       .19              DF        21
 SPECIES-------I---MEAS------------------CALC-------------RATIO C/M----RATIO R/U
 C1     TOTAL  T  24.30940+-  1.27680  24.19923+-  1.80164   1.00+-  .09     -.0
 C11    NA          .01840+-   .01480    .05671+-   .05693   3.08+- 3.96      .7
 C12    MG          .08690+-   .04050    .00559+-   .05711    .06+-  .66    -1.2
 C13    AL          .11380+-   .01220    .19368+-   .12010   1.70+- 1.07      .7
 C14    SI          .59800+-   .08180    .78641+-   .40549   1.32+-  .70      .5
 C15    P           .00170<    .00780    .00017<    .05434    .10< 31.97     -.0
 C16    S           .19753+-   .01767    .20526+-   .01888   1.04+-  .13      .3
 C17    CL     *    .09090+-   .04890    .08731+-   .01395    .96+-  .54     -.1
 C19    K      *    .17140+-   .01090    .12939+-   .06528    .75+-  .38     -.6
 C20    CA     *    .09150+-   .00860    .11464+-   .02824   1.25+-  .33      .8
 C22    TI     *    .00570<    .03940    .01520<    .01104   2.67< 18.53      .2
 C23    V      *    .00100<    .01660    .00027<    .00512    .27<  6.79     -.0
 C24    CR     *    .00110<    .00400    .00450<    .00120   4.09< 14.91      .8
 C25    MN     *    .00350+-   .00220    .00444+-   .00091   1.27+-  .84      .4
 C26    FE     *    .17560+-   .01380    .16560+-   .01280    .94+-  .10     -.5
 C28    NI     *    .00050<    .00180    .00185<    .00052   3.70< 13.35      .7
 C29    CU          .01560+-   .00170    .00113+-   .00054    .07+-  .04    -8.1
 C30    ZN          .02710+-   .00250    .00520+-   .00668    .19+-  .25    -3.1
 C31    GA     *    .00010<    .00290    .00006<    .01213    .64< *****      .0
 C33    AS     *    .00030<    .00360    .00008<    .00107    .28<  4.87     -.1
 C34    SE     *    .00010<    .00180    .00001<    .00053    .06<  5.40     -.1
 C35    BR     *    .00460+-   .00130    .00402+-   .00070    .87+-  .29     -.4
 C37    RB     *    .00050<    .00160    .00060<    .00044   1.21<  3.96      .1
 C38    SR     *    .00120<    .00170    .00152<    .00051   1.27<  1.84      .2
 C39    Y      *    .00100<    .00210    .00004<    .01213    .04< 12.13     -.1
 C40    ZR     *    .00100<    .00250    .00057<    .00078    .57<  1.63     -.2
 C42    MO     *    .00100<    .00460    .00022<    .01216    .22< 12.21     -.1
 C48    CD     *    .00340<    .01670    .00000<    .01263    .00<  3.71     -.2
 C50    SN     *    .00100<    .02430    .00159<    .01316   1.59< 40.83      .0
 C56    BA     *    .02630<    .09840    .00000<    .02560    .00<   .97     -.3
 C82    PB     *    .00550+-   .00380    .00795+-   .00189   1.45+- 1.06      .6
 C201   OC     *  10.44560+-  1.19340  10.73723+-   .81253   1.03+-  .14      .2
 C202   EC     *   5.17900+-   .66600   5.15433+-   .55916   1.00+-  .17     -.0
 C203   SO4    *    .59260+-   .05300    .59260+-   .05487   1.00+-  .13      .0
 C204   NO3    *   2.22220+-   .12650   2.22220+-   .22180   1.00+-  .11      .0
 C205   NH4    *    .66170+-   .05840    .66170+-   .08539   1.00+-  .16      .0
 C219   K2     *    .09310+-   .01150    .05921+-   .03940    .64+-  .43     -.8
 -------------------------------------------------------------------------------
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5
 SOURCE CONTRIBUTION ESTIMATES -  SITE: BFS5         DATE: 12/22/99    CMB7 33889
 SAMPLE DURATION        5       START HOUR        5         SIZE:    ALL
        R SQUARE       .99    PERCENT MASS     100.6
      CHI SQUARE       .30              DF        21

   SOURCE
      * TYPE     SCE(UG/M3)    STD ERR      TSTAT
 ---------------------------------------------
 3      TVSRD        7.0596      .6239    11.3150
 28     HDDNFR4      7.1369     1.4554     4.9038
 49     PBSS          .0360      .0152     2.3755
 74     RWBHWSTO     9.4610     1.6905     5.5965
 105    AMMON         .9877      .1434     6.8872
 106    SULFATE       .8308      .1103     7.5353
 107    NITRATE      3.1467      .3583     8.7819
 ---------------------------------------------
 SPECIES CONCENTRATIONS -  SITE: BFS5         DATE: 12/22/99    CMB7 33889
 SAMPLE DURATION        5       START HOUR        5         SIZE:    ALL
        R SQUARE       .99    PERCENT MASS     100.6
      CHI SQUARE       .30              DF        21
 SPECIES-------I---MEAS------------------CALC-------------RATIO C/M----RATIO R/U
 C1     TOTAL  T  28.48370+-  1.47690  28.65870+-  1.98008   1.01+-  .09      .1
 C11    NA          .02040+-   .01480    .08450+-   .07391   4.14+- 4.71      .9
 C12    MG          .01970<    .04750    .00811<    .07635    .41<  4.00     -.1
 C13    AL          .19330+-   .01540    .29985+-   .18063   1.55+-  .94      .6
 C14    SI          .81230+-   .08640   1.21743+-   .62657   1.50+-  .79      .6
 C15    P           .01340+-   .00430    .00013+-   .07145    .01+- 5.33     -.2
 C16    S           .31377+-   .02153    .32355+-   .03013   1.03+-  .12      .3
 C17    CL     *    .12750+-   .05160    .12786+-   .02028   1.00+-  .44      .0
 C19    K      *    .18690+-   .01180    .17294+-   .08179    .93+-  .44     -.2
 C20    CA     *    .14030+-   .01020    .17681+-   .04363   1.26+-  .32      .8
 C22    TI     *    .00410<    .03850    .02348<    .01468   5.73< 53.88      .5
 C23    V      *    .00100<    .01630    .00034<    .00703    .34<  8.96     -.0
 C24    CR     *    .00050<    .00390    .00694<    .00161  13.87< *****     1.5
 C25    MN     *    .00660+-   .00220    .00644+-   .00113    .98+-  .37     -.1
 C26    FE     *    .27590+-   .01750    .25524+-   .01954    .93+-  .09     -.8
 C28    NI     *    .00040<    .00180    .00286<    .00067   7.14< 32.19     1.3
 C29    CU          .01130+-   .00150    .00172+-   .00068    .15+-  .06    -5.8
 C30    ZN          .05320+-   .00340    .00709+-   .00857    .13+-  .16    -5.0
 C31    GA     *    .00010<    .00270    .00009<    .01190    .89< *****      .0
 C33    AS     *    .00100<    .00350    .00008<    .00140    .08<  1.43     -.2
 C34    SE     *    .00010<    .00170    .00001<    .00070    .08<  7.14     -.1
 C35    BR     *    .00310+-   .00130    .00320+-   .00078   1.03+-  .50      .1
 C37    RB     *    .00040<    .00150    .00087<    .00059   2.18<  8.32      .3
 C38    SR     *    .00220+-   .00130    .00235+-   .00068   1.07+-  .70      .1
 C39    Y      *    .00030<    .00200    .00006<    .01188    .21< 39.62     -.0
 C40    ZR     *    .00050<    .00240    .00089<    .00105   1.78<  8.80      .1
 C42    MO     *    .00200<    .00430    .00035<    .01197    .17<  6.00     -.1
 C48    CD     *    .00050<    .01630    .00000<    .01307    .00< 26.15     -.0
 C50    SN     *    .00120<    .02320    .00246<    .01427   2.05< 41.44      .0
 C56    BA     *    .04530<    .09570    .00000<    .03689    .00<   .81     -.4
 C82    PB     *    .00740+-   .00370    .00696+-   .00219    .94+-  .56     -.1
 C201   OC     *   9.91870+-  1.14110  10.10818+-   .87801   1.02+-  .15      .1
 C202   EC     *   6.42920+-   .82400   6.39865+-   .71653   1.00+-  .17     -.0
 C203   SO4    *    .94130+-   .06460    .94130+-   .08875   1.00+-  .12      .0
 C204   NO3    *   3.15610+-   .17080   3.15610+-   .31503   1.00+-  .11      .0
 C205   NH4    *   1.01660+-   .07270   1.01660+-   .12360   1.00+-  .14      .0
 C219   K2     *    .07850+-   .01020    .05450+-   .03620    .69+-  .47     -.6
 -------------------------------------------------------------------------------
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 SOURCE CONTRIBUTION ESTIMATES -  SITE: BFS5         DATE: 12/22/99    CMB7 33889
 SAMPLE DURATION        5       START HOUR        10        SIZE:    ALL
        R SQUARE       .97    PERCENT MASS     123.2
      CHI SQUARE       .74              DF        22

   SOURCE
      * TYPE     SCE(UG/M3)    STD ERR      TSTAT
 ---------------------------------------------
 3      TVSRD       11.9018      .9427    12.6254
 28     HDDNFR4      3.2123      .8045     3.9927
 74     RWBHWSTO     8.8784     1.6583     5.3539
 105    AMMON        1.4725      .1845     7.9800
 106    SULFATE       .6545      .0985     6.6456
 107    NITRATE      6.5933      .7444     8.8571
 ---------------------------------------------

 SPECIES CONCENTRATIONS -  SITE: BFS5         DATE: 12/22/99    CMB7 33889
 SAMPLE DURATION        5       START HOUR        10        SIZE:    ALL
        R SQUARE       .97    PERCENT MASS     123.2
      CHI SQUARE       .74              DF        22
 SPECIES-------I---MEAS------------------CALC-------------RATIO C/M----RATIO R/U
 C1     TOTAL  T  26.54320+-  1.41520  32.71284+-  1.92391   1.23+-  .10     2.6
 C11    NA          .03330+-   .01870    .13922+-   .04212   4.18+- 2.67     2.3
 C12    MG          .02220<    .06110    .01314<    .05576    .59<  2.99     -.1
 C13    AL          .37330+-   .02460    .50522+-   .28158   1.35+-  .76      .5
 C14    SI         1.50880+-   .12220   2.05136+-  1.04994   1.36+-  .70      .5
 C15    P           .00030<    .01080   -.00000<    .03262   -.01< *****      .0
 C16    S           .25557+-   .02240    .25879+-   .02357   1.01+-  .13      .1
 C17    CL     *    .09080+-   .05990    .20684+-   .03328   2.28+- 1.55     1.7
 C19    K      *    .30520+-   .01780    .26493+-   .06438    .87+-  .22     -.6
 C20    CA     *    .29200+-   .01760    .29287+-   .07328   1.00+-  .26      .0
 C22    TI     *    .02680<    .04860    .03948<    .02182   1.47<  2.79      .2
 C23    V      *    .00260<    .02050    .00046<    .01076    .18<  4.36     -.1
 C24    CR     *    .00060<    .00500    .01166<    .00235  19.44< *****     2.0
 C25    MN     *    .01060+-   .00280    .01013+-   .00159    .96+-  .29     -.1
 C26    FE     *    .46230+-   .02680    .42705+-   .03263    .92+-  .09     -.8
 C28    NI     *    .00070<    .00230    .00479<    .00095   6.84< 22.53     1.6
 C29    CU          .01210+-   .00190    .00287+-   .00094    .24+-  .09    -4.4
 C30    ZN          .06600+-   .00430    .00581+-   .00420    .09+-  .06   -10.0
 C31    GA     *    .00130<    .00350    .00013<    .00962    .10<  7.40     -.1
 C33    AS     *    .00100<    .00450    .00001<    .00207    .01<  2.07     -.2
 C34    SE     *    .00010<    .00220    .00000<    .00104    .03< 10.42     -.0
 C35    BR     *    .00260+-   .00160    .00010+-   .00102    .04+-  .39    -1.3
 C37    RB     *    .00130<    .00190    .00140<    .00086   1.08<  1.71      .0
 C38    SR     *    .00500+-   .00160    .00395+-   .00100    .79+-  .32     -.6
 C39    Y      *    .00050<    .00250    .00011<    .00954    .21< 19.11     -.0
 C40    ZR     *    .00230+-   .00230    .00150+-   .00160    .65+-  .95     -.3
 C42    MO     *    .00120<    .00550    .00058<    .00986    .49<  8.51     -.1
 C48    CD     *    .00130<    .02050    .00000<    .01326    .00< 10.20     -.1
 C50    SN     *    .00100<    .02970    .00415<    .01640   4.15< *****      .1
 C56    BA     *    .02920<    .12120    .00000<    .05965    .00<  2.04     -.2
 C82    PB     *    .00990+-   .00470    .00254+-   .00297    .26+-  .32    -1.3
 C201   OC     *   9.05500+-  1.10760   9.38783+-   .88252   1.04+-  .16      .2
 C202   EC     *   3.40770+-   .44280   3.40063+-   .39444   1.00+-  .17     -.0
 C203   SO4    *    .76670+-   .06720    .76670+-   .07128   1.00+-  .13      .0
 C204   NO3    *   6.59850+-   .34510   6.59850+-   .65967   1.00+-  .11      .0
 C205   NH4    *   1.50930+-   .10200   1.50930+-   .15376   1.00+-  .12      .0
 C219   K2     *    .10650+-   .01350    .05560+-   .03908    .52+-  .37    -1.2
 -------------------------------------------------------------------------------
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 SOURCE CONTRIBUTION ESTIMATES -  SITE: BFS5         DATE: 12/22/99    CMB7 33889
 SAMPLE DURATION        5       START HOUR        14        SIZE:    ALL
        R SQUARE       .94    PERCENT MASS     111.0
      CHI SQUARE       .76              DF        22

   SOURCE
      * TYPE     SCE(UG/M3)    STD ERR      TSTAT
 ---------------------------------------------
 3      TVSRD        6.5268      .6952     9.3887
 28     HDDNFR4      2.2441      .6070     3.6972
 74     RWBHWSTO     7.2795     1.3989     5.2039
 105    AMMON         .4931      .1086     4.5422
 106    SULFATE       .3190      .0952     3.3529
 107    NITRATE      1.9826      .2476     8.0063
 ---------------------------------------------
 SPECIES CONCENTRATIONS -  SITE: BFS5         DATE: 12/22/99    CMB7 33889
 SAMPLE DURATION        5       START HOUR        14        SIZE:    ALL
        R SQUARE       .94    PERCENT MASS     111.0
      CHI SQUARE       .76              DF        22

 SPECIES-------I---MEAS------------------CALC-------------RATIO C/M----RATIO R/U
 C1     TOTAL  T  16.97180+-  1.14370  18.84522+-  1.45672   1.11+-  .11     1.0
 C11    NA          .02400<    .02860    .07745<    .02783   3.23<  4.02     1.3
 C12    MG          .04860<    .07750    .00739<    .03363    .15<   .73     -.5
 C13    AL          .19820+-   .02270    .27706+-   .15504   1.40+-  .80      .5
 C14    SI          .84270+-   .15480   1.12504+-   .57594   1.34+-  .73      .5
 C15    P           .01090+-   .00670    .00000+-   .02266    .00+- 2.08     -.5
 C16    S           .13240+-   .02917    .13520+-   .01213   1.02+-  .24      .1
 C17    CL     *    .10500+-   .09100    .11587+-   .01848   1.10+-  .97      .1
 C19    K      *    .26420+-   .01840    .15434+-   .04096    .58+-  .16    -2.4
 C20    CA     *    .13330+-   .01550    .16089+-   .04020   1.21+-  .33      .6
 C22    TI     *    .01840<    .07630    .02167<    .01242   1.18<  4.93      .0
 C23    V      *    .00270<    .03220    .00027<    .00606    .10<  2.55     -.1
 C24    CR     *    .00070<    .00770    .00641<    .00134   9.15< *****      .7
 C25    MN     *    .00470+-   .00420    .00556+-   .00091   1.18+- 1.08      .2
 C26    FE     *    .22220+-   .02350    .23463+-   .01794   1.06+-  .14      .4
 C28    NI     *    .00050<    .00350    .00263<    .00055   5.26< 36.81      .6
 C29    CU          .00450+-   .00270    .00158+-   .00055    .35+-  .24    -1.1
 C30    ZN          .03020+-   .00430    .00354+-   .00299    .12+-  .10    -5.1
 C31    GA     *    .00040<    .00550    .00007<    .00768    .18< 19.37     -.0
 C33    AS     *    .00100<    .00690    .00001<    .00118    .01<  1.18     -.1
 C34    SE     *    .00010<    .00340    .00000<    .00059    .02<  5.96     -.0
 C35    BR     *    .00310+-   .00240    .00007+-   .00057    .02+-  .19    -1.2
 C37    RB     *    .00060<    .00300    .00079<    .00049   1.31<  6.61      .1
 C38    SR     *    .00210<    .00330    .00216<    .00057   1.03<  1.64      .0
 C39    Y      *    .00040<    .00410    .00006<    .00766    .15< 19.20     -.0
 C40    ZR     *    .00170<    .00490    .00082<    .00090    .48<  1.49     -.2
 C42    MO     *    .00160<    .00880    .00032<    .00778    .20<  4.98     -.1
 C48    CD     *    .00100<    .03220    .00000<    .00917    .00<  9.17     -.0
 C50    SN     *    .00100<    .04660    .00228<    .01059   2.28< *****      .0
 C56    BA     *    .00100<    .19110    .00000<    .03319    .00< 33.19      .0
 C82    PB     *    .01020+-   .00730    .00141+-   .00169    .14+-  .19    -1.2
 C201   OC     *   6.32150+-  1.04470   7.30385+-   .59338   1.16+-  .21      .8
 C202   EC     *   2.46750+-   .35340   2.43605+-   .26979    .99+-  .18     -.1
 C203   SO4    *    .39720+-   .08750    .39720+-   .03641   1.00+-  .24      .0
 C204   NO3    *   1.98610+-   .14790   1.98610+-   .19865   1.00+-  .12      .0
 C205   NH4    *    .51710+-   .09230    .51710+-   .05711   1.00+-  .21      .0
 C219   K2     *    .12120+-   .01720    .04276+-   .02860    .35+-  .24    -2.4
 -------------------------------------------------------------------------------
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 SOURCE CONTRIBUTION ESTIMATES -  SITE: BFS5         DATE: 12/22/99    CMB7 33889
 SAMPLE DURATION        5       START HOUR        19        SIZE:    ALL
        R SQUARE       .97    PERCENT MASS     111.0
      CHI SQUARE       .14              DF        23

   SOURCE
      * TYPE     SCE(UG/M3)    STD ERR      TSTAT
 ---------------------------------------------
 1      TVPRD        6.0662     1.4540     4.1721
 64     RWBCOMTV    20.9331     5.3073     3.9442
 105    AMMON         .5861      .2224     2.6354
 106    SULFATE       .3422      .2073     1.6509
 107    NITRATE      2.7934      .3845     7.2645
 ---------------------------------------------
 SPECIES CONCENTRATIONS -  SITE: BFS5         DATE: 12/22/99    CMB7 33889
 SAMPLE DURATION        5       START HOUR        19        SIZE:    ALL
        R SQUARE       .97    PERCENT MASS     111.0
      CHI SQUARE       .14              DF        23

 SPECIES-------I---MEAS------------------CALC-------------RATIO C/M----RATIO R/U
 C1     TOTAL  T  27.68570+-  1.43850  30.72106+-  4.99684   1.11+-  .19      .6
 C11    NA          .05080+-   .01560    .06714+-   .14456   1.32+- 2.87      .1
 C12    MG          .03220<    .03990    .02721<    .03307    .84<  1.47     -.1
 C13    AL          .18700+-   .01490    .23408+-   .11871   1.25+-  .64      .4
 C14    SI          .77600+-   .08550    .96670+-   .47886   1.25+-  .63      .4
 C15    P           .00810+-   .00400    .00438+-   .00662    .54+-  .86     -.5
 C16    S           .17413+-   .01710    .20443+-   .06387   1.17+-  .38      .5
 C17    CL     *    .12890+-   .05210    .45143+-   .66065   3.50+- 5.32      .5
 C19    K      *    .28980+-   .01640    .37154+-   .33606   1.28+- 1.16      .2
 C20    CA     *    .12960+-   .01000    .20150+-   .13324   1.55+- 1.04      .5
 C22    TI     *    .00510<    .04160    .02635<    .01049   5.17< 42.19      .5
 C23    V      *    .00100<    .01750    .00124<    .00453   1.24< 22.09      .0
 C24    CR     *    .00020<    .00420    .00100<    .00104   4.98< *****      .2
 C25    MN     *    .00580+-   .00220    .00629+-   .00300   1.08+-  .66      .1
 C26    FE     *    .25160+-   .01650    .23817+-   .05121    .95+-  .21     -.2
 C28    NI     *    .00030<    .00190    .00325<    .01120  10.84< 78.14      .3
 C29    CU          .01590+-   .00170    .00332+-   .00762    .21+-  .48    -1.6
 C30    ZN          .04190+-   .00300    .01965+-   .02474    .47+-  .59     -.9
 C31    GA     *    .00010<    .00300    .00025<    .00087   2.52< 76.04      .0
 C33    AS     *    .00100<    .00390    .00037<    .00101    .37<  1.76     -.2
 C34    SE     *    .00010<    .00190    .00006<    .00052    .58< 12.11     -.0
 C35    BR     *    .00410+-   .00130    .00219+-   .00375    .53+-  .93     -.5
 C37    RB     *    .00070<    .00170    .00105<    .00069   1.50<  3.78      .2
 C38    SR     *    .00190+-   .00130    .00227+-   .00140   1.20+- 1.10      .2
 C39    Y      *    .00100<    .00220    .00020<    .00060    .20<   .75     -.3
 C40    ZR     *    .00020<    .00270    .00137<    .00178   6.86< 93.08      .4
 C42    MO     *    .00100<    .00480    .00041<    .00160    .41<  2.55     -.1
 C48    CD     *    .00680<    .01770    .00367<    .00705    .54<  1.75     -.2
 C50    SN     *    .01550<    .02550    .00206<    .00687    .13<   .49     -.5
 C56    BA     *    .03240<    .10400    .00978<    .02985    .30<  1.34     -.2
 C82    PB     *    .00810+-   .00380    .00387+-   .00351    .48+-  .49     -.8
 C201   OC     *  11.51230+-  1.29480  11.95191+-  2.95434   1.04+-  .28      .1
 C202   EC     *   5.45400+-   .69840   3.47348+-  2.42991    .64+-  .45     -.8
 C203   SO4    *    .52240+-   .05130    .52240+-   .19572   1.00+-  .39      .0
 C204   NO3    *   2.91040+-   .15910   2.91040+-   .34887   1.00+-  .13      .0
 C205   NH4    *    .77440+-   .06290    .77440+-   .20837   1.00+-  .28      .0
 C219   K2     *    .15350+-   .01720    .19759+-   .25807   1.29+- 1.69      .2
 -------------------------------------------------------------------------------
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 SOURCE CONTRIBUTION ESTIMATES -  SITE: BFS5         DATE: 12/24/99    CMB7 33889
 SAMPLE DURATION        5       START HOUR        0         SIZE:    ALL
        R SQUARE       .98    PERCENT MASS     101.3
      CHI SQUARE       .16              DF        22

   SOURCE
      * TYPE     SCE(UG/M3)    STD ERR      TSTAT
 ---------------------------------------------
 4      TVTRD        1.4704      .8270     1.7780
 64     RWBCOMTV    25.4062     6.1999     4.0978
 105    AMMON        2.8728      .4203     6.8356
 106    SULFATE      1.8091      .3204     5.6469
 107    NITRATE      9.4338     1.1368     8.2986
 ---------------------------------------------
 SPECIES CONCENTRATIONS -  SITE: BFS5         DATE: 12/24/99    CMB7 33889
 SAMPLE DURATION        5       START HOUR        0         SIZE:    ALL
        R SQUARE       .98    PERCENT MASS     101.3
      CHI SQUARE       .16              DF        22

 SPECIES-------I---MEAS------------------CALC-------------RATIO C/M----RATIO R/U
 C1     TOTAL  T  40.45850+-  2.06110  40.99229+-  6.08049   1.01+-  .16      .1
 C11    NA          .02700+-   .01490    .07855+-   .17538   2.91+- 6.69      .3
 C12    MG          .02620<    .04030    .02688<    .03992   1.03<  2.19      .0
 C13    AL          .10130+-   .01210    .09829+-   .08621    .97+-  .86     -.0
 C14    SI          .43250+-   .07980    .36892+-   .34966    .85+-  .82     -.2
 C15    P           .00010<    .01070    .00490<    .00783  49.03< *****      .4
 C16    S           .67527+-   .03720    .67814+-   .09499   1.00+-  .15      .0
 C17    CL     *    .23770+-   .06270    .54251+-   .80180   2.28+- 3.43      .4
 C19    K      *    .24450+-   .01420    .34506+-   .40713   1.41+- 1.67      .2
 C20    CA     *    .08540+-   .00850    .13168+-   .15976   1.54+- 1.88      .3
 C22    TI     *    .00360<    .04030    .00919<    .01177   2.55< 28.76      .1
 C23    V      *    .00100<    .01690    .00111<    .00497   1.11< 19.44      .0
 C24    CR     *    .00090<    .00410    .00047<    .00118    .53<  2.74     -.1
 C25    MN     *    .00350+-   .00220    .00371+-   .00361   1.06+- 1.23      .0
 C26    FE     *    .14310+-   .01280    .14027+-   .05989    .98+-  .43     -.0
 C28    NI     *    .00080<    .00190    .00339<    .01359   4.23< 19.74      .2
 C29    CU          .01930+-   .00180    .00413+-   .00925    .21+-  .48    -1.6
 C30    ZN          .04040+-   .00300    .02184+-   .03003    .54+-  .74     -.6
 C31    GA     *    .00010<    .00290    .00026<    .00099   2.62< 76.58      .1
 C33    AS     *    .00100<    .00390    .00033<    .00114    .33<  1.72     -.2
 C34    SE     *    .00020<    .00190    .00005<    .00060    .25<  3.85     -.1
 C35    BR     *    .00700+-   .00130    .00264+-   .00455    .38+-  .65     -.9
 C37    RB     *    .00030<    .00160    .00061<    .00082   2.02< 11.14      .2
 C38    SR          .01690+-   .00160    .00142+-   .00168    .08+-  .10    -6.7
 C39    Y      *    .00100<    .00220    .00009<    .00069    .09<   .72     -.4
 C40    ZR     *    .00040<    .00270    .00145<    .00214   3.63< 25.06      .3
 C42    MO     *    .00100<    .00470    .00049<    .00186    .49<  2.97     -.1
 C48    CD     *    .00120<    .01710    .00442<    .00833   3.68< 52.94      .2
 C50    SN     *    .01190<    .02470    .00229<    .00783    .19<   .77     -.4
 C56    BA     *    .02690<    .10080    .00816<    .03425    .30<  1.71     -.2
 C82    PB     *    .00920+-   .00380    .00348+-   .00423    .38+-  .49    -1.0
 C201   OC     *  12.40750+-  1.38200  13.45293+-  3.58196   1.08+-  .31      .3
 C202   EC     *   6.42110+-   .82230   4.17876+-  2.94883    .65+-  .47     -.7
 C203   SO4    *   2.02580+-   .11160   2.02580+-   .29565   1.00+-  .16      .0
 C204   NO3    *   9.57640+-   .58060   9.57640+-   .97688   1.00+-  .12      .0
 C205   NH4    *   3.09410+-   .17990   3.09410+-   .37603   1.00+-  .13      .0
 C219   K2     *    .15110+-   .01690    .23615+-   .31332   1.56+- 2.08      .3
 -------------------------------------------------------------------------------
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 SOURCE CONTRIBUTION ESTIMATES -  SITE: BFS5         DATE: 12/24/99    CMB7 33889
 SAMPLE DURATION        5       START HOUR        5         SIZE:    ALL
        R SQUARE       .96    PERCENT MASS      94.9
      CHI SQUARE       .34              DF        24

   SOURCE
      * TYPE     SCE(UG/M3)    STD ERR      TSTAT
 ---------------------------------------------
 64     RWBCOMTV    31.9239     7.4610     4.2788
 105    AMMON        2.9697      .4698     6.3209
 106    SULFATE      2.2928      .4022     5.7001
 107    NITRATE      8.9290     1.1028     8.0963
 ---------------------------------------------
 SPECIES CONCENTRATIONS -  SITE: BFS5         DATE: 12/24/99    CMB7 33889
 SAMPLE DURATION        5       START HOUR        5         SIZE:    ALL
        R SQUARE       .96    PERCENT MASS      94.9
      CHI SQUARE       .34              DF        24

 SPECIES-------I---MEAS------------------CALC-------------RATIO C/M----RATIO R/U
 C1     TOTAL  T  48.61880+-  2.46220  46.11536+-  7.39918    .95+-  .16     -.3
 C11    NA          .02820+-   .01500    .09724+-   .22037   3.45+- 8.03      .3
 C12    MG          .00100<    .04960    .03103<    .04935  31.03< *****      .4
 C13    AL          .11080+-   .01280    .04182+-   .06133    .38+-  .56    -1.1
 C14    SI          .50040+-   .08010    .12770+-   .23873    .26+-  .48    -1.5
 C15    P           .00080<    .01250    .00616<    .00971   7.70< *****      .3
 C16    S           .85503+-   .04580    .85348+-   .11977   1.00+-  .15     -.0
 C17    CL     *    .29570+-   .07010    .67596+-  1.00749   2.29+- 3.45      .4
 C19    K      *    .25880+-   .01490    .40464+-   .51133   1.56+- 1.98      .3
 C20    CA     *    .09560+-   .00880    .13826+-   .20032   1.45+- 2.10      .2
 C22    TI     *    .01080<    .04160    .00527<    .01456    .49<  2.31     -.1
 C23    V      *    .00090<    .01750    .00131<    .00600   1.45< 29.05      .0
 C24    CR     *    .00100<    .00410    .00045<    .00144    .45<  2.33     -.1
 C25    MN     *    .00370+-   .00220    .00287+-   .00453    .78+- 1.31     -.2
 C26    FE     *    .17240+-   .01370    .04102+-   .07461    .24+-  .43    -1.7
 C28    NI     *    .00100<    .00190    .00418<    .01708   4.18< 18.84      .2
 C29    CU          .00800+-   .00150    .00447+-   .01162    .56+- 1.46     -.3
 C30    ZN          .04180+-   .00300    .02500+-   .03773    .60+-  .90     -.4
 C31    GA     *    .00010<    .00310    .00032<    .00122   3.19< 99.71      .1
 C33    AS     *    .00070<    .00420    .00042<    .00141    .59<  4.09     -.1
 C34    SE     *    .00010<    .00190    .00006<    .00074    .64< 14.21     -.0
 C35    BR     *    .00950+-   .00140    .00329+-   .00572    .35+-  .60    -1.1
 C37    RB     *    .00040<    .00180    .00061<    .00103   1.52<  7.29      .1
 C38    SR     *    .00330+-   .00130    .00109+-   .00211    .33+-  .65     -.9
 C39    Y      *    .00100<    .00230    .00006<    .00084    .06<   .85     -.4
 C40    ZR     *    .00020<    .00270    .00093<    .00268   4.63< 63.92      .2
 C42    MO     *    .00100<    .00490    .00061<    .00230    .61<  3.76     -.1
 C48    CD     *    .00100<    .01750    .00552<    .01044   5.52< 97.21      .2
 C50    SN     *    .00100<    .02530    .00287<    .00977   2.87< 73.34      .1
 C56    BA     *    .00570<    .10470    .00530<    .04275    .93< 18.65      .0
 C82    PB     *    .01100+-   .00390    .00409+-   .00530    .37+-  .50    -1.1
 C201   OC     *  13.17960+-  1.45840  16.75858+-  4.50044   1.27+-  .37      .8
 C202   EC     *   8.76080+-  1.11930   5.17758+-  3.70531    .59+-  .43     -.9
 C203   SO4    *   2.56510+-   .13740   2.56510+-   .37270   1.00+-  .15      .0
 C204   NO3    *   9.10780+-   .56210   9.10780+-   .94806   1.00+-  .12      .0
 C205   NH4    *   3.24740+-   .18830   3.24740+-   .42558   1.00+-  .14      .0
 C219   K2     *    .15050+-   .01690    .29494+-   .39361   1.96+- 2.62      .4
 -------------------------------------------------------------------------------
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 SOURCE CONTRIBUTION ESTIMATES -  SITE: BFS5         DATE: 12/24/99    CMB7 33889
 SAMPLE DURATION        5       START HOUR        10        SIZE:    ALL
        R SQUARE      1.00    PERCENT MASS     107.3
      CHI SQUARE       .09              DF        21

   SOURCE
      * TYPE     SCE(UG/M3)    STD ERR      TSTAT
 ---------------------------------------------
 3      TVSRD        6.2220      .6179    10.0699
 28     HDDNFR4      3.1031     1.3678     2.2686
 49     PBSS          .0503      .0195     2.5760
 71     RWBCOMST    15.6511     3.4276     4.5661
 105    AMMON        3.5056      .4124     8.5010
 106    SULFATE      1.9205      .2565     7.4882
 107    NITRATE     10.8663     1.2929     8.4044
 ---------------------------------------------
 SPECIES CONCENTRATIONS -  SITE: BFS5         DATE: 12/24/99    CMB7 33889
 SAMPLE DURATION        5       START HOUR        10        SIZE:    ALL
        R SQUARE      1.00    PERCENT MASS     107.3
      CHI SQUARE       .09              DF        21
 SPECIES-------I---MEAS------------------CALC-------------RATIO C/M----RATIO R/U
 C1     TOTAL  T  38.51240+-  1.99630  41.31876+-  3.30748   1.07+-  .10      .7
 C11    NA          .02660+-   .01980    .07723+-   .03605   2.90+- 2.55     1.2
 C12    MG          .03550<    .05370    .00683<    .03928    .19<  1.14     -.4
 C13    AL          .18130+-   .01730    .26468+-   .14970   1.46+-  .84      .6
 C14    SI          .71710+-   .10850   1.07616+-   .54953   1.50+-  .80      .6
 C15    P           .00610<    .01340    .00019<    .03488    .03<  5.72     -.2
 C16    S           .67770+-   .03953    .66998+-   .06442    .99+-  .11     -.1
 C17    CL     *    .14650+-   .06730    .11960+-   .01783    .82+-  .39     -.4
 C19    K      *    .19440+-   .01320    .16636+-   .04510    .86+-  .24     -.6
 C20    CA     *    .14060+-   .01210    .15587+-   .03838   1.11+-  .29      .4
 C22    TI     *    .02340<    .05450    .02076<    .01407    .89<  2.15     -.0
 C23    V      *    .00450<    .02290    .00021<    .01661    .05<  3.70     -.2
 C24    CR     *    .00030<    .00550    .00608<    .01570  20.27< *****      .3
 C25    MN     *    .00320+-   .00290    .00603+-   .00111   1.88+- 1.74      .9
 C26    FE     *    .22890+-   .01830    .22538+-   .01768    .98+-  .11     -.1
 C28    NI     *    .00120<    .00260    .00251<    .01566   2.10< 13.82      .1
 C29    CU          .02900+-   .00250    .00198+-   .00120    .07+-  .04    -9.7
 C30    ZN          .05720+-   .00410    .00825+-   .00646    .14+-  .11    -6.4
 C31    GA     *    .00010<    .00400    .00008<    .01598    .84< *****      .0
 C33    AS     *    .00100<    .00500    .00024<    .00144    .24<  1.86     -.1
 C34    SE     *    .00010<    .00250    .00000<    .01566    .04< *****      .0
 C35    BR     *    .00490+-   .00170    .00445+-   .00090    .91+-  .37     -.2
 C37    RB     *    .00030<    .00220    .00070<    .01566   2.32< 54.90      .0
 C38    SR     *    .00430+-   .00180    .00207+-   .01566    .48+- 3.65     -.1
 C39    Y      *    .00100<    .00290    .00006<    .01597    .06< 15.97     -.1
 C40    ZR     *    .00100<    .00350    .00078<    .01567    .78< 15.91     -.0
 C42    MO     *    .00100<    .00640    .00046<    .00385    .46<  4.85     -.1
 C48    CD     *    .00100<    .02290    .00000<    .01668    .00< 16.68     -.0
 C50    SN     *    .00100<    .03350    .00217<    .01743   2.17< 74.80      .0
 C56    BA     *    .02770<    .13640    .00141<    .04092    .05<  1.50     -.2
 C82    PB     *    .00770+-   .00510    .00917+-   .00261   1.19+-  .86      .3
 C201   OC     *   8.44780+-  1.07170   8.57177+-  1.13105   1.01+-  .19      .1
 C202   EC     *   4.19010+-   .54340   4.17921+-   .76965   1.00+-  .22     -.0
 C203   SO4    *   2.03310+-   .11860   2.03310+-   .22692   1.00+-  .13      .0
 C204   NO3    *  10.90910+-   .69790  10.90910+-  1.08851   1.00+-  .12      .0
 C205   NH4    *   3.54740+-   .20860   3.54740+-   .35572   1.00+-  .12      .0
 C219   K2     *    .08810+-   .01220    .12652+-   .19944   1.44+- 2.27      .2
 -------------------------------------------------------------------------------
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 SOURCE CONTRIBUTION ESTIMATES -  SITE: BFS5         DATE: 12/24/99    CMB7 33889
 SAMPLE DURATION        5       START HOUR        14        SIZE:    ALL
        R SQUARE       .99    PERCENT MASS     107.6
      CHI SQUARE       .10              DF        23

   SOURCE
      * TYPE     SCE(UG/M3)    STD ERR      TSTAT
 ---------------------------------------------
 3      TVSRD        2.5022      .9151     2.7342
 64     RWBCOMTV    13.9560     3.5522     3.9289
 105    AMMON        5.2850      .6178     8.5548
 106    SULFATE      5.1070      .6635     7.6972
 107    NITRATE     16.7124     1.9093     8.7533
 ---------------------------------------------
 SPECIES CONCENTRATIONS -  SITE: BFS5         DATE: 12/24/99    CMB7 33889
 SAMPLE DURATION        5       START HOUR        14        SIZE:    ALL
        R SQUARE       .99    PERCENT MASS     107.6
      CHI SQUARE       .10              DF        23

 SPECIES-------I---MEAS------------------CALC-------------RATIO C/M----RATIO R/U
 C1     TOTAL  T  40.48480+-  2.06070  43.56255+-  3.96604   1.08+-  .11      .7
 C11    NA          .06200+-   .01450    .07092+-   .09648   1.14+- 1.58      .1
 C12    MG          .02170<    .04840    .01619<    .02360    .75<  1.99     -.1
 C13    AL          .08490+-   .01200    .12450+-   .06463   1.47+-  .79      .6
 C14    SI          .37040+-   .07740    .48701+-   .24407   1.31+-  .71      .5
 C15    P           .00100<    .01430    .00269<    .00441   2.69< 38.76      .1
 C16    S          1.74540+-   .13420   1.74399+-   .17493   1.00+-  .13      .0
 C17    CL     *    .21500+-   .05940    .33704+-   .44049   1.57+- 2.09      .3
 C19    K      *    .29290+-   .01660    .22558+-   .22378    .77+-  .77     -.3
 C20    CA     *    .06890+-   .00810    .12162+-   .08892   1.77+- 1.31      .6
 C22    TI     *    .01080<    .03980    .01058<    .00775    .98<  3.68      .0
 C23    V      *    .00080<    .01670    .00065<    .00343    .81< 17.43      .0
 C24    CR     *    .00100<    .00400    .00264<    .00081   2.64< 10.59      .4
 C25    MN     *    .00210<    .00300    .00338<    .00202   1.61<  2.49      .4
 C26    FE     *    .11540+-   .01190    .10729+-   .03333    .93+-  .30     -.2
 C28    NI     *    .00100<    .00190    .00283<    .00747   2.83<  9.21      .2
 C29    CU          .01530+-   .00160    .00255+-   .00509    .17+-  .33    -2.4
 C30    ZN          .02790+-   .00250    .01167+-   .01650    .42+-  .59    -1.0
 C31    GA     *    .00010<    .00290    .00017<    .00068   1.67< 48.93      .0
 C33    AS     *    .00020<    .00360    .00018<    .00077    .91< 16.77      .0
 C34    SE     *    .00110<    .00190    .00003<    .00042    .03<   .39     -.6
 C35    BR     *    .00230+-   .00120    .00144+-   .00251    .62+- 1.14     -.3
 C37    RB     *    .00070<    .00160    .00054<    .00051    .78<  1.92     -.1
 C38    SR     *    .00210+-   .00130    .00130+-   .00096    .62+-  .60     -.5
 C39    Y      *    .00100<    .00210    .00005<    .00050    .05<   .51     -.4
 C40    ZR     *    .00030<    .00260    .00072<    .00123   2.40< 21.20      .1
 C42    MO     *    .00100<    .00460    .00039<    .00118    .39<  2.14     -.1
 C48    CD     *    .00100<    .01690    .00241<    .00497   2.41< 41.10      .1
 C50    SN     *    .01090<    .02420    .00213<    .00512    .20<   .64     -.4
 C56    BA     *    .00100<    .09980    .00232<    .02242   2.32< *****      .0
 C82    PB     *    .00450+-   .00370    .00230+-   .00240    .51+-  .68     -.5
 C201   OC     *   7.18130+-   .87410   7.57785+-  1.97228   1.06+-  .30      .2
 C202   EC     *   2.52780+-   .33090   2.30343+-  1.62035    .91+-  .65     -.1
 C203   SO4    *   5.23620+-   .40260   5.23620+-   .52663   1.00+-  .13      .0
 C204   NO3    *  16.79190+-   .91280  16.79190+-  1.67704   1.00+-  .11      .0
 C205   NH4    *   5.41150+-   .28930   5.41150+-   .54507   1.00+-  .11      .0
 C219   K2     *    .19800+-   .01120    .13112+-   .17305    .66+-  .87     -.4
 -------------------------------------------------------------------------------
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 SOURCE CONTRIBUTION ESTIMATES -  SITE: BFS5         DATE: 12/24/99    CMB7 33889
 SAMPLE DURATION        5       START HOUR        19        SIZE:    ALL
        R SQUARE       .99    PERCENT MASS      92.7
      CHI SQUARE       .15              DF        24

   SOURCE
      * TYPE     SCE(UG/M3)    STD ERR      TSTAT
 ---------------------------------------------
 64     RWBCOMTV    18.3671     4.4184     4.1570
 105    AMMON        4.8930      .5955     8.2171
 106    SULFATE      4.7482      .5651     8.4030
 107    NITRATE     13.4600     1.5578     8.6405
 ---------------------------------------------
 SPECIES CONCENTRATIONS -  SITE: BFS5         DATE: 12/24/99    CMB7 33889
 SAMPLE DURATION        5       START HOUR        19        SIZE:    ALL
        R SQUARE       .99    PERCENT MASS      92.7
      CHI SQUARE       .15              DF        24

 SPECIES-------I---MEAS------------------CALC-------------RATIO C/M----RATIO R/U
 C1     TOTAL  T  44.74920+-  2.27090  41.46827+-  4.66261    .93+-  .11     -.6
 C11    NA          .04060+-   .01530    .05595+-   .12679   1.38+- 3.17      .1
 C12    MG          .02690<    .04830    .01785<    .02840    .66<  1.59     -.2
 C13    AL          .05840+-   .01090    .02406+-   .03528    .41+-  .61     -.9
 C14    SI          .19150+-   .07580    .07347+-   .13735    .38+-  .73     -.8
 C15    P           .00550<    .01480    .00354<    .00559    .64<  2.01     -.1
 C16    S          1.63507+-   .08427   1.63405+-   .16692   1.00+-  .11      .0
 C17    CL     *    .20270+-   .05910    .38890+-   .57965   1.92+- 2.91      .3
 C19    K      *    .30010+-   .01680    .23280+-   .29419    .78+-  .98     -.2
 C20    CA     *    .03580+-   .00740    .07955+-   .11525   2.22+- 3.25      .4
 C22    TI     *    .00610<    .04020    .00303<    .00838    .50<  3.55     -.1
 C23    V      *    .00170<    .01690    .00075<    .00346    .44<  4.85     -.1
 C24    CR     *    .00010<    .00410    .00026<    .00084   2.57< *****      .0
 C25    MN     *    .00160<    .00300    .00165<    .00261   1.03<  2.53      .0
 C26    FE     *    .06780+-   .01090    .02360+-   .04292    .35+-  .64    -1.0
 C28    NI     *    .00080<    .00190    .00241<    .00983   3.01< 14.21      .2
 C29    CU          .00350+-   .00140    .00257+-   .00669    .73+- 1.93     -.1
 C30    ZN          .03150+-   .00260    .01438+-   .02171    .46+-  .69     -.8
 C31    GA     *    .00010<    .00290    .00018<    .00071   1.84< 53.74      .0
 C33    AS     *    .00100<    .00390    .00024<    .00082    .24<  1.24     -.2
 C34    SE     *    .00010<    .00190    .00004<    .00045    .37<  8.30     -.0
 C35    BR     *    .00320+-   .00130    .00189+-   .00329    .59+- 1.06     -.4
 C37    RB     *    .00090<    .00160    .00035<    .00061    .39<   .96     -.3
 C38    SR     *    .00120<    .00180    .00062<    .00122    .52<  1.28     -.3
 C39    Y      *    .00100<    .00220    .00004<    .00050    .04<   .51     -.4
 C40    ZR     *    .00100<    .00260    .00053<    .00155    .53<  2.08     -.2
 C42    MO     *    .00100<    .00480    .00035<    .00133    .35<  2.14     -.1
 C48    CD     *    .00100<    .01710    .00318<    .00601   3.18< 54.67      .1
 C50    SN     *    .00100<    .02460    .00165<    .00562   1.65< 41.05      .0
 C56    BA     *    .00100<    .10080    .00305<    .02459   3.05< *****      .0
 C82    PB     *    .00830+-   .00380    .00235+-   .00305    .28+-  .39    -1.2
 C201   OC     *   8.48620+-  1.00310   9.64188+-  2.58928   1.14+-  .33      .4
 C202   EC     *   3.31970+-   .42770   2.97887+-  2.13181    .90+-  .65     -.2
 C203   SO4    *   4.90520+-   .25280   4.90520+-   .50401   1.00+-  .11      .0
 C204   NO3    *  13.56370+-   .76240  13.56370+-  1.35843   1.00+-  .11      .0
 C205   NH4    *   5.05310+-   .28810   5.05310+-   .51979   1.00+-  .12      .0
 C219   K2     *    .19740+-   .02140    .16969+-   .22690    .86+- 1.15     -.1
 -------------------------------------------------------------------------------
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 SOURCE CONTRIBUTION ESTIMATES -  SITE: BFS5         DATE: 12/25/99    CMB7 33889
 SAMPLE DURATION        10      START HOUR        0         SIZE:    ALL
        R SQUARE       .98    PERCENT MASS      88.6
      CHI SQUARE       .15              DF        24

   SOURCE
      * TYPE     SCE(UG/M3)    STD ERR      TSTAT
 ---------------------------------------------
 64     RWBCOMTV    14.5797     3.4383     4.2403
 105    AMMON        3.5652      .4393     8.1151
 106    SULFATE      2.4978      .4434     5.6331
 107    NITRATE     10.5941     1.2414     8.5342
 ---------------------------------------------
 SPECIES CONCENTRATIONS -  SITE: BFS5         DATE: 12/25/99    CMB7 33889
 SAMPLE DURATION        10      START HOUR        0         SIZE:    ALL
        R SQUARE       .98    PERCENT MASS      88.6
      CHI SQUARE       .15              DF        24

 SPECIES-------I---MEAS------------------CALC-------------RATIO C/M----RATIO R/U
 C1     TOTAL  T  35.27150+-  1.77410  31.23674+-  3.63568    .89+-  .11    -1.0
 C11    NA          .04150+-   .00840    .04441+-   .10064   1.07+- 2.43      .0
 C12    MG          .00100<    .02470    .01417<    .02254  14.17< *****      .4
 C13    AL          .02550+-   .00560    .01910+-   .02801    .75+- 1.11     -.2
 C14    SI          .09590+-   .03770    .05832+-   .10903    .61+- 1.16     -.3
 C15    P           .00180<    .00810    .00281<    .00443   1.56<  7.45      .1
 C16    S           .87410+-   .11323    .87334+-   .09330   1.00+-  .17      .0
 C17    CL     *    .15840+-   .03650    .30871+-   .46012   1.95+- 2.94      .3
 C19    K      *    .19950+-   .01080    .18480+-   .23352    .93+- 1.17     -.1
 C20    CA     *    .02070+-   .00380    .06314+-   .09149   3.05+- 4.46      .5
 C22    TI     *    .00440<    .01970    .00241<    .00665    .55<  2.88     -.1
 C23    V      *    .00080<    .00830    .00060<    .00274    .75<  8.48     -.0
 C24    CR     *    .00030<    .00200    .00020<    .00067    .68<  5.05     -.0
 C25    MN     *    .00100<    .00150    .00131<    .00207   1.31<  2.86      .1
 C26    FE     *    .03220+-   .00540    .01873+-   .03407    .58+- 1.06     -.4
 C28    NI     *    .00030<    .00090    .00191<    .00780   6.37< 32.26      .2
 C29    CU          .00780+-   .00080    .00204+-   .00531    .26+-  .68    -1.1
 C30    ZN          .02000+-   .00150    .01142+-   .01723    .57+-  .86     -.5
 C31    GA     *    .00010<    .00140    .00015<    .00057   1.46< 21.18      .0
 C33    AS     *    .00100<    .00210    .00019<    .00065    .19<   .76     -.4
 C34    SE     *    .00050<    .00090    .00003<    .00035    .06<   .72     -.5
 C35    BR     *    .00290+-   .00060    .00150+-   .00261    .52+-  .91     -.5
 C37    RB     *    .00020<    .00080    .00028<    .00048   1.39<  6.04      .1
 C38    SR     *    .00090+-   .00060    .00050+-   .00097    .55+- 1.14     -.4
 C39    Y      *    .00020<    .00110    .00003<    .00040    .15<  2.14     -.1
 C40    ZR     *    .00020<    .00130    .00042<    .00123   2.11< 15.05      .1
 C42    MO     *    .00100<    .00230    .00028<    .00106    .28<  1.23     -.3
 C48    CD     *    .00300<    .00840    .00252<    .00477    .84<  2.84     -.0
 C50    SN     *    .00100<    .01190    .00131<    .00446   1.31< 16.24      .0
 C56    BA     *    .00100<    .04940    .00242<    .01952   2.42< *****      .0
 C82    PB     *    .00610+-   .00190    .00187+-   .00242    .31+-  .41    -1.4
 C201   OC     *   6.75600+-   .74560   7.65368+-  2.05536   1.13+-  .33      .4
 C202   EC     *   3.05620+-   .39120   2.36461+-  1.69222    .77+-  .56     -.4
 C203   SO4    *   2.62230+-   .33970   2.62230+-   .28354   1.00+-  .17      .0
 C204   NO3    *  10.67640+-   .63040  10.67640+-  1.06936   1.00+-  .12      .0
 C205   NH4    *   3.69220+-   .21370   3.69220+-   .38274   1.00+-  .12      .0
 C219   K2     *    .15140+-   .01580    .13470+-   .18007    .89+- 1.19     -.1
 -------------------------------------------------------------------------------
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 SOURCE CONTRIBUTION ESTIMATES -  SITE: BFS5         DATE: 12/25/99    CMB7 33889
 SAMPLE DURATION        9       START HOUR        10        SIZE:    ALL
        R SQUARE       .98    PERCENT MASS      92.7
      CHI SQUARE       .19              DF        24

   SOURCE
      * TYPE     SCE(UG/M3)    STD ERR      TSTAT
 ---------------------------------------------
 64     RWBCOMTV    15.4846     3.6663     4.2235
 105    AMMON        4.3395      .5269     8.2356
 106    SULFATE      2.7699      .4892     5.6619
 107    NITRATE     12.7648     1.4856     8.5922
 ---------------------------------------------
 SPECIES CONCENTRATIONS -  SITE: BFS5         DATE: 12/25/99    CMB7 33889
 SAMPLE DURATION        9       START HOUR        10        SIZE:    ALL
        R SQUARE       .98    PERCENT MASS      92.7
      CHI SQUARE       .19              DF        24

 SPECIES-------I---MEAS------------------CALC-------------RATIO C/M----RATIO R/U
 C1     TOTAL  T  38.14080+-  1.91900  35.35885+-  3.94437    .93+-  .11     -.6
 C11    NA          .02300+-   .00850    .04717+-   .10689   2.05+- 4.71      .2
 C12    MG          .00410<    .02680    .01505<    .02394   3.67< 24.70      .3
 C13    AL          .03290+-   .00620    .02028+-   .02975    .62+-  .91     -.4
 C14    SI          .12990+-   .04200    .06194+-   .11579    .48+-  .90     -.6
 C15    P           .01210+-   .00320    .00299+-   .00471    .25+-  .39    -1.6
 C16    S           .96740+-   .12533    .96659+-   .10259   1.00+-  .17      .0
 C17    CL     *    .19600+-   .04310    .32787+-   .48868   1.67+- 2.52      .3
 C19    K      *    .15030+-   .00850    .19627+-   .24802   1.31+- 1.65      .2
 C20    CA     *    .02560+-   .00410    .06706+-   .09717   2.62+- 3.82      .4
 C22    TI     *    .00370<    .02130    .00255<    .00706    .69<  4.41     -.1
 C23    V      *    .00200<    .00900    .00063<    .00291    .32<  2.04     -.1
 C24    CR     *    .00100<    .00220    .00022<    .00071    .22<   .86     -.3
 C25    MN     *    .00090<    .00160    .00139<    .00220   1.55<  3.68      .2
 C26    FE     *    .04300+-   .00610    .01990+-   .03619    .46+-  .84     -.6
 C28    NI     *    .00100+-   .00100    .00203+-   .00829   2.03+- 8.53      .1
 C29    CU          .00950+-   .00090    .00217+-   .00564    .23+-  .59    -1.3
 C30    ZN          .01630+-   .00140    .01212+-   .01830    .74+- 1.12     -.2
 C31    GA     *    .00010<    .00150    .00015<    .00060   1.55< 24.00      .0
 C33    AS     *    .00050<    .00200    .00020<    .00070    .40<  2.13     -.1
 C34    SE     *    .00010<    .00100    .00003<    .00038    .31<  4.92     -.1
 C35    BR     *    .00520+-   .00080    .00159+-   .00278    .31+-  .54    -1.2
 C37    RB     *    .00100+-   .00090    .00029+-   .00051    .29+-  .58     -.7
 C38    SR     *    .00050<    .00090    .00053<    .00103   1.05<  2.80      .0
 C39    Y      *    .00100<    .00110    .00003<    .00043    .03<   .43     -.8
 C40    ZR     *    .00020<    .00130    .00045<    .00131   2.25< 15.99      .1
 C42    MO     *    .00100<    .00240    .00029<    .00112    .29<  1.33     -.3
 C48    CD     *    .00190<    .00910    .00268<    .00507   1.41<  7.26      .1
 C50    SN     *    .00430<    .01310    .00139<    .00474    .32<  1.48     -.2
 C56    BA     *    .00520<    .05350    .00257<    .02073    .49<  6.46     -.0
 C82    PB     *    .00440+-   .00210    .00198+-   .00257    .45+-  .62     -.7
 C201   OC     *   7.34240+-   .81310   8.12869+-  2.18292   1.11+-  .32      .3
 C202   EC     *   3.19580+-   .41030   2.51136+-  1.79725    .79+-  .57     -.4
 C203   SO4    *   2.90220+-   .37600   2.90220+-   .31151   1.00+-  .17      .0
 C204   NO3    *  12.85240+-   .74420  12.85240+-  1.28581   1.00+-  .12      .0
 C205   NH4    *   4.47450+-   .25790   4.47450+-   .45845   1.00+-  .12      .0
 C219   K2     *    .10590+-   .01150    .14306+-   .19136   1.35+- 1.81      .2
 -------------------------------------------------------------------------------
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 SOURCE CONTRIBUTION ESTIMATES -  SITE: BFS5         DATE: 12/25/99    CMB7 33889
 SAMPLE DURATION        5       START HOUR        19        SIZE:    ALL
        R SQUARE       .92    PERCENT MASS      94.4
      CHI SQUARE       .87              DF        24

   SOURCE
      * TYPE     SCE(UG/M3)    STD ERR      TSTAT
 ---------------------------------------------
 64     RWBCOMTV    15.7687     3.8489     4.0969
 105    AMMON        3.7632      .4644     8.1041
 106    SULFATE      2.3375      .3073     7.6070
 107    NITRATE     11.6209     1.3541     8.5822
 ---------------------------------------------
 SPECIES CONCENTRATIONS -  SITE: BFS5         DATE: 12/25/99    CMB7 33889
 SAMPLE DURATION        5       START HOUR        19        SIZE:    ALL
        R SQUARE       .92    PERCENT MASS      94.4
      CHI SQUARE       .87              DF        24

 SPECIES-------I---MEAS------------------CALC-------------RATIO C/M----RATIO R/U
 C1     TOTAL  T  35.48770+-  1.81490  33.49031+-  4.03580    .94+-  .12     -.5
 C11    NA          .02180+-   .01490    .04803+-   .10885   2.20+- 5.22      .2
 C12    MG          .02610<    .03870    .01533<    .02438    .59<  1.28     -.2
 C13    AL          .03250+-   .00970    .02066+-   .03029    .64+-  .95     -.4
 C14    SI          .13750+-   .07430    .06307+-   .11792    .46+-  .89     -.5
 C15    P           .00510<    .01070    .00304<    .00480    .60<  1.57     -.2
 C16    S           .82403+-   .04430    .82322+-   .09025   1.00+-  .12      .0
 C17    CL     *    .16560+-   .05530    .33389+-   .49764   2.02+- 3.08      .3
 C19    K      *    .14010+-   .00950    .19987+-   .25257   1.43+- 1.81      .2
 C20    CA     *    .02400+-   .00690    .06829+-   .09895   2.85+- 4.20      .4
 C22    TI     *    .13340+-   .02970    .00260+-   .00719    .02+-  .05    -4.3
 C23    V      *    .00410<    .01690    .00065<    .00297    .16<   .97     -.2
 C24    CR     *    .00100<    .00390    .00022<    .00072    .22<  1.12     -.2
 C25    MN     *    .00100<    .00290    .00142<    .00224   1.42<  4.69      .1
 C26    FE     *    .05660+-   .01060    .02026+-   .03685    .36+-  .65     -.9
 C28    NI     *    .00040<    .00180    .00207<    .00844   5.16< 31.38      .2
 C29    CU          .01250+-   .00150    .00221+-   .00574    .18+-  .46    -1.7
 C30    ZN          .01990+-   .00230    .01235+-   .01864    .62+-  .94     -.4
 C31    GA     *    .00010<    .00280    .00016<    .00061   1.58< 44.57      .0
 C33    AS     *    .00100<    .00340    .00020<    .00070    .20<   .99     -.2
 C34    SE     *    .00010<    .00180    .00003<    .00038    .32<  6.85     -.0
 C35    BR     *    .00420+-   .00120    .00162+-   .00283    .39+-  .68     -.8
 C37    RB     *    .00020<    .00150    .00030<    .00052   1.50< 11.53      .1
 C38    SR     *    .00040<    .00170    .00054<    .00105   1.34<  6.27      .1
 C39    Y      *    .00100<    .00200    .00003<    .00043    .03<   .43     -.5
 C40    ZR     *    .00100<    .00240    .00046<    .00133    .46<  1.72     -.2
 C42    MO     *    .00010<    .00440    .00030<    .00114   3.00< *****      .0
 C48    CD     *    .00650<    .01630    .00273<    .00516    .42<  1.32     -.2
 C50    SN     *    .00100<    .02340    .00142<    .00483   1.42< 33.56      .0
 C56    BA     *    .00330<    .09640    .00262<    .02111    .79< 24.04      .0
 C82    PB     *    .00300<    .00490    .00202<    .00262    .67<  1.40     -.2
 C201   OC     *   7.96270+-   .95470   8.27784+-  2.22298   1.04+-  .31      .1
 C202   EC     *   2.57130+-   .33440   2.55744+-  1.83022    .99+-  .72      .0
 C203   SO4    *   2.47210+-   .13290   2.47210+-   .27514   1.00+-  .12      .0
 C204   NO3    *  11.71000+-   .67690  11.71000+-  1.17271   1.00+-  .12      .0
 C205   NH4    *   3.90060+-   .22420   3.90060+-   .40533   1.00+-  .12      .0
 C219   K2     *    .09680+-   .01190    .14569+-   .19476   1.51+- 2.02      .3
 -------------------------------------------------------------------------------
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SOURCE CONTRIBUTION ESTIMATES -  SITE: BFS5         DATE: 1/4/91      CMB7 33889
 SAMPLE DURATION        24      START HOUR        0         SIZE:    ALL
        R SQUARE       .96    PERCENT MASS      94.4
      CHI SQUARE       .49              DF        21

   SOURCE
      * TYPE     SCE(UG/M3)    STD ERR      TSTAT
 ---------------------------------------------
 2      TVURD       11.9146     1.6683     7.1419
 28     HDDNFR4      6.5984     2.1906     3.0121
 48     PBFT          .4657      .2182     2.1340
 70     WDSTVIF     43.6224     8.8477     4.9304
 105    AMMON       18.9661     3.2914     5.7623
 106    SULFATE     19.7972     3.4465     5.7442
 107    NITRATE     39.2276     6.7997     5.7690
 ---------------------------------------------
 SPECIES CONCENTRATIONS -  SITE: BFS5         DATE: 1/4/91      CMB7 33889
 SAMPLE DURATION        24      START HOUR        0         SIZE:    ALL
        R SQUARE       .96    PERCENT MASS      94.4
      CHI SQUARE       .49              DF        21
 SPECIES-------I---MEAS------------------CALC-------------RATIO C/M----RATIO R/U
 C1     TOTAL  T 149.00100+-  2.98002 140.59190+- 11.50835    .94+-  .08     -.7
 C11    NA          .00100+-   .00100    .03520+-   .07140  35.20+-79.60      .5
 C12    MG          .00100+-   .00100    .01117+-   .06735  11.17+-68.27      .2
 C13    AL          .32567<    .36937    .47023<    .23299   1.44<  1.79      .3
 C14    SI          .00100+-   .00100   2.07256+-   .92159  *****+-*****     2.2
 C15    P           .00100<    .13238    .00198<    .07915   1.98< *****      .0
 C16    S          1.19329+-   .19838   6.65482+-   .65996   5.58+- 1.08     7.9
 C17    CL     *    .03188+-   .00968    .05204+-   .00849   1.63+-  .56     1.6
 C19    K      *    .22498+-   .04435    .28180+-   .08084   1.25+-  .44      .6
 C20    CA     *    .16283+-   .15499    .28230+-   .04676   1.73+- 1.67      .7
 C22    TI     *    .04257+-   .00503    .04500+-   .04429   1.06+- 1.05      .1
 C23    V      *    .00207+-   .00098    .00048+-   .04381    .23+-21.16     -.0
 C24    CR     *    .00086+-   .00069    .00380+-   .04364   4.43+-50.98      .1
 C25    MN     *    .02753+-   .00319    .01758+-   .00353    .64+-  .15    -2.1
 C26    FE     *    .42138+-   .04886    .44141+-   .05550   1.05+-  .18      .3
 C28    NI     *    .00197+-   .00066    .00172+-   .04363    .87+-22.15      .0
 C29    CU          .01473+-   .00176    .00088+-   .04363    .06+- 2.96     -.3
 C30    ZN          .04668+-   .00544    .01676+-   .00851    .36+-  .19    -3.0
 C31    GA     *    .00010<    .00045    .00017<    .04412   1.67< *****      .0
 C33    AS     *    .00100<    .00333    .00011<    .04371    .11< 43.72     -.0
 C34    SE     *    .00010<    .00063    .00003<    .04363    .31< *****      .0
 C35    BR     *    .01864+-   .00222    .02865+-   .04475   1.54+- 2.41      .2
 C37    RB     *    .00088<    .00096    .00138<    .04363   1.57< 49.44      .0
 C38    SR     *    .00323+-   .00125    .00349+-   .04363   1.08+-13.50      .0
 C39    Y      *    .00100<    .00124    .00040<    .04412    .40< 44.13     -.0
 C40    ZR     *    .00100<    .00270    .00181<    .04363   1.81< 43.90      .0
 C42    MO     *    .00100<    .00764    .00010<    .04413    .10< 44.13     -.0
 C48    CD     *    .00100<    .00671    .00063<    .00698    .63<  8.17     -.0
 C50    SN     *    .00100<    .00982    .00123<    .04422   1.23< 45.83      .0
 C56    BA     *    .00100<    .04879    .01364<    .01502  13.64< *****      .2
 C82    PB     *    .05494+-   .00666    .10892+-   .05788   1.98+- 1.08      .9
 C201   OC     *  26.47607+-  2.96011  21.61664+-  3.90586    .82+-  .17    -1.0
 C202   EC     *   8.57676+-   .95891   8.59693+-  1.14094   1.00+-  .17      .0
 C203   SO4    *  19.95028+-  2.82140  19.95028+-  1.97995   1.00+-  .17      .0
 C204   NO3    *  39.27906+-  5.55490  39.27905+-  3.92279   1.00+-  .17      .0
 C205   NH4    *  19.01802+-  2.68955  19.01802+-  1.89786   1.00+-  .17      .0
 C219   K2     *    .12430+-   .01758    .08163+-   .05364    .66+-  .44     -.8
 -------------------------------------------------------------------------------
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 SOURCE CONTRIBUTION ESTIMATES -  SITE: BMVS         DATE: 1/4/91      CMB7 33889
 SAMPLE DURATION        24      START HOUR        0         SIZE:    ALL
        R SQUARE       .91    PERCENT MASS      87.9
      CHI SQUARE      1.08              DF        21

   SOURCE
      * TYPE     SCE(UG/M3)    STD ERR      TSTAT
 ---------------------------------------------
 2      TVURD        5.8782     1.0579     5.5565
 24     HDSCE        7.7901     2.8133     2.7690
 49     PBSS          .3819      .1834     2.0816
 70     WDSTVIF     34.5834     8.3299     4.1517
 105    AMMON       20.9825     3.6389     5.7661
 106    SULFATE     22.2659     3.8948     5.7169
 107    NITRATE     41.7585     7.2362     5.7708
 ---------------------------------------------
 SPECIES CONCENTRATIONS -  SITE: BMVS         DATE: 1/4/91      CMB7 33889
 SAMPLE DURATION        24      START HOUR        0         SIZE:    ALL
        R SQUARE       .91    PERCENT MASS      87.9
      CHI SQUARE      1.08              DF        21
 SPECIES-------I---MEAS------------------CALC-------------RATIO C/M----RATIO R/U
 C1     TOTAL  T 152.00100+-  3.04002 133.64050+- 11.28174    .88+-  .08    -1.6
 C11    NA          .00100+-   .00100    .00944+-   .47439   9.44+-*****      .0
 C12    MG          .00100+-   .00100    .00577+-   .01027   5.77+-11.78      .5
 C13    AL          .16231<    .36417    .24380<    .11034   1.50<  3.44      .2
 C14    SI          .00100+-   .00100   1.03491+-   .45353  *****+-*****     2.3
 C15    P           .00100<    .13184    .00754<    .03463   7.54< *****      .0
 C16    S          1.19403+-   .19801   7.47550+-   .74215   6.26+- 1.21     8.2
 C17    CL     *    .01113+-   .00835    .04004+-   .00603   3.60+- 2.75     2.8
 C19    K      *    .14241+-   .03465    .15618+-   .02389   1.10+-  .32      .3
 C20    CA     *    .01331<    .14988    .14409<    .02303  10.83< *****      .9
 C22    TI     *    .01978+-   .00259    .02292+-   .03482   1.16+- 1.77      .1
 C23    V      *    .00351+-   .00093    .00051+-   .03464    .14+- 9.88     -.1
 C24    CR     *    .00035<    .00066    .00274<    .03459   7.73< 98.77      .1
 C25    MN     *    .01978+-   .00235    .01195+-   .00365    .60+-  .20    -1.8
 C26    FE     *    .21953+-   .02648    .21775+-   .03851    .99+-  .21     -.0
 C28    NI     *    .00035<    .00060    .00118<    .03459   3.34< 97.87      .0
 C29    CU          .01835+-   .00215    .00079+-   .03459    .04+- 1.89     -.5
 C30    ZN          .03140+-   .00376    .01306+-   .00333    .42+-  .12    -3.7
 C31    GA     *    .00010<    .00045    .00014<    .03459   1.44< *****      .0
 C33    AS     *    .00298+-   .00237    .00053+-   .03463    .18+-11.63     -.1
 C34    SE     *    .00010<    .00063    .00049<    .03459   4.86< *****      .0
 C35    BR     *    .01312+-   .00165    .03356+-   .03484   2.56+- 2.67      .6
 C37    RB     *    .00068<    .00096    .00066<    .03459    .97< 50.59      .0
 C38    SR     *    .00038<    .00116    .00171<    .03459   4.52< 92.32      .0
 C39    Y      *    .00100<    .00124    .00020<    .03460    .20< 34.60     -.0
 C40    ZR     *    .00100<    .00265    .00089<    .03469    .89< 34.77      .0
 C42    MO     *    .00152<    .00771    .00005<    .03463    .03< 22.83     -.0
 C48    CD     *    .00100<    .00672    .00044<    .02917    .44< 29.32     -.0
 C50    SN     *    .00100<    .00983    .00061<    .03490    .61< 35.40     -.0
 C56    BA     *    .01828<    .04947    .00699<    .01985    .38<  1.50     -.2
 C82    PB     *    .03358+-   .00454    .06440+-   .03591   1.92+- 1.10      .9
 C201   OC     *  26.99005+-  3.01758  19.08519+-  3.08521    .71+-  .14    -1.8
 C202   EC     *   6.52985+-   .72978   6.63498+-   .85019   1.02+-  .17      .1
 C203   SO4    *  22.57463+-  3.19253  22.57462+-  2.23052   1.00+-  .17      .0
 C204   NO3    *  41.79105+-  5.91015  41.79105+-  4.17646   1.00+-  .17      .0
 C205   NH4    *  21.01990+-  2.97266  21.01990+-  2.09945   1.00+-  .17      .0
 C219   K2     *    .21828+-   .03087    .05922+-   .05565    .27+-  .26    -2.5
 -------------------------------------------------------------------------------
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 SOURCE CONTRIBUTION ESTIMATES -  SITE: BFS5         DATE: 1/7/91      CMB7 33889
 SAMPLE DURATION        24      START HOUR        0         SIZE:    ALL
        R SQUARE       .96    PERCENT MASS     102.5
      CHI SQUARE       .54              DF        22

   SOURCE
      * TYPE     SCE(UG/M3)    STD ERR      TSTAT
 ---------------------------------------------
 2      TVURD        7.9596     1.0778     7.3849
 49     PBSS          .2063      .0341     6.0467
 71     RWBCOMST    55.2193     8.2703     6.6768
 105    AMMON       27.1692     4.7219     5.7539
 106    SULFATE     26.9653     4.7260     5.7057
 107    NITRATE     59.8269    10.3808     5.7632
 ---------------------------------------------
 SPECIES CONCENTRATIONS -  SITE: BFS5         DATE: 1/7/91      CMB7 33889
 SAMPLE DURATION        24      START HOUR        0         SIZE:    ALL
        R SQUARE       .96    PERCENT MASS     102.5
      CHI SQUARE       .54              DF        22

 SPECIES-------I---MEAS------------------CALC-------------RATIO C/M----RATIO R/U
 C1     TOTAL  T 173.00100+-  3.46002 177.34660+- 14.78396   1.03+-  .09      .3
 C11    NA          .00100+-   .00100    .03270+-   .04674  32.70+-57.05      .7
 C12    MG          .00100+-   .00100    .00798+-   .01604   7.98+-17.92      .4
 C13    AL          .20883<    .38652    .31294<    .15171   1.50<  2.87      .3
 C14    SI          .00100+-   .00100   1.39582+-   .61435  *****+-*****     2.3
 C15    P           .00100<    .13549    .00157<    .05525   1.57< *****      .0
 C16    S          1.57240+-   .26091   9.05264+-   .89891   5.76+- 1.11     8.0
 C17    CL     *    .10317+-   .01793    .06311+-   .01657    .61+-  .19    -1.6
 C19    K      *    .20261+-   .04168    .31355+-   .07647   1.55+-  .49     1.3
 C20    CA     *    .11187<    .15330    .18990<    .03197   1.70<  2.34      .5
 C22    TI     *    .03033+-   .00370    .03059+-   .03008   1.01+- 1.00      .0
 C23    V      *    .00219+-   .00091    .00029+-   .05527    .13+-25.19     -.0
 C24    CR     *    .00100+-   .00068    .00254+-   .05523   2.54+-55.25      .0
 C25    MN     *    .02063+-   .00244    .01144+-   .00294    .55+-  .16    -2.4
 C26    FE     *    .28216+-   .03338    .30145+-   .02826   1.07+-  .16      .4
 C28    NI     *    .00060+-   .00058    .00113+-   .05522   1.87+-91.60      .0
 C29    CU          .01255+-   .00152    .00221+-   .00393    .18+-  .31    -2.5
 C30    ZN          .04058+-   .00478    .01661+-   .01879    .41+-  .47    -1.2
 C31    GA     *    .00010<    .00045    .00010<    .05522    .99< *****      .0
 C33    AS     *    .00030<    .00262    .00085<    .00352   2.80< 26.72      .1
 C34    SE     *    .00010<    .00063    .00001<    .05522    .11< *****      .0
 C35    BR     *    .01523+-   .00187    .01802+-   .00290   1.18+-  .24      .8
 C37    RB     *    .00096<    .00096    .00090<    .05522    .94< 57.71      .0
 C38    SR     *    .00162+-   .00120    .00232+-   .05522   1.44+-34.19      .0
 C39    Y      *    .00100<    .00124    .00027<    .05522    .27< 55.23     -.0
 C40    ZR     *    .00219<    .00281    .00121<    .05522    .55< 25.18     -.0
 C42    MO     *    .00100<    .00758    .00062<    .00613    .62<  7.71     -.0
 C48    CD     *    .00100<    .00671    .00013<    .05524    .13< 55.25     -.0
 C50    SN     *    .00100<    .00982    .00082<    .05526    .82< 55.84      .0
 C56    BA     *    .00852<    .04923    .01350<    .09478   1.59< 14.42      .0
 C82    PB     *    .04002+-   .00514    .03299+-   .00794    .82+-  .22     -.7
 C201   OC     *  25.48167+-  2.84894  26.48649+-  3.71154   1.04+-  .19      .2
 C202   EC     *   5.92915+-   .66346   5.95490+-  2.47509   1.00+-  .43      .0
 C203   SO4    *  27.28403+-  3.85854  27.28403+-  2.72943   1.00+-  .17      .0
 C204   NO3    *  59.97514+-  8.48177  59.97514+-  5.98683   1.00+-  .17      .0
 C205   NH4    *  27.28403+-  3.85854  27.28403+-  2.72256   1.00+-  .17      .0
 C219   K2     *    .31137+-   .04403    .43866+-   .70488   1.41+- 2.27      .2
 -------------------------------------------------------------------------------
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 SOURCE CONTRIBUTION ESTIMATES -  SITE: BMVS         DATE: 1/7/91      CMB7 33889
 SAMPLE DURATION        24      START HOUR        0         SIZE:    ALL
        R SQUARE       .95    PERCENT MASS      91.0
      CHI SQUARE       .57              DF        22

   SOURCE
      * TYPE     SCE(UG/M3)    STD ERR      TSTAT
 ---------------------------------------------
 2      TVURD        4.4437      .6777     6.5567
 49     PBSS          .1309      .0239     5.4855
 71     RWBCOMST    40.3187     6.0153     6.7027
 105    AMMON       25.6915     4.4609     5.7593
 106    SULFATE     24.3094     4.2475     5.7232
 107    NITRATE     54.4149     9.4379     5.7656
 ---------------------------------------------
 SPECIES CONCENTRATIONS -  SITE: BMVS         DATE: 1/7/91      CMB7 33889
 SAMPLE DURATION        24      START HOUR        0         SIZE:    ALL
        R SQUARE       .95    PERCENT MASS      91.0
      CHI SQUARE       .57              DF        22

 SPECIES-------I---MEAS------------------CALC-------------RATIO C/M----RATIO R/U
 C1     TOTAL  T 164.00100+-  3.28002 149.30910+- 12.72960    .91+-  .08    -1.1
 C11    NA          .00100+-   .00100    .02224+-   .03358  22.24+-40.27      .6
 C12    MG          .00100+-   .00100    .00465+-   .01093   4.65+-11.87      .3
 C13    AL          .10781<    .37438    .17498<    .08565   1.62<  5.69      .2
 C14    SI          .00100+-   .00100    .78147+-   .34308  *****+-*****     2.3
 C15    P           .00100<    .13383    .00094<    .04034    .94< *****      .0
 C16    S          1.23296+-   .20483   8.14824+-   .81032   6.61+- 1.28     8.3
 C17    CL     *    .02652+-   .00925    .04473+-   .01194   1.69+-  .74     1.2
 C19    K      *    .13879+-   .03423    .20250+-   .05396   1.46+-  .53     1.0
 C20    CA     *    .06877<    .15133    .10718<    .01817   1.56<  3.44      .3
 C22    TI     *    .01791+-   .00241    .01717+-   .02189    .96+- 1.23     -.0
 C23    V      *    .00171+-   .00082    .00017+-   .04034    .10+-23.59     -.0
 C24    CR     *    .00058<    .00068    .00142<    .04032   2.46< 70.07      .0
 C25    MN     *    .01115+-   .00144    .00667+-   .00207    .60+-  .20    -1.8
 C26    FE     *    .16295+-   .02025    .16972+-   .01761   1.04+-  .17      .3
 C28    NI     *    .00103+-   .00058    .00063+-   .04032    .61+-39.19      .0
 C29    CU          .02652+-   .00304    .00153+-   .00290    .06+-  .11    -6.0
 C30    ZN          .03494+-   .00415    .01185+-   .01372    .34+-  .39    -1.6
 C31    GA     *    .00010<    .00045    .00006<    .04032    .60< *****      .0
 C33    AS     *    .00302+-   .00196    .00059+-   .00257    .20+-  .86     -.7
 C34    SE     *    .00066+-   .00064    .00001+-   .04032    .01+-61.38     -.0
 C35    BR     *    .01041+-   .00138    .01148+-   .00199   1.10+-  .24      .4
 C37    RB     *    .00028<    .00093    .00050<    .04032   1.80< *****      .0
 C38    SR     *    .00188+-   .00120    .00130+-   .04032    .69+-21.41     -.0
 C39    Y      *    .00100<    .00123    .00015<    .04032    .15< 40.32     -.0
 C40    ZR     *    .00100<    .00271    .00067<    .04032    .67< 40.37      .0
 C42    MO     *    .00100<    .00762    .00044<    .00449    .44<  5.60     -.1
 C48    CD     *    .00100<    .00669    .00007<    .04033    .07< 40.33     -.0
 C50    SN     *    .00100<    .00985    .00046<    .04034    .46< 40.59     -.0
 C56    BA     *    .00100<    .04839    .00839<    .06910   8.39< *****      .1
 C82    PB     *    .02299+-   .00360    .02097+-   .00551    .91+-  .28     -.3
 C201   OC     *  19.08302+-  2.13355  19.26780+-  2.70959   1.01+-  .18      .1
 C202   EC     *   9.47955+-  1.06040   4.34706+-  1.80715    .46+-  .20    -2.4
 C203   SO4    *  24.53532+-  3.46982  24.53532+-  2.45043   1.00+-  .17      .0
 C204   NO3    *  54.52292+-  7.71071  54.52292+-  5.44392   1.00+-  .17      .0
 C205   NH4    *  25.77447+-  3.64506  25.77448+-  2.57233   1.00+-  .17      .0
 C219   K2     *    .29492+-   .04171    .31826+-   .51615   1.08+- 1.76      .0
 -------------------------------------------------------------------------------
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 SOURCE CONTRIBUTION ESTIMATES -  SITE: BFS5         DATE: 2/1/91      CMB7 33889
 SAMPLE DURATION        24      START HOUR        0         SIZE:    ALL
        R SQUARE       .97    PERCENT MASS      82.5
      CHI SQUARE       .51              DF        20
   SOURCE
      * TYPE     SCE(UG/M3)    STD ERR      TSTAT
 ---------------------------------------------
 1      TVPRD       62.9869     6.4797     9.7206
 5      PRDTV        7.0132     2.9829     2.3512
 28     HDDNFR4      6.8687     3.3831     2.0303
 49     PBSS          .2560      .0476     5.3747
 64     RWBCOMTV    15.8347     6.8024     2.3278
 105    AMMON        1.3128      .3129     4.1956
 106    SULFATE      2.7624      .5425     5.0922
 107    NITRATE      6.9213     1.2229     5.6597
 ---------------------------------------------
 SPECIES CONCENTRATIONS -  SITE: BFS5         DATE: 2/1/91      CMB7 33889
 SAMPLE DURATION        24      START HOUR        0         SIZE:    ALL
        R SQUARE       .97    PERCENT MASS      82.5
      CHI SQUARE       .51              DF        20
 SPECIES-------I---MEAS------------------CALC-------------RATIO C/M----RATIO R/U
 C1     TOTAL  T 126.00100+-  2.52002 103.95600+-  6.62973    .83+-  .06    -3.1
 C11    NA          .00100+-   .00100    .08485+-   .13740  84.85+-*****      .6
 C12    MG          .00100+-   .00100    .27521+-   .10568  *****+-*****     2.6
 C13    AL         3.77723+-   .84795   2.28119+-  1.16215    .60+-  .34    -1.0
 C14    SI          .00100+-   .00100   9.82639+-  4.70120  *****+-*****     2.1
 C15    P           .00100<    .12446    .00962<    .07145   9.62< *****      .1
 C16    S           .70317+-   .11786   1.34583+-   .20525   1.91+-  .43     2.7
 C17    CL     *    .63472+-   .09566    .42729+-   .50271    .67+-  .80     -.4
 C19    K      *   1.96640+-   .29949   1.38046+-   .35403    .70+-  .21    -1.3
 C20    CA     *   2.05974+-   .36231   2.27259+-   .31420   1.10+-  .25      .4
 C22    TI     *    .25389+-   .02856    .25394+-   .04615   1.00+-  .21      .0
 C23    V      *    .01413+-   .00325    .00551+-   .02369    .39+- 1.68     -.4
 C24    CR     *    .00439+-   .00101    .00811+-   .00469   1.85+- 1.15      .8
 C25    MN     *    .05949+-   .00675    .05331+-   .00522    .90+-  .13     -.7
 C26    FE     *   2.10952+-   .23740   2.37190+-   .16269   1.12+-  .15      .9
 C28    NI     *    .00033<    .00064    .00769<    .00862  23.32< 51.97      .9
 C29    CU          .03099+-   .00354    .00709+-   .00603    .23+-  .20    -3.4
 C30    ZN          .10952+-   .01247    .05753+-   .02067    .53+-  .20    -2.2
 C31    GA     *    .00010<    .00050    .00068<    .00777   6.78< 84.90      .1
 C33    AS     *    .00243<    .00430    .00163<    .00458    .67<  2.23     -.1
 C34    SE     *    .00010<    .00064    .00021<    .00198   2.06< 23.73      .1
 C35    BR     *    .01786+-   .00215    .02396+-   .00443   1.34+-  .30     1.2
 C37    RB     *    .00840+-   .00137    .00745+-   .00180    .89+-  .26     -.4
 C38    SR     *    .02856+-   .00354    .02530+-   .00396    .89+-  .18     -.6
 C39    Y      *    .00100<    .00126    .00183<    .00733   1.83<  7.69      .1
 C40    ZR     *    .00622+-   .00300    .00891+-   .00315   1.43+-  .86      .6
 C42    MO     *    .00100<    .00765    .00058<    .00893    .58<  9.99     -.0
 C48    CD     *    .00840+-   .00702    .00362+-   .01960    .43+- 2.36     -.2
 C50    SN     *    .00100<    .00996    .00359<    .02725   3.59< 44.91      .1
 C56    BA     *    .07592+-   .05153    .07046+-   .10890    .93+- 1.57     -.0
 C82    PB     *    .07405+-   .00868    .05450+-   .00842    .74+-  .14    -1.6
 C201   OC     *  19.22838+-  2.15119  20.48250+-  2.72721   1.07+-  .19      .4
 C202   EC     *   9.14748+-  1.02272   8.99705+-  1.99646    .98+-  .24     -.1
 C203   SO4    *   3.05538+-   .43210   3.05538+-   .32074   1.00+-  .18      .0
 C204   NO3    *   7.03174+-   .99444   7.03174+-   .71102   1.00+-  .17      .0
 C205   NH4    *   1.53080+-   .21649   1.53080+-   .21854   1.00+-  .20      .0
 C219   K2     *    .28065+-   .03969    .20294+-   .19992    .72+-  .72     -.4
 -------------------------------------------------------------------------------



 ?��

22
 SOURCE CONTRIBUTION ESTIMATES -  SITE: BFS5         DATE: 12/4/91     CMB7 33889
 SAMPLE DURATION        24      START HOUR        0         SIZE:    ALL
        R SQUARE       .98    PERCENT MASS      85.4
      CHI SQUARE       .21              DF        22

   SOURCE
      * TYPE     SCE(UG/M3)    STD ERR      TSTAT
 ---------------------------------------------
 2      TVURD       21.5101     2.7266     7.8889
 48     PBFT          .1819      .0660     2.7566
 64     RWBCOMTV    39.3620     9.9861     3.9417
 105    AMMON        6.8131     1.2818     5.3152
 106    SULFATE      9.1713     1.6811     5.4555
 107    NITRATE     14.3574     2.5456     5.6402
 ---------------------------------------------
 SPECIES CONCENTRATIONS -  SITE: BFS5         DATE: 12/4/91     CMB7 33889
 SAMPLE DURATION        24      START HOUR        0         SIZE:    ALL
        R SQUARE       .98    PERCENT MASS      85.4
      CHI SQUARE       .21              DF        22

 SPECIES-------I---MEAS------------------CALC-------------RATIO C/M----RATIO R/U
 C1     TOTAL  T 107.00100+-  2.14002  91.39572+-  9.99701    .85+-  .09    -1.5
 C11    NA          .00100+-   .00100    .15259+-   .27207  *****+-*****      .6
 C12    MG          .00100+-   .00100    .05684+-   .06554  56.84+-86.76      .9
 C13    AL         1.07664+-   .38460    .89262+-   .41040    .83+-  .48     -.3
 C14    SI          .00100+-   .00100   3.89205+-  1.68543  *****+-*****     2.3
 C15    P           .00100<    .12044    .01007<    .01287  10.07< *****      .1
 C16    S          1.00973+-   .16764   3.19449+-   .32634   3.16+-  .62     6.0
 C17    CL     *    .18248+-   .02879    .85486+-  1.24228   4.68+- 6.85      .5
 C19    K      *    .56995+-   .09309    .91445+-   .63582   1.60+- 1.15      .5
 C20    CA     *    .72993+-   .20220    .66539+-   .26094    .91+-  .44     -.2
 C22    TI     *    .08577+-   .00982    .08766+-   .02080   1.02+-  .27      .1
 C23    V      *    .00548+-   .00142    .00239+-   .00959    .44+- 1.75     -.3
 C24    CR     *    .00482+-   .00213    .00738+-   .00225   1.53+-  .82      .8
 C25    MN     *    .03400+-   .00393    .02819+-   .00598    .83+-  .20     -.8
 C26    FE     *    .82117+-   .09527    .84307+-   .11084   1.03+-  .18      .1
 C28    NI     *    .00272+-   .00129    .00815+-   .02106   3.00+- 7.88      .3
 C29    CU          .05937+-   .00670    .00692+-   .01433    .12+-  .24    -3.3
 C30    ZN          .06874+-   .00807    .03520+-   .04653    .51+-  .68     -.7
 C31    GA     *    .00010<    .00047    .00053<    .00170   5.35< 30.24      .2
 C33    AS     *    .00195<    .00294    .00060<    .00223    .31<  1.23     -.4
 C34    SE     *    .00010<    .00062    .00010<    .00101   1.05< 12.02      .0
 C35    BR     *    .01581+-   .00192    .01513+-   .00806    .96+-  .52     -.1
 C37    RB     *    .00188+-   .00095    .00319+-   .00133   1.70+- 1.11      .8
 C38    SR     *    .01034+-   .00167    .00761+-   .00268    .74+-  .28     -.9
 C39    Y      *    .00100<    .00119    .00080<    .00118    .80<  1.52     -.1
 C40    ZR     *    .00398+-   .00257    .00440+-   .00336   1.11+- 1.11      .1
 C42    MO     *    .00119<    .00742    .00092<    .00309    .78<  5.51     -.0
 C48    CD     *    .00100<    .00657    .00716<    .01340   7.16< 48.93      .4
 C50    SN     *    .00119<    .00949    .00576<    .01318   4.86< 40.41      .3
 C56    BA     *    .00100<    .04957    .02959<    .05714  29.59< *****      .4
 C82    PB     *    .04696+-   .00582    .04931+-   .01626   1.05+-  .37      .1
 C201   OC     *  22.62774+-  2.52986  21.68724+-  5.55566    .96+-  .27     -.2
 C202   EC     *   8.45499+-   .94611   6.41789+-  4.56927    .76+-  .55     -.4
 C203   SO4    *   9.61071+-  1.35916   9.61071+-   .98620   1.00+-  .17      .0
 C204   NO3    *  14.59854+-  2.06454  14.59854+-  1.48856   1.00+-  .17      .0
 C205   NH4    *   7.17762+-  1.01507   7.17762+-   .77821   1.00+-  .18      .0
 C219   K2     *    .19830+-   .02804    .39560+-   .48563   1.99+- 2.47      .4
 -------------------------------------------------------------------------------
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 SOURCE CONTRIBUTION ESTIMATES -  SITE: BMVS         DATE: 12/16/91    CMB7 33889
 SAMPLE DURATION        24      START HOUR        0         SIZE:    ALL
        R SQUARE       .96    PERCENT MASS      83.1
      CHI SQUARE       .30              DF        22

   SOURCE
      * TYPE     SCE(UG/M3)    STD ERR      TSTAT
 ---------------------------------------------
 2      TVURD       15.0041     2.6728     5.6136
 48     PBFT          .1367      .0577     2.3692
 64     RWBCOMTV    45.6320    11.3939     4.0050
 105    AMMON        4.3487      .9175     4.7395
 106    SULFATE      6.8299     1.3095     5.2155
 107    NITRATE      9.5345     1.7442     5.4664
 ---------------------------------------------
 SPECIES CONCENTRATIONS -  SITE: BMVS         DATE: 12/16/91    CMB7 33889
 SAMPLE DURATION        24      START HOUR        0         SIZE:    ALL
        R SQUARE       .96    PERCENT MASS      83.1
      CHI SQUARE       .30              DF        22

 SPECIES-------I---MEAS------------------CALC-------------RATIO C/M----RATIO R/U
 C1     TOTAL  T  98.01000+-  1.96020  81.48585+- 10.97889    .83+-  .11    -1.5
 C11    NA          .00100+-   .00100    .16218+-   .31516  *****+-*****      .5
 C12    MG          .00100+-   .00100    .05732+-   .07256  57.32+-92.47      .8
 C13    AL          .71691+-   .33736    .64650+-   .29471    .90+-  .59     -.2
 C14    SI          .00100+-   .00100   2.78762+-  1.20683  *****+-*****     2.3
 C15    P           .00100<    .11826    .01055<    .01426  10.55< *****      .1
 C16    S           .87010+-   .14485   2.42325+-   .26318   2.79+-  .55     5.2
 C17    CL     *    .18750+-   .02947    .98117+-  1.44012   5.23+- 7.72      .6
 C19    K      *    .48591+-   .08161    .86824+-   .73314   1.79+- 1.54      .5
 C20    CA     *    .71691+-   .20131    .54286+-   .29230    .76+-  .46     -.5
 C22    TI     *    .06556+-   .00758    .06415+-   .02206    .98+-  .35     -.1
 C23    V      *    .00149+-   .00113    .00241+-   .00957   1.61+- 6.52      .1
 C24    CR     *    .00100<    .00184    .00540<    .00227   5.40< 10.19     1.5
 C25    MN     *    .02941+-   .00343    .02139+-   .00665    .73+-  .24    -1.1
 C26    FE     *    .59253+-   .06993    .61145+-   .11504   1.03+-  .23      .1
 C28    NI     *    .00065<    .00120    .00807<    .02442  12.41< 43.97      .3
 C29    CU          .02341+-   .00271    .00737+-   .01661    .31+-  .71    -1.0
 C30    ZN          .05637+-   .00671    .03881+-   .05394    .69+-  .96     -.3
 C31    GA     *    .00010<    .00045    .00056<    .00182   5.57< 30.86      .2
 C33    AS     *    .00244<    .00250    .00066<    .00225    .27<   .96     -.5
 C34    SE     *    .00010<    .00059    .00011<    .00109   1.10< 12.74      .0
 C35    BR     *    .01330+-   .00166    .01302+-   .00868    .98+-  .66     -.0
 C37    RB     *    .00189+-   .00094    .00257+-   .00149   1.36+- 1.04      .4
 C38    SR     *    .00809+-   .00150    .00593+-   .00304    .73+-  .40     -.6
 C39    Y      *    .00100<    .00120    .00059<    .00126    .59<  1.44     -.2
 C40    ZR     *    .00177<    .00252    .00360<    .00386   2.04<  3.64      .4
 C42    MO     *    .00100<    .00717    .00099<    .00340    .99<  7.85      .0
 C48    CD     *    .00100<    .00649    .00814<    .01514   8.14< 55.01      .4
 C50    SN     *    .01379+-   .00960    .00565+-   .01445    .41+- 1.09     -.5
 C56    BA     *    .00100<    .04945    .02366<    .06301  23.66< *****      .3
 C82    PB     *    .03744+-   .00487    .03901+-   .01351   1.04+-  .39      .1
 C201   OC     *  24.14216+-  2.69917  24.67184+-  6.43572   1.02+-  .29      .1
 C202   EC     *  11.27451+-  1.25998   7.42577+-  5.29664    .66+-  .48     -.7
 C203   SO4    *   7.29167+-  1.03120   7.29167+-   .80186   1.00+-  .18      .0
 C204   NO3    *   9.80392+-  1.38648   9.80392+-  1.05668   1.00+-  .18      .0
 C205   NH4    *   4.76103+-   .67331   4.76103+-   .61568   1.00+-  .19      .0
 C219   K2     *    .29167+-   .04125    .44387+-   .56264   1.52+- 1.94      .3


?????????????????????????????????????????????????????????????????????????????????????????????????????
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• # C8����������%���������%"����8�����"�'��0���)������������ ��!@
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EXECUTIVE SUMMARY 
 

The Idaho Department of Environmental Quality (IDEQ) contracted the Desert Research 
Institute (DRI) to perform an on-site field study, named the Treasure Valley Road Dust Study 
(TVRDS). The specific objectives of the study were to 1) assemble a PM10 and PM2.5 emissions 
inventory for the years 2000, 2010, 2015, and 2020 as well as for two specific week-long 
intervals in 1991 and 1999 , 2) assess the spatial and temporal variabilities of emissions in the 
Treasure Valley, 3) characterize the effects of road sanding and street sweeping, and 4) obtain 
chemical source profiles of PM2.5 and PM10 emissions. 

The field study was divided into a winter portion (2/21/01-3/17/01) and a summer portion 
(7/10/01-7/24/01). The field campaign included measurements of silt loadings on Treasure 
Valley roads, TRAKER street surveys, multiple measurements on a set of roads (TRAKER 
loop), and two controlled experiments that were coordinated with personnel at the Ada County 
Highway District (ACHD).  

The TRAKER, a vehicle-based device for real-time measurement of dust emissions from 
roads, was used extensively as part of the study. Street surveys conducted with the TRAKER, 
totaling 430 km each in winter and summer, were the basis for spatial analysis of road dust 
emissions. For paved roads, the potential for roads to emit dust was found to vary by county, 
season, and setting (urban or rural). However, the dust emissions potential was most sensitive to 
the speed of vehicles that travel on the road. Roads associated with higher speeds were 
substantially cleaner, in terms of the potential to emit road dust, than those associated with lower 
speeds. Emissions potentials averaged over the Treasure Valley for paved roads were 0.5 
g/vkt/mps whereas for unpaved roads they were 8.6 g/vkt/mps. Practically, this means that if 
vehicles are traveling at the same speed, emissions from unpaved roads would be 17 times higher 
than emissions from paved roads.  

A closed loop of roads was traversed with the TRAKER 7 times in the winter and 5 times 
in the summer in order to assess temporal variabilities in road dust emissions. The emissions 
potentials of paved roads decreased steadily over the winter season, but remained constant over 
the summer season.   

Results from a controlled experiment showed that in the short-term (one or two days), 
road sanding does not have a significant impact on PM10 emissions.  On a mass basis, the total 
amount of road sand applied to Ada County roads was not sufficient to account for all of the 
increase in winter road dust emissions compared to summer.  This suggests that there are other 
significant sources of wintertime road dust such as trackout/carryout of mud and dirt from 
unpaved lots and driveways.  The elucidation of sources of road dust was recommended for 
further investigation in future research.  

Experiments were conducted in both winter and summer to assess the effectiveness of 
street sweepers used by ACHD in reducing PM10 emissions from roads. Results from those 
experiments indicated that while excellent at removing large debris and sand-sized grains, the 
street sweepers had little or no short-term benefit in terms of reducing PM10 dust emissions. 
However, there may be long-term benefits such as the removal of road sand that might otherwise 
become a source of PM. We note that at present, the mechanisms and extent to which larger 
sized grains can be ground by the tires of passing vehicles to smaller, suspendable PM10-sized 
particles is poorly understood. 
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The TRAKER loop data combined with meteorological observations showed that 
precipitation has a multiple-day effect on unpaved roads. On the day of precipitation, emissions 
were reduced to 8% of the equivalent value for the road under dry conditions. On the day 
following precipitation, emissions were at 35% of those for the dry road. On subsequent days, 
emissions returned to the dry road value. 

The Traffic Demand Model networks for the year 2000 and future years were used in 
conjunction with TRAKER street surveys to arrive at a road dust emissions inventory for the 
Treasure Valley. For paved roads, year 2000 emissions during an average winter weekday were 
81 metric tons per day, 31% higher than the emissions calculated on an annual average basis. 
75% of paved road emissions originated in Ada County and 25% originated from Canyon 
County. Emissions on an annual average basis increased from year 2000 values by 26%, 42%, 
and 58% in 2010, 2015, and 2020, respectively. Unpaved road dust constituted 3.9% of all road 
dust emissions in the Treasure Valley on an annual average basis.  

The TRAKER-based emissions inventory for road dust assembled as part of this study 
yielded somewhat higher values for road dust than was reported in a prior inventory prepared by 
SAI (1997). The SAI inventory used the default values for silt loading recommended by the EPA 
AP-42 document. Calculation of emissions using the EPA AP-42 method with silt loadings 
measured on-site in the Treasure Valley yielded higher emissions than those calculated using the 
default values for silt loading.  

PM10 and PM2.5 resuspension samples were collected from paved and unpaved roads, 
ACHD road sand used for wintertime traction control, and dust generated as part of the chip-
sealing process. Samples were analyzed for chemical content and source profiles were 
constructed. Paved road source profiles were enriched in organic and elemental carbon compared 
with source profiles from unpaved roads. ACHD road sand contained a higher fraction of soluble 
sodium, chloride, and sulfate than material collected from paved roads. Source profiles for chip-
sealing material did not differ significantly from those for unpaved roads. 

Areas highlighted for future work include better assessment of the deposition of dust 
during transport between the point of emissions and air quality monitors, further investigation 
into the origin and fate of road dust- with special attention to elevated emissions in winter-, and a 
more comprehensive assessment of the effectiveness of street sweepers in curbing paved road 
emissions.  
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1. INTRODUCTION 

1.1 Background 

The Idaho Division of Environmental Quality (IDEQ) seeks to better understand the 
effect of fugitive dust emissions from paved and unpaved roads on ambient concentrations of 
PM10 (suspended aerosol particles with aerodynamic diameter of 10 ? m or less).  Because of 
exceedances of the 24-hour PM10 National Ambient Air Quality Standard in 1988, 1989, and 
1991, Ada County was designated as a moderate PM10 non-attainment area.  Previous source 
apportionment studies in the Treasure Valley indicate that PM10 particles of geologic origin, a 
category that includes road dust and windblown dust from open fields, can comprise 25% - 60% 
of the measured PM10 during the Winter (Kuhns et al., 1998).  An emissions inventory assembled 
for the Treasure Valley (SAI, 1997) indicated that in the wintertime, paved and unpaved road 
dust is responsible for 75% of primary PM10 emissions.  On an annual average basis, the 
emissions inventory indicates that road dust is responsible for approximately 30% of primary 
PM10 emissions.  These emissions inventories use national default values for the emissions 
potential of Treasure Valley roads.  The default values are prescribed by the US EPA (EPA, 
1999; EPA, 1995) and represent aggregated, statistically averaged data from across the United 
States.  The importance of road dust as a source of ambient PM10 in the Treasure Valley 
warranted a more comprehensive investigation of the magnitude of emissions based on locally 
derived parameters that are representative of roads in Ada and Canyon Counties. 

Road dust falls under the larger category of fugitive dust emissions.  Fugitive dust 
sources include erosion of soils, paved and unpaved roads, active storage piles, and construction 
activities.  The AP-42 (EPA, 1999) outlines a method for estimating dust suspension from roads 
by measuring the amount of silt present on those roads (nominally particles with physical 
diameters of 75 ? m or less).  It is not practical or economical to perform a large number of these 
measurements.  Consequently, the paucity of samples is frequently not representative of the road 
conditions across an air shed, either spatially or temporally. 

This study combines the traditional silt loading with a new, vehicle-based technique that 
allows for estimation of road dust emissions potential over a large spatial extent in a relatively 
short period of time.  The field-sampling program took place in Ada and Canyon Counties and 
was divided into a winter and summer portion allowing for an estimate of temporal variability of 
dust emissions.  Because of the economy of the measurement method, it was possible to evaluate 
effects of human intervention and environmental factors on dust suspension from roads.  In this 
study, the effects of street sweeping, application of traction control substances, and 
meteorological events such as wind and precipitation were investigated.  The results of the field 
study were combined with data available from local transportation planning authorities to 
estimate emissions from paved and unpaved roads in the Treasure Valley. 

1.2 Study Objectives 

The objectives of the Treasure Valley Road Dust Study were: 

? ? To collect sufficient data within the Treasure Valley to resolve spatial and temporal 
trends in road dust emissions. 

? ? To generate a spatially resolved PM10 emissions inventory of paved and unpaved road 
dust for base and future years. 
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? ? To assess the impact of wintertime application of traction control materials, street 
sweeping, and the occurrence of certain meteorological events on road dust emissions. 

? ? To collect and chemically analyze road dust samples for use in Chemical Mass Balance 
(CMB) receptor modeling. 

1.3 Technical Approach 

The objectives of this study were accomplished through a combination of field data 
collection, laboratory analysis, data processing, and modeling. 

1.3.1 Field Data Collection 

The Treasure Valley Road Dust Study used primarily locally-collected data to estimate 
road dust emissions.  All the fieldwork for this project occurred in 2001 and was divided into a 
winter (2/26/01–3/17/01) and a summer (7/11/01–7/26/01) portion.  The field study consisted of 
multiple components including procurement of road dirt samples for silt and source profile 
analyses of road dust, surveys of streets in the Treasure Valley with the TRAKER vehicle (see 
below) to assess spatial distributions of road dust emissions factors, repeated TRAKER 
measurements of road dust emissions factors over the same set of streets on 12 different 
occasions to assess temporal variability, and two intensive experiments to test the effects of 
wintertime road sanding and street sweeping on road dust emissions factors. 

1.3.1.1 Silt Sampling 

The AP-42 (USEPA, 1999) prescribes the use of silt measurements for estimation of 
emissions factors from both paved and unpaved roads.  Silt is defined operationally as the 
material that can pass through a 200 mesh sieve (nominally corresponding to particles with 
diameters of 75 ? m or less).  Silt content is used to estimate emissions from unpaved roads and is 
defined as the ratio of silt mass in the sample to the total mass in the sample.  In contrast, the silt 
loading which is used to calculate emissions from paved roads is defined as the mass of silt per 
unit area of road.  Sample collection involves securing the test area from passing vehicles and 
carefully sweeping and vacuuming three measured strips of roadway that run perpendicular to 
the direction of traffic.  Road soil samples were collected for silt analysis during the wintertime 
and summertime from a variety of road classes throughout the Treasure Valley. 

1.3.1.2 TRAKER 

TRAKER (Testing Re-entrained Aerosol Kinetic Emissions from Roads), developed at 
the Desert Research Institute (DRI), is a new method for measuring the emissions potential from 
roads (Kuhns et al., 2001).  TRAKER consists of a vehicle fitted with particle measuring 
instruments that draw air from behind the front tires.  The on-board instruments log the particle 
concentration behind the tire and the GPS coordinates of the measurement every 1 second of 
operation.  The advantage of the TRAKER over traditional silt loading methods is that hundreds 
of thousands of measurements of suspendable PM10 can be obtained in a relatively short period 
of time over a large spatial domain.  This allows for a more representative sampling of road dust 
emissions than can be practically obtained with traditional silt measurements. 

In this study, the TRAKER was used in three ways.  First, the TRAKER was used to 
survey over 400 km of roads during each of the two sampling seasons in Ada and Canyon 
Counties.  Second, the TRAKER was used to assess seasonal trends in the dust emitting potential 
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as well as the effects of application of traction control substances, street sweeping, and 
precipitation on PM10 emissions from roads over the Treasure Valley. Third, TRAKER data were 
the basis for assembling year 2000 and future year PM10 and PM2.5 emissions inventories for 
road dust. 

1.3.2 Laboratory Analysis 

Road soil samples collected in the field were sent to DRI’s Environmental Analysis 
Facility in Reno, NV for analysis.  Samples were sieved and weighed to determine the silt 
content of the road soil.  The silt contents were then used to calculate the silt loading on each of 
the road sampled.  Select silt samples were also resuspended in a specialized chamber to collect 
only the PM10 and PM2.5 fraction of the material on filter substrates.  These filters were 
chemically analyzed to produce source profiles for future use in CMB receptor modeling. 

1.3.3 Data Processing 

TRAKER collects data from 10 separate onboard instruments every second of operation.  
These data are synchronized with each other and are quality assured using validation criteria to 
produce an unbiased measure of the PM10 suspended from the road surface at a particular instant.  
In coordination with a concurrent study of unpaved road dust emission (Gillies, 2000), the 
TRAKER measurement was calibrated with horizontal particle flux measurements.  The product 
of the calibration study enabled the estimation of a road dust emissions potential for all roads 
surveyed by TRAKER in the Treasure Valley. 

The planning association for southwest Idaho (COMPASS) maintains a traffic demand 
and forecasting model for Ada and Canyon counties.  Road dust emissions inventories for the 
Treasure Valley were prepared by integrating the measured TRAKER emissions potentials with 
the traffic activity data from the COMPASS traffic demand model.  Separate inventories were 
calculated for wintertime and annual emissions for base and future years. 

1.4 Guide to the Report 

In this Section, we have stated the background, objectives, and technical approach of the 
Treasure Valley Road Dust study.  In Section 2, the silt sampling and analysis is presented along 
with the results of the measurements.  Section 3 discusses the principles of the TRAKER 
operation, quality assurance tests, and TRAKER’s calibration with upwind-downwind emissions 
fluxes.  The TRAKER measurements in the Treasure Valley including data processing, street 
surveys, loops, and the effects of street sanding and sweeping are discussed in Section 4.  Section 
5 documents the preparation of the emissions inventories from the TRAKER data and the silt 
loading measurements.  A preliminary modeling study aimed at estimating the diminishment of 
PM10 dust fluxes with downwind distance from the source is presented in Section 6.  Section 7 
summarizes the chemical source profile data measured from the resuspended road soil samples.  
Summary, conclusions, and recommendations are contained in Section 8.  A list of references 
used throughout this report is given in Section 9.  Details of silt loading sites and results, 
historical meteorological characteristics of the Treasure Valley, and a guide to the electronic 
format link-level emissions inventories are provided in the appendices to this report.  
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2. SILT MEASUREMENTS 
For this study component, silt samples were obtained from paved and unpaved roads as a 

means of comparing road dust emissions measured by the TRAKER system to the existing EPA-
prescribed method. Thirteen samples were obtained during the winter 2001 portion of the study 
from both Ada and Canyon County roads; an additional twelve samples were obtained in the 
summer 2001 portion.  Of the winter samples, three were from arterial roads, three from collector 
roads, three from local roads, and four from unpaved roads.  Summer samples had the same 
distribution except that only three unpaved roads were sampled.  Samples from paved roads were 
analyzed for silt loading, i.e. the amount of silt per unit area of road surface, whereas samples 
from unpaved roads were analyzed for silt content, i.e. the fraction of the road material that is in 
the silt size range. In addition, a portion of sand used for wintertime traction control by the Ada 
County Highway District (ACHD) was also obtained and analyzed for silt content. The ACHD 
sand was used in later testing of road sanding and street sweeping effects on dust emissions. A 
description of the use of silt analyses in estimating road dust emissions is given below. The sites 
sampled and the procedures used are discussed in section 2.1.  Results for the silt measurements 
are summarized in section 2.2.  Section 2.2 also draws comparisons between silt measurements 
as part of the Treasure Valley study and the default silt values used in the 1995 emissions 
inventory prepared for the Treasure Valley by SAI (1997). 

Silt, defined operationally as the material that passes through a 200-mesh sieve 
(corresponding to approximately 75 ? m in grain diameter), is used widely as a surrogate for 
PM10 road dust emissions.  The appropriateness of using silt as a measure of road dust emissions 
potential is a topic of debate because silt is composed of particles that are greater than 10 ? m and 
silt samples are collected in a manner very different from the suspension of dust by tires.  At the 
present time, measurements of silt loading for paved roads and silt content for unpaved roads are 
the EPA-recommended surrogates for estimating road dust emissions (USEPA, 1999; USEPA, 
1995).  The AP-42 emissions factor for unpaved roads was (U.S. EPA, 1995):  

Eq. 2-1 Rur = 5.9*k*(Silt/12)*(Speed/30)*(Weight/3)0.1*(Wheels/4)0.5  

where:  

Rur,TSP = unpaved road dust emission factor for all vehicle classes combined (grams per mile). 

K= a particle size modifier (dimensionless). 

Silt=silt fraction content of the surface material (% mass). 

Speed=average speed of all vehicle types combined (miles per hour [mph]). 

Weight =average weight of all vehicle types combined (tons). 

Wheels=average number of wheels per vehicle for all vehicle types combined. 

The most recent AP-42 emissions factor (U.S. EPA, 1999) eliminates the speed factor 
and is specific to PM10: 

Eq. 2-2 EF10 = A? (s/12)0.8? (W/3)0.4/(M/0.2)0.3 

where:  

A = unpaved road dust emission factor multiplier for PM10: 2.6 lb/VMT or 740 g/VKT. 

s = silt fraction of the surface material (% mass). 
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W = Mean vehicle weight (tons). 

M = Surface material moisture content. (%) 

This latter formulation of the emissions factor is not used in current inventories and is a subject 
of controversy because there is clearly a relationship between vehicle speed and emissions in 
most reported tests.  

A control effectiveness modifier due to precipitation is often appended to the unpaved 
road emission factor equation to estimate annual averages: 

Pannual,county = PrecipDays/365  

where PrecipDays is the number of days per year with greater than 0.01 inches of precipitation. 
This modifier assumes 100% emissions reduction effectiveness for each day with more than 0.01 
inches of precipitation. 

For paved roads, the U.S. EPA (1999) emission factor is:  

Eq. 2-3  EF10= k? (sL)0.65? (W)1.5 

where: 

k = paved road dust emissions factor multiplier for PM10: 0.56 g/VKT or 0.9 g/VMT. 

sL = silt loading of the surface material (g/m2). 

W = mean vehicle weight (tons) 

Note that the size fraction is incorporated into the emission factor and that the silt loading 
rather than the fraction of silt is used.  There is no dependence of the paved road dust emission 
factor on vehicle speed or number of wheels as there is in Eq. 2-1 for unpaved road emissions.  

2.1 Methods 

2.1.1 Site Selection 

Sites for silt sampling were selected to encompass each of four road types, arterial, 
collector, local, and unpaved, in both Ada and Canyon Counties. Table 2-1 and Table 2-2 list the 
sample locations and the amount of road dirt that was obtained at each site in winter 2001 and 
summer 2001, respectively.  Figure 2-1 shows where the silt samples were obtained in the 
Treasure Valley.  Detailed maps for each of the sites are provided in Appendix A. Silt samples 
from paved and unpaved roads were obtained and analyzed according to the instructions in 
Appendices C1 and C2 of AP-42 (USEPA, 1999).  

2.1.2 Sample procurement 

Sampling on paved roads required the closure of one or more lanes of traffic. Lane 
closure permits were obtained from the appropriate municipalities prior to road sampling. At 
each of the nine paved road sites, three sections of a travel lane were measured, marked off with 
tape, and documented with the aid of a GPS receiver. Wherever possible, the centers of the road 
sections were distanced a minimum of 15 m apart to allow for a more representative sample. 
Sections ranged from 2.6 m to 4.6 m in width (cross-lane direction) and from 0.3 m to 9 m in 
length (along-lane direction). The width of the sections was determined by including the portion 
of the lane where vehicle tires travel under normal driving conditions and excluding road 
shoulders, centerline dividers, and other portions of the road that are not normally traversed by 
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vehicle tires. The lengths of the sections were determined based on the criterion that a minimum 
of 200 grams of road dirt must be obtained for each section. This criterion was met for most of 
the winter 2001 samples.  However, dirt loadings on roads were much smaller in summer 2001 
and frequently it was not practicable to meet this criterion. 

 
Table 2-1 Winter 2001 Silt Sampling Locations, Descriptions, and Mass Sampled 

Site Field 
Sample ID Lab ID Sample 

Date Type Width 
(m) 

Length 
(m) 

Separation 
Between 
Sampling 

Locations (ft) 

Area per 
sampling 
location 

(m2) 

Total 
area 
for 
site 
(m2) 

Net Mass 
per 

sampling 
location 

(g) 

Total 
mass for 
site (g) 

BOISL001 RS562 3/1/2001 paved 3.9 3.1 15.2 12.1 37.2 1569 2601 
BOISL002    4.2 3.0  12.6  626  

Riva Ridge North 
of Reutzel Dr. 

BOISL003    4.1 3.0  12.5  407  
BOISL004 RS565 3/3/2001 paved 3.3 3.0 15.2 10.1 30.2 199 620 
BOISL005    3.3 3.0  10.1  190  

Apple St. 
Between Wright 
and LaFayette BOISL006    3.3 3.0  10.0  231  

BOISL007 RS568 3/4/2001 paved 2.4 9.1 6.1 22.3 69.7 133 522 
BOISL008    2.4 9.1  22.3  140  

13th St. North of 
Hays 

BOISL009    2.7 9.1  25.1  248  
BOISL010 RS571 3/4/2001 paved 3.8 6.1 12.2 23.4 71.2 210 907 
BOISL011    3.8 6.1  23.4  299  

Front St. 
Between 3rd and 

5th BOISL012    4.0 6.1  24.5  398  
BOISL013 RS574 3/6/2001 paved 2.6 6.1 9.1 16.1 49.5 289 708 
BOISL014    2.7 6.1  16.4  228  

West Park Dr. 
West of 

Milwaukee BOISL015    2.8 6.1  17.0  192  
BOISL016 RS577 3/6/2001 paved 3.4 9.1 12.2 30.7 92.7 174 554 
BOISL017    3.4 9.1  30.9  167  

Maple Grove 
North of 

Tillamook BOISL018    3.4 9.1  31.1  213  
BOISL019 RS580 3/7/2001 paved 3.6 9.1 6.1 32.5 97.3 348 978 
BOISL020    3.6 9.1  33.0  360  

Garrity Blvd. 
Between Cavalry 

and 11th BOISL021    3.5 9.1  31.8  271  
BOISL022 RS583 3/7/2001 paved 3.9 3.0 12.2 11.8 36.7 198 603 
BOISL023    4.0 3.2  13.0  218  

Amity Between 
Colorado and 

Diamond BOISL024    3.9 3.0  11.8  186  
BOISL025 RS586 3/7/2001 paved 3.5 6.1 6.1 21.1 63.2 1169 4343 
BOISL026    3.5 6.1  21.1  1045  

6th St. Between 
6th Avenue and 

7th Ave BOISL027    3.5 6.1  21.1  2129  
BOISL034 RS589 3/6/2001 unpaved 4.6 0.3 45.7 1.4 4.2 1567 7408 
BOISL035    4.6 0.3  1.4  2209  Howry 
BOISL036    4.6 0.3  1.4  3632  
BOISL037 RS592 3/17/2001 unpaved 4.6 0.3 30.5 1.4 4.2 901 2728 
BOISL038    4.6 0.3  1.4  1104  

Cloverdale Farm 
Road 

BOISL039    4.6 0.3  1.4  724  
BOISL040 RS595 3/16/2001 unpaved 4.6 0.3 30.5 1.4 4.2 1111 4351 
BOISL041    4.6 0.3  1.4  1467  Pierce Park 
BOISL042    4.6 0.3  1.4  1772  
BOISL057 RS599 3/7/2001 unpaved 4.6 0.3 30.5 1.4 4.2 1099 3032 
BOISL058    4.6 0.3  1.4  838  

Unpaved 
Driveway Off 
Happy Valley BOISL059    4.6 0.3  1.4  1096  

ACHD TC Sand BOISL044 RS598 3/8/01 
De-icing 

grab 
sample 

N/A N/A N/A N/A N/A 2394 2394 
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Table 2-2 Summer 2001 Silt Sampling Locations, Descriptions, and Mass Sampled 

Site Field 
Sample ID Lab ID Sample 

Date Type Width 
(m) 

Length 
(m) 

Separation 
Between 
Sampling 

Locations (m) 

Area per 
sampling 
location 

(m2) 

Total 
area 
for 
site 
(m2) 

Net Mass 
per 

sampling 
location 

(g) 

Total 
mass for 
site (g) 

BOISL028 RS622 7/12/2001 paved 3.9 3.1 15.2 12.1 37.2 1064.5 1645 
BOISL029    4.2 3.0  12.6  402  

Riva Ridge North 
of Reutzel Dr. 

BOISL030    4.1 3.0  12.5  178  
BOISL053 RS623 7/13/2001 paved 3.3 3.0 15.2 10.1 30.2 19 82 
BOISL054    3.3 3.0  10.1  24.7  

Apple St. Between 
Wright and 
LaFayette BOISL055    3.3 3.0  10.0  38  

BOISL045 RS624 7/13/2001 paved 2.4 9.1 6.1 22.3 69.7 58 226 
BOISL046    2.4 9.1  22.3  58.5  

13th St. North of 
Hays 

BOISL047    2.7 9.1  25.1  109  
BOISL061 RS625 7/14/2001 paved 3.8 6.1 12.2 23.4 71.2 80 314 
BOISL062    3.8 6.1  23.4  110  

Front St. Between 
3rd and 5th 

BOISL063    4.0 6.1  24.5  123.5  
BOISL050 RS626 7/14/2001 paved 2.6 6.1 9.1 16.1 49.5 27 54 
BOISL051    2.7 6.1  16.4  16.5  

West Park Dr. 
West of Milwaukee 

BOISL052    2.8 6.1  17.0  10.5  
BOISL031 RS627 7/12/2001 paved 3.4 9.1 12.2 30.7 92.7 32.5 136 
BOISL032    3.4 9.1  30.9  52  

Maple Grove North 
of Tillamook 

BOISL033    3.4 9.1  31.1  51  
BOISL067 RS628 7/17/2001 paved 3.6 9.1 6.1 32.5 97.3 144.5 539 
BOISL068    3.6 9.1  33.0  251.5  

Garrity Blvd. 
Between Cavalry 

and 11th BOISL069    3.5 9.1  31.8  142.5  
BOISL064 RS629 7/17/2001 paved 3.9 3.0 12.2 11.8 36.7 75.5 220 
BOISL065    4.0 3.2  13.0  73.5  

Amity Between 
Colorado and 

Diamond BOISL066    3.9 3.0  11.8  71  
BOISL070 RS630 7/17/2001 paved 3.0 0.3 6.1 0.9 2.8 550.5 1155 
BOISL071    3.0 0.3  0.9  331.5  

6th St. Between 
6th Avenue and 

7th Ave BOISL072    3.0 0.3  0.9  273  
BOISL073 RS631 7/25/2001 unpaved 4.6 0.3 45.7 1.4 4.2  7200 
BOISL074    4.6 0.3  1.4    Pierce Park 
BOISL075    4.6 0.3  1.4    
BOISL076 RS632 7/26/2001 unpaved 4.6 0.3 30.5 1.4 4.2  1975 
BOISL077    4.6 0.3  1.4    

Cloverdale Farm 
Road 

BOISL078    4.6 0.3  1.4    
BOISL079 RS633 7/25/2001 unpaved 4.6 0.3 30.5 1.4 4.2  3135 
BOISL080    4.6 0.3  1.4    

Road Near Lucky 
Peak Dam 

BOISL081    4.6 0.3  1.4    

 

Procurement of silt samples from paved roads requires that the road surface is initially 
broom-swept to remove large debris such as pebbles and plant material. All of the road sections 
sampled were free of large debris, which made broom-sweeping unnecessary. For each road 
section, a pre-labeled, pre-weighed HEPA vacuum bag was installed in a backpack style vacuum 
cleaner. The attachment used at the end of the vacuum cleaner hose was 4.2 cm by 23 cm in 
dimension. Each section was completely vacuumed twice (once in the widthwise direction and 
once in the lengthwise direction) by traversing the section in overlapping strips from one edge to 
the other. Vacuum bags were weighed on-site after vacuuming and placed in airtight plastic bags. 

Unpaved roads were sampled by gently passing a hand-held broom across the lane of 
travel and collecting the swept material in a lobby pan. At each site, three sections of road, 
separated by 30 m to 45 m were sampled.  Sections were generally 1 ft in the along-lane 
direction by 4.6 m in the cross-lane direction. Debris and dirt from parts of the road that were 
outside the travel lane were not included in the sample.  
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Figure 2-1. Map of Sample Collection Locations.  Gray circles indicate paved road dust silt sampling.  Black 
circles are locations where unpaved road dust was collected. 

 

Silt analysis was performed on a per site basis. That is, the three samples for a given site 
were consolidated before silt analysis. The silt fraction of a sample was obtained by mechanical 
sieving as outlined in Appendix C. 

2.2 Results 

Silt loading and silt content results for winter 2001 samples from Ada and Canyon 
Counties are summarized in Table 2-3 and Table 2-4; similar data from summer 2001 are shown 
in Table 2-5 and Table 2-6.  Detailed silt data on a site-by-site basis are given in Appendix C.  
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Table 2-3. Silt Content and Silt Loading from Winter Road Samples in Ada and Canyon Counties 

Location County Road Type Sample 
Date 

Area 
(m2) 

Sample 
Weight 

(g) 

Silt 
(g) 

Silt 
content 

(%) 

Silt 
Loading 
(g/m2) 

Front St. Between 3rd and 
5th Ada Arterial 3/4/2001 71.2 907 169 22 2.8 

Maple Grove North of 
Tillamook Ada Arterial 3/6/2001 92.7 554 151 36 2.1 

Garrity Blvd. Between 
Cavalry and 11th Canyon Arterial 3/7/2001 97.3 977 79 9.0 0.9 

Riva Ridge North of Reutzel 
Dr. Ada Collector 3/1/2001 37.2 2601 24 0.9 0.7 

13th St. North of Hays Ada Collector 3/4/2001 69.7 521 73 18 1.3 
Amity Between Colorado and 
Diamond Canyon Collector 3/7/2001 36.7 602 180 40 6.6 

Apple St. Between Wright 
and LaFayette Ada Local 3/3/2001 30.2 619 114 23 4.7 

West Park Dr. West of 
Milwaukee Ada Local 3/6/2001 49.5 709 56 9.5 1.4 

6th St. Between 6th Avenue 
and 7th Ave Canyon Local 3/7/2001 63.2 4342 181 8.6 5.9 

Howry Ada Unpaved 3/6/2001 4.2 3823 43 1.1  
Cloverdale Farm Road Ada Unpaved 3/17/2001 4.2 1595 33 2.1  
Pierce Park Ada Unpaved 3/16/2001 4.2 969 7.7 0.8  
Unpaved Driveway Off 
Happy Valley Canyon Unpaved 3/7/2001 4.2 1447 23 1.6  

Ada County Highway District Ada 
De-icing 

Material, TC 
Sand 

3/8/2001 N/A 2213 6.5 0.3  

 
Table 2-4. Summary of Winter Silt Measurements by County 

Road Type County Average 
Silt % 

Standard 
Deviation 

Silt % 

Average 
Silt 

Loading 
(g/m2) 

Standard 
Deviation 

Silt 
Loading 
(g/m2) 

Arterial Ada 29 9.7 2.5 0.5 
Arterial Canyon 9.0 N/A 0.9 N/A 
Arterial Ada & Canyon 22 13 1.9 1.0 

Collector Ada 9.3 12 1.0 0.5 
Collector Canyon 40 N/A 6.6 N/A 
Collector Ada & Canyon 20 20 2.9 3.3 
Local Ada 16 9.4 3.0 2.4 
Local Canyon 8.6 N/A 5.9 N/A 
Local Ada & Canyon 14 8.0 4.0 2.3 

Unpaved Ada 1.3 0.7 N/A N/A 
Unpaved Canyon 1.6 N/A N/A N/A 
Unpaved Ada & Canyon 1.4 0.6   
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Table 2-5 Silt Content and Silt Loading from Summer Road Samples in Ada and Canyon Counties 

Location County Road Type Sample 
Date 

Area 
(m2) 

Sample 
Weight 

(g) 

Silt  
(g) 

Silt 
(%) 

Silt 
Loading 
(g/m2) 

Front St. Between 3rd and 
5th Ada Arterial 7/14/2001 71.2 314 27 9 0.4 

Maple Grove North of 
Tillamook Ada Arterial 7/12/2001 92.7 136 32 24 0.3 

Garrity Blvd. Between 
Cavalry and 11th Canyon Arterial 7/17/2001 97.3 539 81 15.1 0.8 

Riva Ridge North of Reutzel 
Dr. Ada Collector 7/12/2001 37.2 1645 37 2.2 1.0 

13th St. North of Hays Ada Collector 7/13/2001 69.7 226 33 15 0.5 
Amity Between Colorado and 
Diamond Canyon Collector 7/17/2001 36.7 220 24 11 0.7 

Apple St. Between Wright 
and LaFayette Ada Local 7/13/2001 30.2 82 19 23 0.6 

West Park Dr. West of 
Milwaukee Ada Local 7/14/2001 49.5 54 8 14.0 0.2 

6th St. Between 6th Avenue 
and 7th Ave Canyon Local 7/17/2001 2.8 1155 14 1.2 5.0 

Cloverdale Farm Road Ada Unpaved 7/26/2001 4.2 1975 81 4.1  
Pierce Park Ada Unpaved 7/25/2001 4.2 1796 27 1.5  
Road Near Lucky Peak Dam Canyon Unpaved 7/25/2001 4.2 1612 77 4.8  

 

Table 2-6 Summary of Summer Silt Measurements by County 

Road Type County Average 
Silt % 

Standard 
Deviation 

Silt % 

Average 
Silt 

Loading 
(g/m2) 

Standard 
Deviation  

Silt 
Loading 
(g/m2) 

Arterial Ada 16 10.6 0.4 0.0 
Arterial Canyon 15.1 N/A 0.8 N/A 
Arterial Ada & Canyon 16 8 0.5 0.3 

Collector Ada 8.5 9 0.7 0.4 
Collector Canyon 11 N/A 0.7 N/A 
Collector Ada & Canyon 9 6 0.7 0.3 

Local Ada 19 6.5 0.4 0.3 
Local Canyon 1.2a N/A 5.0a N/A 
Local Ada & Canyon 19a 6.5a 0.4a 0.3a 

Unpaved Ada 3.5 1.7 N/A N/A 
Unpaved Canyon N/Ab N/Ab N/A N/A 
Unpaved Ada & Canyon 3.5b 1.7b N/A N/A 

a Sampling of the “Local” road from Canyon County occurred when pre-treatment for chip-sealing was in place. 
Dusty gravel covered the road surface. This sample is not included in the average value for Ada and Canyon 
Counties since it is not representative of road conditions. 

b No samples of unpaved road dirt were procured from Canyon County during the summer 2001 sampling season 
only. The average for Ada and Canyon Counties has ben computed based on three samples from Ada County 
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For the winter samples, silt loading on paved roads ranged from 0.7 g/m2 at the Riva 
Ridge site to 6.6 g/m2 at Amity Road.  Silt loadings by roadway classification for both Ada and 
Canyon Counties averaged 1.9, 2.9, and 4.0 g/m2 for arterial, collector, and local roads 
respectively. This is consistent with the expectation that roads with higher Vehicle Kilometers 
Traveled (VKT) and travel speeds are likely to have lower loadings than less frequently-used 
roads.  

Silt loadings in the summer were substantially lower than winter.  Summer values ranged 
from 0.2 g/m2 (West Park Dr.) to 1.0 g/m2 (Riva Ridge).  Note that the silt loading on 6th St was 
5.0 g/m2. However, that sample was collected when the street was covered with gravel chips as 
part of the summer chip-sealing program; this sample can be used to estimate road dust 
emissions under chip-sealing conditions, but should not be included in calculating seasonal or 
countywide averages.  Summer silt loadings by roadway classification were 0.5, 0.7, and 0.4 
g/m2 for arterial, collector, and local roads, respectively.  These values are approximately four to 
ten times lower than winter silt loadings.  Figure 2-2 shows comparisons between winter and 
summer 2001 silt loadings by site. Of the nine sites, only Garrity Blvd, an arterial, and Riva 
Ridge, a local road, had comparable values between summer and winter.  6th St silt loadings 
were also similar between the two seasons, though, the summer 6th St sample is not 
representative due to the influence from chip-sealing activities.  
Figure 2-2. Comparison of Winter and Summer 2001 Silt Loadings. Summer 2001 6th St sample influenced 
by chip-sealing operations.  
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Silt loadings from the present study are compared to the values used to prepare the 1995 

emissions inventory (SAI, 1997) in Table 2-7.  Silt loading values used in the 1995 emissions 
inventory were based on average and wintertime default values specified by AP-42 (USEPA, 
1995). Compared to the default wintertime values used to compile the 1995 emissions inventory, 
silt loadings measured in winter 2001 were higher for arterial and local roads and comparable for 
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collectors.  In contrast, summer silt samples were comparable with the SAI inventory for 
arterials, but much lower for collectors (0.7 g/m2 vs 2.5 g/m2) and local roads (0.4 g/m2 vs 2.5 
g/m2). 
Table 2-7. Comparison of 2001 Silt Measurements and Values Used for 1995 Emissions Inventory  

Road Type 

Average Silt  
Loading for 
Winter 2001 

(g/m2) 

Average Silt  
Loading for 

Summer 
2001 (g/m2) 

Wintertime 
silt Loading 

Used for 
1995 EI 
(g/m2) 

Average Silt 
Loading Used 

for 1995 EI 
(g/m2) 

Freeway   0.02 0.02 
Arterial 1.9 0.5 0.5 0.4 
Collector 2.9 0.7 3 2.5 
Local 4.0 0.4 3 2.5 

Road Type 

Average Silt 
Content for 
Winter 2001 

(%) 

Average Silt 
Content for 

Summer 
2001 (%) 

Average Silt 
Content 
Used for 

1995 EI (%) 

Unpaved 1.4 3.5 5.7 
 

Silt contents from unpaved roads ranged from 0.8% at Pierce Park Drive to 2.1% at 
Cloverdale Farm Road with an average value of 1.4% for winter samples.  For summer samples, 
they ranged from 1.5% at Pierce Park Drive to 4.8% at an access road near Lucky Peak Dam, 
with an average value of 3.1 %.  The default value of silt content used in the 1995 emissions 
inventory was 5.7% for both “average daily” and “winter travel” conditions.  It is interesting that 
the silt contents for both Pierce Park Drive and Cloverdale farm road seem to be higher in the 
summer than the winter.  This is due, at least in part, to uncertainties that are inherent in the 
measurement.  Some of the differences between summer and winter may also be due to 
meteorological conditions.  Perhaps under dry summertime conditions, the fine clays in road dirt 
are more likely to be present on the surface than in wintertime.   

Sand used for de-icing Ada County Roads in the wintertime has a relatively low silt 
content (0.3%) compared to samples obtained from paved and unpaved roads (Table 2-3).  This 
is not surprising since the type of sand used for this purpose was selected for its low dust content.  
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3. TRAKER OPERATION 
The Treasure Valley Road Dust Study (TVRDS) makes extensive use of the TRAKER 

road dust emissions measurement system.  In this Chapter, we discuss the TRAKER 
measurement method, the results of several quality assurance tests, and the derivation of a 
calibration curve that directly relates values measured by the TRAKER to PM10 road dust 
emissions. 

3.1 Description of the TRAKER concept 

The principle of operation of the TRAKER (Testing Re-entrained Aerosol Kinetic 
Emissions from Roads) is illustrated in Figure 3-1.  The concentration of airborne particles is 
monitored through inlets that are mounted near the front tires of a vehicle.  These particle sensors 
are influenced by the road dust generated from the spinning of the tire.  A background 
measurement of particle concentrations is obtained simultaneously at a location on the vehicle 
far away from the tires.  The difference in the signals between the influence monitors and the 
background monitor is related to the amount of road dust generated: 

bT TTT ??          ( 1 ) 

where T is the raw TRAKER signal, TT is the particle concentration measured behind the tire, 
and TB is the background concentration. 

The TRAKER system was first used in Las Vegas to survey road dust on over 100 miles 
of paved roads (Kuhns et al, 1999).  The test vehicle consisted of a 1988 Jeep Cherokee outfitted 
with a GPS system and video camera to document road conditions.  Two light scattering 
instruments (TSI DustTrak model # 8520) measured concentrations of particles with 
aerodynamic diameter less than 10 ? m (PM10) from samples taken through inlets mounted 
behind the tire (influence monitor) and on the vehicle hood (background monitor).  The data 
streams from all onboard instruments were collected through a laptop computer.  
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Figure 3-1.  Principle of operation of the TRAKER.  Influence monitors measure the concentration of 
particles behind the tires.  The background monitor is used to establish a baseline 
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3.2 TRAKER Measurements 

For the TVRDS, several improvements have been made over the original test vehicle.  In 
place of a Jeep Cherokee, a 1979 Chevy van is equipped with three exterior steel pipes that act as 
inlets for the onboard instruments (Figure 3-2a).  Two of the pipes are located behind the left and 
right front tires and are used to measure the emissions from the tires.  The third pipe runs along 
the centerline of the van underneath the body and extends through the front bumper.  This pipe is 
the inlet for background air.  Dust and exhaust emissions from other vehicles on the road can 
cause fluctuations in the particle concentration above the road surface.  The background 
measurement is used to correct the measurements behind the tires for those fluctuations. 

The three exterior pipes enter the cargo compartment of the van through the underbody.  
Each pipe then goes into a plenum/manifold; the plenum distributes the sample air to up to five 
instruments (Figure 3-2c).  Three types of instruments have been used over the course of this 
study: TSI DustTrak monitors, GRIMM optical particle size analyzers, and filter-based MiniVol 
samplers.  

A central computer collects all the data generated by the onboard instruments (Figure 
3-2d).  Data from TRAKER measurements are imported into a Microsoft Access database for 
subsequent data processing and analysis.  

3.2.1 Inlets 

Unlike gases, particles have inertia; as a result, sampling of particles through an inlet 
necessarily results in some particle losses to inlet surfaces.  These losses could be due to 
diffusion of particles towards inlet walls or impaction/settling of particles upon inlet walls.  
Diffusion is a phenomenon that governs the motion of very small particles (less than 0.1 ? m).  
Since road dust is comprised primarily of larger particles (greater than 0.3 ? m), diffusion is not 
an important consideration for TRAKER.  Impaction and gravitational settling can be important 
processes for particles with aerodynamic diameters greater than 1 ? m.  In general, gravitational 
settling can be minimized by reducing the amount of time a particle spends in the inlet lines (e.g. 
by increasing the speed of the flow).  On the other hand, particle impaction can be minimized by 
reducing the speed of the flow turns within the inlet lines. 

The inlet lines, visible in Figure 3-2a are 19 mm (3/4”) in diameter and 2.3 m (7.5’) in 
length for the tire lines and 3.7 m (12’) in length for the background line.  The influence inlets on 
the right and left are in slightly different positions with respect to the tires.  On the right, the inlet 
is 165 mm (6.5”) above the ground, 50 mm (2”) behind the tire, and 63 mm (2.5”) in (towards 
the center of the vehicle) from the outside edge of the tire.  On the left, the inlet is 165 mm (6.5”) 
above the ground, 63 mm (2.5”) behind the tire, and 63 mm (2.5”) in from the outside edge of 
the tire.  Because of the vehicle configuration, it is not possible to avoid bends in the inlet lines.  
However, wherever necessary, bends have been kept as shallow as possible in order to minimize 
losses of particles to the inlet walls.  Each of the inlet lines feeds into a 600 mm (20”) long 
torpedo-shaped plenum (Figure 3-2c).  All particle sampling instruments are connected through 
the plenum via short Tygon tubes that are in turn attached to 200 mm (8”) long steel tubes that 
extend into the body of the plenum. Flowrates through the inlets are 75 liters per minute (lpm), 
corresponding to an inlet face velocity of 4 meters per second (mps) and 0.3 mps in the plena. 
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a. 

 
b. 

 
c. 

 
d. 

Figure 3-2. Photographs depicting TRAKER vehicle and instrumentations used in the Treasure Valley Road 
Dust Study. a. Location of inlets (right side and background shown); b. Generator and pumps are mounted 
on a platform on the back of the van; c. Photo showing two sampling plenums (bottom), a suite of DustTrak 
and GRIMM particle monitors (top right), and three rotameters used for ensuring proper flows through 
plena; d. a dashboard-mounted computer screen is used to view the data stream and a GPS logs the 
TRAKER’s position every 1 second. 

3.2.2 Inlet Dilution System  

An optional dilution system was developed for operating the TRAKER on unpaved roads 
where road dust loadings are outside measurement range of the onboard instruments.  The 
dilution system utilizes a second on-board carbon vane pump to provide clean air to the left and 
right TRAKER inlets.  The pump draws in ambient air from the roof of the TRAKER.  The air is 
compressed and forced through a high efficiency filter to remove ambient particles and particles 
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introduced by the carbon vanes inside the pump.  Manual valves allow for independent flow 
control for the left and right dilution lines.  The dilution air lines are attached to the inlet pipe via 
a U-shaped tube that is inserted 1.5 cm into the inlet.  A photograph of the inlet line with the 
dilution attachment is shown in Figure 3-3. 

 
Figure 3-3. Photograph showing inlet configuration of TRAKER dilution system. 

3.2.3 Instruments 

3.2.3.1 TSI DustTraks 

The TSI DustTrak (model # 8520) is a rugged portable monitor that uses particle light 
scattering to infer PM concentrations.  The instrument is calibrated using NIST Arizona Dust to 
relate light scattering intensity to aerosol mass concentrations in mg/m3.  The DustTrak measures 
aerosol mass over a range of concentrations from 0.001 mg/m3 to 150 mg/m3 at a frequency of 1 
Hz.  (Note: 1 mg/m3 = 1000?? g/m3).  The instrument is shipped from the manufacturer with three 
impactor inlets to remove particles greater than 10 ? m, 2.5 ? m, and 1 ? m.  The flowrate at the 
instrument inlet is 1.7 lpm. 

In this study, six DustTraks were used onboard the TRAKER.  Each of the three plena 
(left, right, and background) was equipped with two DustTraks, one with a 10 ? m inlet and the 
other with a 2.5 ? m inlet.  For three days during the winter field campaign (3/6/01, 3/10/01, and 
3/15/01) no measurements were obtained from the right side of the vehicle due to a shortage of 
operational instruments.  
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3.2.3.2 Grimm 1.108 Particle Size Analyzer 

The Grimm 1.108 Particle Size Analyzer (PSA) provides real-time size-segregated 
particle counts for particles in 15 different size bins that span the range from 0.3 - 20 ? m.  The 
PSA uses the light scattering properties of a particle to estimate its physical size.  The particle 
size number distribution can be converted to a mass distribution using an assumed or inferred 
particle density.  The flowrate at the instrument inlet is 1.8 lpm. 

In this study, the PSAs were used to supplement the DustTraks.  During the winter 
portion of the study (starting on 3/3/01), two PSAs were utilized; one was connected to the left 
inlet and the other to the background inlet.  A third PSA was added to the right inlet for the 
summer portion of the field study. 

3.2.3.3 Ashtech Promark GPS 

The global positioning system provides a highly accurate method of obtaining real-time 
position information.  A mobile GPS unit consists of a portable device that receives signals 
broadcast by at least four different satellites.  The satellites broadcast time signals that are used 
by the mobile unit to triangulate a three dimensional location. 

Due to correctable interferences such as clock, ephemeris, ionospheric, and tropospheric 
errors, the accuracy of the raw GPS signal is approximately 15 m.  This accuracy can be 
improved to within 3-4 m by a post-processing scheme known as differential processing.  In this 
scheme, a GPS is situated at a station with a known position that is in the approximate vicinity of 
the mobile unit.  By comparing the known coordinates of the station with the coordinates 
reported by the GPS, it is possible to achieve an accuracy of a few meters with a handheld 
mobile device.  Data for stationary GPS are readily available on the Internet for the purpose of 
applying differential correction.   

All data obtained from the mobile GPS used in the Treasure Valley Road Dust Study 
were differentially corrected against a stationary GPS located at Burns, Oregon.   

3.2.3.4 Airmetrics MiniVol 

The Airmetrics MiniVol is a portable filter-based sampler. The battery-operated device is 
equipped with an air pump, internal flow regulator, and a timer/controller. A pneumatic 
attachment at the top of the unit is used to connect the MiniVol controller to a filterpack. The 
filterpack consists of a number of sequentially staged filters (up to three in a row) and a size-
selective inlet.  

In this study, six MiniVol samplers were used simultaneously to obtain samples of road 
dust from within the plena in the TRAKER.  Filter samples obtained through use of the MiniVol 
were analyzed for chemical content. These samples served as an alternate approach for obtaining 
road dust source profiles. The traditional approach involves resuspending a portion of dirt 
vacuumed from the road in a specially designed chamber and collecting resuspended particles on 
filters through appropriate size-selective inlets. 

3.2.4 Data Acquisition and Measurement Documentation 

The TRAKER uses a central onboard computer to log all real-time data and to provide a 
means for documenting road conditions. 
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3.2.4.1 Data Acquisition 

The TRAKER may utilize up to 10 instruments (6 DustTraks, 3 PSAs, and a GPS), each 
generating data at a rate of up to 60 readings per minute.  A central onboard computer is used to 
capture the data in real-time as it is generated. Data from individual instruments are transferred 
via RS-232 serial interfaces to a multiplexing unit that is in turn connected to the computer. 
Specialized software has been written to capture the data, use the computer clock to provide a 
common time stamp, write to a database in real-time, and provide the operator(s) with feedback 
regarding the status of instruments. An example of the TRAKER display panel is shown in 
Figure 3-4.  

The data capture software was not available for use during the winter portion of the 
study.  Data generated from onboard instruments were captured using the dataloggers that are 
built into individual instruments.  Data were then periodically downloaded to the central 
computer manually.  The TRAKER control panel was available for the entire summer field 
study. 

3.2.4.2 Real-Time Measurement Documentation 

In addition to collecting data from onboard instruments, the TRAKER central computer 
also provides a means to document road conditions.  An example of the automated form used to 
document TRAKER measurements is given in Figure 3-5.  The characterization of road 
conditions is achieved through a set of “Hot Keys” on the keyboard.  Provisions have been made 
for “medium duration” conditions (such as the type of road shoulder and the lane of travel) and 
“short duration” conditions (such as passing a construction area or an intersection with an 
unpaved road).  Road conditions are automatically written to a database with a computer time 
stamp, allowing for cross-referencing with the TRAKER measurement.  The TRAKER 
documenter was used in the Treasure Valley Road Dust Study on an experimental basis only.  

3.3 TRAKER QA 

In this section, we discuss the procedures used to characterize the TRAKER 
measurement, accuracy, and response to various conditions. We describe the measurement range 
and precision of the TRAKER, the loss of particles in the inlet sample line, the effect of diluting 
the sample stream in the inlets, and the effect of vehicle speed on the TRAKER signal.  

3.3.1 Measurement Range, Precision, and Out of Range Data 

The DustTrak instrumentation onboard the TRAKER vehicle has a precision of 1 ? g/m3.  
Thus, the smallest measurable difference in concentration between the tire and the background 
monitors is 1 ? g/m3.  As described in Section 3.5, this corresponds approximately to a single-
point minimum detection limit equivalent to an emissions factor of 0.9 g/VKT, meaning that any 
1-second measurement can only be resolved to within this value.  Note that substantially smaller 
emissions factors can be measured with the TRAKER if multiple points are used to calculate an 
average.  At the other end of the measurement range, DustTrak readings above 150 mg/m3 are 
not reliable.  This corresponds to an emissions factor for PM10 of approximately 50 g/VKT.  
Note that the upper end of the range can be extended to 110 g/VKT if the optional dilution 
system is in use (Section 3.2.2).  This upper limit can be further extended to 160 g/VKT if the 
ratio of PM2.5 to PM10 DustTrak measurements is utilized (see section 3.3.1.1).  
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Figure 3-4. TRAKER Control Panel. Real-time figures show the magnitude of the response of DustTraks. 
Additional displays show measurements from 3 GRIMM particle size analyzers and a global positioning 
sytem (GPS) receiver. The 10 lights in the top left of the screen serve as indicators of the health of onboard 
instruments (green = OK; red = not functioning). 

 

 
Figure 3-5. TRAKER Measurement Documentation Panel. A series of “hotkeys” are used to assign values to 
road condition parameters. Parameters are divided into “medium duration” (such as the type of road 
shoulder and the lane of travel) and “short duration” (such as passing a construction area or an intersection 
with an unpaved road). 
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Figure 3-6 shows the TRAKER coefficient of variation for the left and right PM10 
DustTrak signals as a function of the vehicle speed.  The coefficient of variation is a measure of 
the relative precision and is equal to the standard deviation of the measurement divided by the 
average of the measurement. In the Figure, the measurement corresponds to multiple passes on 
the same 1-mile stretch of road in the Treasure Valley.  The Figure clearly shows that the 
precision of the measurement improves with increasing vehicle speed.  The precision is 84% at 5 
mps, 30% at 9 mps, and approximately 10% above 14 mps.  Note that most TRAKER 
measurements occur at speeds greater than 9 mps (approximately 20 mph). The poor precision at 
low speeds is probably due to the influence of fluctuating ambient winds on the flow regime 
behind the front tires.  As the vehicle speed increases, such fluctuations become less important 
compared to the speed of the vehicle (see section 3.3.4 for discussion of the relationship between 
the TRAKER signal and vehicle speed).  The equivalent information for PM2.5 DustTraks is 
shown in Figure 3-7.  Note that for PM2.5, DustTrak data at speeds less than 50 km/hr are below 
the detection limits of the instruments.  The trend of improved precision with higher speeds is 
similar to the PM10 case. 

3.3.1.1 Inferring PM10 from PM2.5  

Unpaved roads are by nature much dustier than paved roads.  A dilution system was 
designed for the TRAKER in order to reduce the particle concentration in the TRAKER inlets 
and allow the DustTrak measurements to remain within the manufacturer’s specified operating 
range. In some cases, the PM10 DustTrak upper limit (150 mg/m3) was exceeded even with the 
dilution system in operation. For both the Treasure Valley Road Dust Study, and the calibration 
tests at Ft. Bliss (described in detail in section 3.4) PM2.5 DustTraks were collocated with PM10 
DustTraks in the sampling plena within the TRAKER.  Figure 3-8 shows the relationship 
between collocated PM2.5 and PM10 DustTraks.  Based on the correlation shown in the figure, 
when the PM10 DustTrak was out of range, the PM2.5 value was divided by 0.39 in order to 
estimate the PM10 value.  Note that while useful for correcting out of range data, the DustTrak is 
calibrated for PM10 and measurements with a 2.5 ? m inlet only give a nominal value for PM2.5. 

For a few cases, both the PM10 and PM2.5 DustTraks were out of range.  Under such 
circumstances, default values of 770 and 280 mg/m3 were assumed for PM10 and PM2.5, 
respectively.  This occurrence is rare and applies to less than 0.5% of the unpaved road data. 

3.3.1.2 TRAKER Validity Criteria 

A TRAKER data point is only considered valid if it meets all of the criteria outlined in 
Table 3-1.  Criteria are applied to the speed, acceleration, deceleration, and the wheel angle of 
the TRAKER vehicle.  If a data point does not meet any one of the criteria, then that data point is 
flagged as “Invalid” and is not used in any subsequent data processing activities.  Note that the 
TRAKER measurement uses the difference between the particle concentration measured behind 
the front tire and the concentration measured through the front bumper (see equation 1 in section 
3.3.4). Under certain conditions, the concentration at the front bumper may be higher than it is 
behind the front tire resulting in a negative measurement.  Negative values are NOT considered 
invalid and are retained in the database.  It is important to retain negative values so that a 
systematic bias is not introduced into the dataset. 
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Figure 3-6. TRAKER coefficient of variation expressed as a percentage for left and right PM10 DustTrak 
signals as a function of speed. The data represent left and right PM10 DustTrak signals averaged over a 1-mile 
stretch of road in the Treasure Valley. The coefficient of variation provides an estimate of the precision and is 
equal to the standard deviation of a measurement divided by the average. 
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Figure 3-7 TRAKER coefficient of variation expressed as a percentage for left and right PM2.5 DustTrak 
signals as a function of speed. The data represent left and right PM2.5 DustTrak signals averaged over a 1-
mile stretch of road in the Treasure Valley. The coefficient of variation provides an estimate of the precision 
and is equal to the standard deviation of a measurement divided by the average. Note that data for speeds less 
than 50 km/hr are below detection limits for the PM2.5 DustTraks. 
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Figure 3-8. PM10 and PM2.5 DustTrak signals when they are collocated in the same sampling plenum within 
the TRAKER. An R2 of 0.89 shows that the two measures are strongly correlated and that on average, the 
PM2.5 value is 39% of the PM10 value. 

 
Table 3-1 Validity criteria applied to each 1-second TRAKER data point. 

Parameter Criterion Threshold Description 

Speed > 

5 m/s – paved roads 
(~11 miles/hr) 

1.5 m/s – unpaved Roads 
(~3.5 miles/hr) 

Minimize disturbances due to ambient 
winds.  Criterion is relaxed for unpaved 
roads because it is necessary to travel at 
lower speeds due to high dust emissions 
that overwhelm the instruments on board 
the TRAKER. 

Acceleration < 0.5 m/s2 
(~1.1 miles/hr/s) 

Lateral shear during acceleration and 
transient airflow around the TRAKER 
inlets render TRAKER measurements 
during times of high acceleration 
unreliable. 

Deceleration < 0.5 m/s2 
(~1.1 miles/hr/s) 

Applying the brakes releases dust particles 
and may result in false high road dust 
readings. 

Wheel Angle < 3 degrees with respect to the 
vehicle body 

Turns cause the front wheels to form an 
angle with the vehicle body.  This in turn 
changes the orientation of the TRAKER 
inlets with respect to the front tires.  Data 
associated with sharp turns are not valid. 

 

The vehicle speed can become important under conditions of moderate to high winds. If 
the TRAKER is not moving fast enough, crosswinds and fluctuations in the ambient winds can 
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lead to unsteady flow conditions between the front tire and the inlet.  To avoid this possibility, a 
minimum speed of 5 m/s is required to consider a data point valid. This criterion is relaxed for 
unpaved roads (1.5 m/s) where traveling at high speeds can cause the DustTraks and PSAs on 
board the TRAKER to be overwhelmed with high dust concentrations.  Acceleration/deceleration 
criteria (< 0.5 m/s2) are also applied to the TRAKER measurement.  During periods of high 
acceleration, the flow regime around the inlets may be transient; during periods of deceleration, 
dust from the brakes may influence the particle concentrations behind the front tire.  In addition, 
the wheel angle must be less than 3 degrees with respect to the vehicle body.  This is to ensure 
that the orientation of the inlets with respect to the front tires is not changing over the course of 
the measurements.  The criteria shown in Table 3-1 are based on empirical observations and 
statistical analyses of the TRAKER measurement under a variety of driving regimes. They are 
conservative and intended to ensure that the measurements used in this study are valid.  

3.3.2 Inlet Loss 

To assess the magnitudes of particle losses in the sample inlet lines, particle 
concentrations at the inlet were compared to concentrations measured by the instruments 
attached to the plena.  The TRAKER was parked perpendicular to and 15 meters downwind of an 
unpaved road.  Two PSAs were placed within 5 cm of the inlet opening (Figure 3-9).  Inside the 
TRAKER, the manifold was outfitted with the usual suite of instruments, one PSA, one 
DustTrak with a PM10 inlet, and one DustTrak with a PM2.5 inlet.  Because they have direction-
sensitive inlets, and due to their physical configuration, it was not possible to place a DustTrak 
close enough to the inlet opening for comparison with the measurement inside the TRAKER.  
Instead, test results for the DustTrak were inferred from the results for the PSA.  A second 
vehicle was driven back and forth on the unpaved road to simulate the particle concentration 
range that would occur at the inlet during routine operation (Figure 3-10).  This test was 
performed for a minimum of 30 minutes for each of the three inlets.  For the inlets behind the left 
and right front tires, the test was conducted for the normal configuration, as well as for the case 
where the dilution system was in use.  The concentrations measured by each instrument were 
averaged over the period of the test for inter-comparison purposes.  

Figure 3-11 shows the fractional line losses associated with each particle size measured 
by the PSA for the three inlets.  The figure also shows the collocated precision for the PSA.  The 
aerodynamic particle size shown on the x-axis is calculated by assuming that the optical particle 
diameter is equivalent to the Stokes diameter and that the particles are spherical with a density of 
2.6.  Based on these assumptions, the aerodynamic diameter is equal to the optical diameter 
times the square root of the particle density (Seinfeld and Pandis, 1998).   

Line losses in the smallest size bin are not consistent with physical expectation and are 
probably marred by artifacts introduced by instrument error.  However, we note that the mass 
associated with this bin represents less than 0.1% of the mass of PM10 and that this error is 
negligible in the context of the present work.  Except for the smallest size bin, there are no 
significant differences in line losses between the left, right, and background inlets, i.e. 
differences in line losses between inlets are not greater than twice the precision which is the 
criterion for deciding whether or not two measurements are significantly different.  Thus, the 
left, background, and right line losses are adequately represented by Figure 3-12 which shows 
the average line losses for all three inlets.  Note that though negative line losses do not have a 
physical meaning, they are retained in order to correct for inter-instrument biases. 
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Line losses associated with the DustTrak monitors are also shown in Figure 3-12 for both 
PM10 and PM2.5.  Data from the PSA tests were used to calculate these line losses since they 
could not be measured directly.  This resulted in an estimated line loss of 5% and 18% for PM2.5 
and PM10 DustTrak measurements, respectively. 

 

 
Figure 3-9. Photograph showing two GRIMM PSAa and two TSI DustTraks as part of the configuration for 
the TRAKER background inlet line loss test. Though DustTraks are shown above, the directional nature of 
the inlets for those instruments did not allow for comparison with DustTraks connected to the plenum inside 
the TRAKER. 

 
Figure 3-10. Photograph showing dust generation as part of line loss characterization test. 
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Figure 3-11. Fractional line losses associated with each of the particle sizes measured by the GRIMM PSA 
and collocated instrument precision for TRAKER right, background, and left inlets. 
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Figure 3-12. Average fractional line loss for left, background, and right TRAKER inlet lines. 

3.3.3 Particle Concentration Dilution 

Flowrates through the dilution lines were set to approximately achieve ten fold dilution.  
However, since the rotameters used are temperature and pressure sensitive, actual dilution was 
determined by performing a line loss test as described in section 3.3.2.  Figure 3-13 shows the 
fractional line losses associated with each particle size bin for the TRAKER inlets when the 
dilution system is in operation. 

As was the case without dilution, there are no consistent differences between the diluted 
left and right inlets within the limits of measurement uncertainty.  Thus, the average shown in 
Figure 3-14 is used to correct particle concentrations for both inlets. 
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Figure 3-13. Combined dilution and line losses associated with each of the particle sizes measured by the 
GRIMM PSA and collocated instrument precision for diluted TRAKER right and left inlets. 
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Figure 3-14. Average fractional dilution and line loss for left and right TRAKER inlet lines when dilution 
system is in use. 

3.3.4 Speed Tests 

Experiments were conducted to determine the variation of the TRAKER signal with 
vehicle speed.  Tests were conducted on paved roads at the Fort Bliss Military Base near El Paso, 
Texas and on South Cloverdale Lane in Boise Idaho. 

At Fort Bliss, a 1200 m section of road was traveled in the northbound direction.  Three 
passes were run at the speeds (5, 9, 14, 19, 24, and 29 mps or equivalently 10, 20, 30, 40, 50, and 
60 mph) for a total of 18 passes.  The differential between the tire and the background monitors 
was averaged over each pass based on the start and stop times of the run.  The measurements of 
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PM10 and PM2.5 by DustTrak and particle counts per size bin were averaged for the left and right 
inlets.   

In the Treasure Valley, a 440 m section of road was selected for testing.  Passes were run 
over the same range of speeds as in Fort Bliss tests.  The same lane of travel was surveyed with 
the vehicle traveling in both northbound and southbound directions.  Using this approach, both 
the left and right inlets sampled the same tracks on the road.  Values were averaged over each 
pass. 

The resulting values from both sets of tests were regressed against the vehicle speed 
using a power function: 

b
BT sTTT *??          ( 2 ) 

where TT is the aerosol concentration at the vehicle tire, TB is the background aerosol 
concentration at the bumper inlet, and s is the speed of the vehicle.  The parameters T* and b 
were iteratively calculated by minimizing the least squares error between the observed and 
predicted values. 

Figure 3-15 shows the example of the regression for DustTrak PM10 measurements from 
the Treasure Valley speed tests.  In this example, speed explains 97% of the variability of the 
average measurement from each vehicle pass.  The remaining measured parameters (i.e. PM2.5, 
and particle counts for each size bin) were also regressed against vehicle speed.  The exponents 
of these regressions and the percentage of variance explained by the speed term are shown in 
Table 3-2.  Note that T* in Eq. (2) is a measure of the inherent “dirtiness” of the road.   

 
Figure 3-15.  Relationship between differential Dustraks measurements and vehicle speed for tests conducted 
on a common road section in the Treasure Valley, Idaho. R2 = 0.97. 
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Table 3-2.  Regression exponents for differential TRAKER signal and vehicle speed from tests performed at 
Ft. Bliss and the Treasure Valley. 

Parameter Ft. Bliss Exponent Percent Variance 
Explained 

Treasure Valley 
Exponent 

Percent Variance 
Explained 

Dustraks PM10 LR 2.75 92.3 2.96 97.2 

Dustraks PM2.5 LR 3.32 92.6 3.87 93.2 

PSA_0.56 3.20 94.5 2.87 85.4 

PSA_0.72 3.41 91.1 3.10 87.3 

PSA_0.92 3.16 91.9 3.05 88.3 

PSA_1.2 3.12 92.3 3.09 90.1 

PSA_1.4 3.01 92.6 3.03 91.2 

PSA_2 2.99 93.0 2.90 91.8 

PSA_2.9 2.81 92.7 2.66 85.0 

PSA_4 2.64 93.0 2.95 94.0 

PSA_5.6 2.29 92.1 3.18 94.5 

PSA_7.2 1.86 90.2 3.04 94.3 

PSA_9.9 1.43 83.6 2.76 90.5 

PSA_14 1.10 72.5 2.31 91.9 

PSA_19.8 0.76 44.8 1.66 78.4 

3.4 TRAKER Calibration: Flux Measurements at Ft. Bliss New Mexico 

From May 18 through May 24, 2001, unpaved road emissions flux experiments were 
conducted at the Ft. Bliss Military Base on the Texas/New Mexico Border.  The flux 
measurement portion of the study was funded by the Department of Defense under a SERDP 
grant to investigate the impacts of military vehicle activities on regional haze.  The tests were 
designed to achieve the following objectives: 

? ? Measure the rate at which fugitive dust emissions deposit to the desert surface after being 
emitted. 

? ? Determine the relationship between unpaved road dust emissions, vehicle speed, and 
vehicle weight. 

? ? Calibrate the differential TRAKER signal to measured emissions downwind of the 
roadway. 

The following sections describe the configuration of the experiment and the result of the tests. 

3.4.1 Flux Measurement Configuration 

The tests described here took place at the M88 Driver Training Range on the Ft. Bliss 
military facility near El Paso, TX.  Three towers were set up at the site, one upwind tower (9 m 
in high) and two downwind towers (one 9m high and the other 12.2 m high).  Figure 3-16 shows 
a detailed map of the orientation of the flux towers.  Historical meteorological data indicated that 
seasonal winds were predominantly from the west.  The towers were aligned so that the upwind 
tower was 30 m west of the unpaved road and the downwind towers were positioned at 9 m and 
50 m downwind of the road.  For most days of sampling, wind was from the west to northwest.  
On May 24, 2001, winds originated from the north.  On that day, vehicles were driven on the 
East-West Test Section so that emissions from the road would pass by the two downwind flux 
towers.  In this configuration the both downwind towers were approximately 30 m from the East-
West Test Section. 
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Each tower was instrumented with four TSI model 8520 DustTraks to measure vertical 
profiles of particulate matter concentration.  The DustTraks were outfitted with a 10 ? m 
aerodynamic size cut inlet and measured PM10 at 1 second intervals throughout the day.  Data on 
the DustTrak monitors were logged on an internal data logger and downloaded to a portable 
computer at the end of the sampling day. 

Grimm model 1.108 particle size analyzers (PSA) were mounted at various positions on 
the towers to measure changes in the particle size distribution both vertically and with downwind 
transport.  For the majority of the sampling period, one PSA was mounted at 1.25 m AGL on 
each of the three towers.  A fourth PSA was moved to different positions on the towers to 
measure changes in the particle size distribution at different points in the plume.  Data from the 
PSAs were reported in 6-second intervals and logged onto laptop computers located at the base 
of each tower. 

Five anemometers, one wind vane, and one temperature probe were mounted on the 
upwind tower to characterize the local meteorological conditions.  The meteorological data were 
recorded on a Campbell 21X data logger and downloaded to a laptop computer at the end of each 
day.  Meteorological data were averaged and stored at 5-minute intervals. 

 

 
Figure 3-16.  Map of upwind-downwind flux measurement towers at Ft. Bliss.  The black dots indicate the 
position of the upwind and downwind towers.  The open dots are the GPS points denoting the path of the 
TRAKER vehicle through the test sections. 
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3.4.2 Flux Calculation from Meteorological and Particulate Concentrations 

Horizontal flux emissions were calculated from the 1-second DustTrak data and the 
vertical wind profiles measured on the towers.  Figure 3-17 shows typical time series of the PM10 
concentrations measured by the DustTraks at each tower.  The concentration spikes in the figure 
represent individual vehicle passes.  The time series are labeled based on the position of the 
sampler.  DW1_2 is the second from the bottom DustTrak on downwind tower 1 (See Figure 
3-18 for DustTrak heights).  The results of the close downwind tower 1 are shown in the upper 
panel of the figure while the results from the farther downwind tower 2 are shown in the lower 
panel.   

The figure shows that the concentrations at the close downwind tower typically decrease 
with height.  At the far downwind tower, the second highest sampler typically measures the 
highest concentrations.  More over, the duration of the plume impact on the close tower is 
approximately 3-7 seconds while the duration at the far tower is 10-15 seconds.  These results 
indicate that the road dust emissions plume is dispersing both vertically and horizontally as the 
plume moves downwind of the road. 

Figure 3-18 shows the vertical distribution of the plume at 9 m and 50 m downwind of 
the road.  Concentrations have been normalized so that they sum to unity.  The profile at the far 
downwind tower clearly shows that the plume is dispersing vertically. 

Analysis of the DustTrak data from the three towers indicated that baseline drift over the 
course of a day did not affect all instruments equally.  In order to calculate emissions fluxes from 
the PM10 concentrations, a baseline for each instrument was determined from the peaks shown in 
Figure 3-17.  This baseline concentration was subtracted from the PM10 time series so that the 
resulting concentration time series was due only to the emissions of the vehicle passing the 
tower. 

PM10 emissions fluxes were calculated using the assumption that each DustTrak monitor 
represented a uniform concentration over an interval half way between the monitor and the 
neighboring monitor on the tower.  For example, the lowest monitor on downwind tower 1 
(DW1_1) was representative of the PM10 concentration from the ground to 1.83 m above ground 
level (AGL).  The second monitor represented the PM10 concentrations from 1.83 m AGL to 3.56 
m AGL, and so on.  The flux of particles at each tower was calculated using the following 
equation: 

?
?

???
4

1

)cos(
i

iii tzCuEF ?      ( 3 ) 

where EF is the emissions factor of PM10 in grams per vehicle kilometer traveled, ?  is the angle 
between the wind direction and a line perpendicular to the road, i is one of the four positions of 
the monitors on the tower, ui is the average wind speed in m/s over the interval represented by 
the ith monitor, Ci is the average PM10 concentration in mg/m3 as measured by the ith monitor 
over the interval ? t, ? z in m is the vertical distance represented by the ith monitor, and ? t is the 
duration that the plume impacts the tower in seconds.  A database of the emissions factors was 
assembled for the parameters: vehicle speed, vehicle type (i.e. Ford Ranger, Chevy Van, 
HumVee), date, and road orientation (i.e. East-West or North-South).  The database is presented 
in Table 3-3. 
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Figure 3-17.  Time series plots of concentrations measured on downwind tower #1 (9 m from unpaved road) 
and downwind tower #2 (50 m from unpaved road). 
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Figure 3-18. Diagram of sampler positions and vertical distribution of the plume downwind of the unpaved 
road. 

For the North-South test section, average emissions factors were calculated from passes 
of the Ford Ranger and the Chevy Van for a variety of speeds ranging from 1.4 to 14 mps.  At 
least 10 passes were completed at each speed, allowing for calculation of averages and standard 
errors of emissions fluxes.  Figure 3-19 shows the comparison of the emissions fluxes calculated 
at the two towers.  The  regression line relating the two sets of emissions factors has a slope of 
1.03 +/- 0.05 and an intercept of –2 +/- 8 g/vkt.  This result suggests that the difference of PM10 
mass flux of particles between the two towers is less than 5% of the total PM10 mass flux.   

Analysis of emissions factors from the tower experiments indicated that unpaved road 
dust emissions factors increase with vehicle speed as well as vehicle weight.  The Ford Ranger 
pickup truck has a gross vehicle weight of 1.5 Mg while both the TRAKER vehicle (Chevy Van) 
and HUMVEE have gross vehicle weights of ~3.5 Mg.  Figure 3-20 shows the relationships 
between emissions factors calculated from towers DW1 and DW2 versus vehicle speed.  The 
Ford Ranger emissions factors have been grouped separately from the TRAKER and HUMVEE 
emissions factors because of the weight discrepancies.  The slope of the regression line for the 
TRAKER and HUMVEE vehicles is approximately 35% higher than the slope of the Ford 
Ranger.   
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Table 3-3.  Average emissions factors calculated from unpaved road travel at Fort Bliss. 

Test Date Road Test 
Section 

Vehicle Target 
Speed 

(km/hr) 

Number of 
Vehicle 
Passes 

Emissions 
Factor on 

DW1 
(g/vkt) 

EMFAC 
DW1 

Standard 
Error 

(g/vkt) 

Emissions 
Factor on 

DW2 
(g/vkt) 

EMFAC 
DW2 

Standard 
Error 

(g/vkt) 
5/18/01 NS Ranger 20 16 49 15 53 13 
5/18/01 NS Ranger 30 16 172 47 147 52 
5/18/01 NS Ranger 40 16 308 57 331 66 
5/18/01 NS Ranger 50 15 239 43 242 41 
5/18/01 NS TRAKER 5 10 101 26 41 11 
5/18/01 NS TRAKER 7 15 12 3 17 5 
5/18/01 NS TRAKER 10 18 26 4 28 5 
5/18/01 NS TRAKER 15 3 45 22 36 5 
5/20/01 NS Ranger 20 20   52 19 
5/20/01 NS Ranger 30 20   154 30 
5/20/01 NS Ranger 40 20   234 49 
5/20/01 NS Ranger 50 20   232 38 
5/24/01 EW HUMVEE 10 19 34 9 37 13 
5/24/01 EW HUMVEE 20 20 167 51 161 51 
5/24/01 EW HUMVEE 30 20 242 48 237 44 
5/24/01 EW TRAKER 5 10 30 15 40 14 
5/24/01 EW TRAKER 10 10 56 12 82 24 
5/24/01 EW TRAKER 15 10 134 51 109 30 
5/24/01 EW TRAKER 20 10 45 15 186 110 

 

 
Figure 3-19.  Comparison of emissions factors measured on towers 9 m and 50 m downwind of an unpaved 
road.  Error bars on the figure represent the standard error of the flux measurements. 
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TRAKER and HUMVEE on EW Road by DW1
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Ford Ranger on NS Road by DW2

EF = 19 s
R2 = 0.67
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TRAKER and HUMVEE on EW Road by DW2 EF = 29.0 s
R2 = 0.92
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Figure 3-20.  Unpaved road dust emissions factors versus vehicle speed for two weight classes of vehicles.  The 
Ford Ranger weighs ~1.5 Mg while the TRAKER and HUMVEE weigh ~3.5 to 4 Mg. 

The reasonable curve fits shown in Figure 3-20 indicate that the relationship between emissions 
factor and vehicle speed is approximately linear.  This is consistent with the equation (See Eq 2-
1) used to model unpaved road dust emissions in the U.S. E.P.A.’s AP-42 documentation 
(USEPA, 1995).   

3.5 Comparison of TRAKER Measurements with Flux 

By comparing the TRAKER signal (Eq. 1) with the emissions factors measured on the 
down wind towers, a calibration for the TRAKER vehicle has been developed.  This calibration 
permits the inference of road dust emissions factors from valid TRAKER measurements. 

Table 3-4 shows the average TRAKER signal measurements from the unpaved road tests.  
The signal was calculated independently for both the right and left inlets.  With the exception of 
the 1.4 m/s pass on the East-West test section, signals from the left and right inlets agree with 
each other within the limits of the measurement uncertainty.  The TRAKER signal on the East-
West test section was typically more than one order of magnitude higher than on the more 
heavily traveled North-South test section. 

In section 3.3.4, tests on paved roads in two separate locations indicated that the 
TRAKER signal increases approximately with the cube of the vehicle speed.  In section 3.4, both 
our measurements and those used to develop the AP-42 emissions factors indicated that unpaved 
road emissions factors increase linearly with speed.  Based on these two relationships, the 
emissions factor should be approximately proportional to the TRAKER signal raised to the 1/3 
power.  That is: 
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3*sTT ?          ( 4 ) 

bsEF ?          ( 5 ) 
3/1kTEF ??          ( 6 ) 

where T is the TRAKER signal, EF is the emissions factor, s is the vehicle speed, and T*, b, and 
k are all constants.   
Table 3-4.  Average TRAKER signals measured on unpaved road test sections at Ft. Bliss.  Uncertainties are 
the standard errors of the means of multiple passes. 

Date Road 
Section 

Speed 
(m/s) 

Number of 
passes 

TRAKER Signal 
Left (mg/m3) 

TRAKER Signal 
Right (mg/m3) 

Average TRAKER 
Signal (mg/m3) 

5/18/01 NS 1.4 10 5 +/- 2 9 +/- 5 7 +/- 4 
5/18/01 NS 1.9 15 21 +/- 5 19 +/- 3 20 +/- 4 
5/18/01 NS 2.8 18 29 +/- 29 68 +/- 33 48 +/- 31 
5/18/01 NS 4.2 3 104 +/- 38 77 +/- 5 90 +/- 27 
5/24/01 EW 1.4 10 173 +/- 39 388 +/- 126 280 +/- 93 
5/24/01 EW 2.8 10 1005 +/- 223 1298 +/- 149 1151 +/- 190 
5/24/01 EW 4.2 10 3079 +/- 776 2619 +/- 271 2849 +/- 582 
5/24/01 EW 5.6 10 1735 +/- 317 2025 +/- 146 1880 +/- 247 

This mathematical relationship is tested using a power law regression between the 
average of the left and right PM10 TRAKER signal as measured by the DustTraks (Table 3-4) 
and the emissions factors measured using the averages of the fluxes at the DW1 and DW2 towers 
(Table 3-3).  The TRAKER signal is plotted against corresponding PM10 emissions factors in 
Figure 3-21.  The resulting calibration linking the PM10 TRAKER signal to the emissions factors 
is shown in the figure.  The exponent of the TRAKER signal (0.33 ?  0.06) is consistent with Eq 
(6).  The coefficient of the TRAKER term has a geometric standard error (? g) of 1.5.  Note that 
all points in the figure lie within 2 sigma of the regression line. 

The relationship shown in Figure 3-21 is used later in the report to estimate emissions 
factors from paved road and unpaved roads in Ada and Canyon Counties.  It should be noted that 
the range of emissions factors used for the calibration (i.e. 10 to 150 g/vkt) is generally one or 
two orders of magnitude higher than the typical emissions factors for paved roads.  As a result, 
emissions factors for the Treasure Valley are calculated by extrapolating the calibration shown in 
Figure 3-21 to lower values.  Furthermore, emissions factors calculated using this relationship 
apply to vehicles in the same weight class as the TRAKER.  We note that the TRAKER weighs 
~3.5 Mg which is approximately equal to the fleet average vehicle weight for most areas (3.0 – 
3.5 Mg) 

The DustTrak instrumentation onboard the TRAKER vehicle has a precision of 1 ? g/m3.  
Thus, the smallest measurable difference in concentration between the tire and the background 
monitors is 1 ? g/m3. This corresponds approximately to a single-point minimum detection limit 
equivalent to an emissions factor of 0.9 g/VKT, meaning that any 1-second measurement can 
only be resolved to within this value.  Note that substantially smaller emissions factors can be 
measured with the TRAKER if multiple points are used to calculate an average.  At the other end 
of the measurement range, DustTrak readings above 150 mg/m3 are not reliable.  This 
corresponds to an emissions factor for PM10 of approximately 50 g/VKT.  Note that the upper 
end of the range can be stretched to 110 g/VKT if the optional dilution system is in use. This 
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ceiling can be further stretched to 160 g/VKT if the correlation between the PM2.5 and the PM10 
DustTrak measurements is utilized (see section 3.3.1.1). 
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Figure 3-21.  Relationship between unpaved road dust PM10 emissions factors and the TRAKER signal from 
Ft. Bliss.  The error bars on the figure are the standard errors of the mean of each measurement. 

3.5.1 Comparison with silt 

Figure 3-22 illustrates how TRAKER results relate to manual silt loadings in the Treasure 
Valley.  Silt loadings are determined by sweeping or vacuuming loose particles from several 
specified areas on a stretch of road.  The same samples are sieved to determine the silt fraction 
and the quantity of larger particle sizes.  A comprehensive discussion of the silt loading methods 
used in the Treasure Valley is given in Chapter 2. For the data plotted in Figure 3-22, the 
TRAKER measurement was conducted on the same stretch of road as the silt loadings prior to 
the beginning of road-vacuuming. Thus, the two measurements are effectively collocated.  

The TRAKER measurement and manual silt loadings for the Treasure Valley are slightly 
correlated.  If a linear relationship is assumed, the R2 value for the regression is 0.11. If, on the 
other hand, a power-law relationship is assumed, the R2 value increases to 0.29, still not high 
enough to indicate a strong relationship between the two parameters. It is interesting that the 
correlation between the TRAKER and silt loadings was substantially higher during an earlier 
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study in Las Vegas (Kuhns et al., 2001).  Figure 3-23 shows the relationship between TRAKER 
measurements (T*) and manually determined silt loadings (sL) in Las Vegas. Note that the 
power-law relationship between sL and T* is the same for both Las Vegas and the Treasure 
Valley, namely that sL is equal to T* raised to the 0.47 power.  However, the relationship is 
stronger in the Las Vegas data (R2=0.47) than in the Treasure Valley data (R2=0.29). There are 
two possible explanations for the difference between the Las Vegas and the Treasure Valley 
data. First, it is possible that the road dirt in Las Vegas is more uniform in size distribution across 
the valley. That is, the relationship between 75 ? m dust particles (this is the nominal upper limit 
of the dust particles that are measured using the silt technique) and 10 ? m particles (this is the 
upper limit of dust particles measured by the TRAKER) is more consistent in Las Vegas than in 
the Treasure Valley. Second, the Las Vegas data span a higher range of numbers (approximately 
2.8 orders of magnitude) than the Treasure Valley data (approximately 1.6 orders of magnitude). 
Perhaps the higher range of numbers in the Las Vegas study serves to smooth out the noise in the 
relationship between TRAKER signal and silt loading, resulting in a better correlation between 
the two. 
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Figure 3-22. Relationship between manually collected silt loadings and the speed-corrected TRAKER signal 
in the Treasure Valley Idaho. TRAKER measurements were conducted over the same stretch of road where 
dirt was subsequently removed by vacuuming for silt analysis.  The solid line represents a power law 
regression of the data while the dashed line is the linear regression.  The low R2 values for either regression 
indicate that the TRAKER signal and silt loadings are only weakly correlated. Silt loadings shown in the 
Figure represent samples obtained in both summer and winter 2001.  The summer 6th st. sample has been 
omitted. 
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Figure 3-23. Silt Loading vs. Speed Corrected TRAKER signal for 18 silt-loading sites in the Las Vegas 
Valley. A power law regression (R2 = 0.47) shows that silt loading is proportional to the speed-corrected 
TRAKER signal raised to the 0.47 power. 
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4. RESULTS OF TRAKER MEASUREMENTS IN THE TREASURE 
VALLEY 

The TRAKER measurements conducted as part of the Treasure Valley Road Dust Study 
fall into three categories: Street surveys, multiple measurements on a closed loop of roads, and 
special experiments.  All measurements were performed either during the summer or winter 2001 
field campaigns.  

The TRAKER was used to survey several hundreds of miles of streets in Ada and 
Canyon Counties to assess the spatial distributions of road dust emissions and gather information 
on parameters that affect a particular roadway’s potential for emissions.  These data are used to 
express emissions factors in terms of measured or modeled parameters such as roadway VMT, 
speed, and setting.  The results from this portion of the study are used in assembling the 
emissions inventories discussed in Section 5.  

A set of roads was traversed with the TRAKER on multiple occasions during both winter 
and Summer 2001.  The roads constituted a closed loop and were chosen to represent a variety of 
conditions and road classes.  The data from the loop are used to assess temporal fluctuations in 
road dust emissions.  These include seasonal differences (summer vs. winter) as well as day-to-
day and week-to-week differences.  The loop data are also used to assess the effect of 
precipitation on unpaved road emissions.  

Two special studies experiments were also performed during the TVRDS.  In the winter, 
an experiment was coordinated with the Ada County Highway District (ACHD) to assess the 
short-term effects of road sanding on dust emissions.  During the summer, a similar experiment 
tested the short-term benefits of street sweeping.  

4.1 TRAKER Data Processing 

Processing of data involved a series of steps. First, each TRAKER data point was 
assessed for validity; the criteria for the validity of an individual data point were discussed in 
Section 3.  Note that the right inlet on the TRAKER was not active for a portion of the winter 
2001 season.  Therefore, for consistency, all data presented in this section are based on the 
TRAKER signal from the left inlet only.  Second, each valid measurement was cast in terms of 
an emissions potential. The emissions potential is a characteristic of the road and can be thought 
of as a measure of the road “dirtiness”.  Third, because each TRAKER data point corresponds to 
a point in space on the Treasure Valley roadway network, Geographic Information System (GIS) 
coverages were used to assign characteristics to the TRAKER measurement.  Thus, each data 
point was associated with a particular segment of road (link) that has its own set of attributes 
such as number of lanes, travel speed, and setting.  Fourth, street survey measurements that 
associated with a particular road segment were averaged by season (either winter or summer) and 
used to infer trends in road dust emissions with respect to the attributes of that road segment.  
TRAKER loop measurements were averaged by road segment and sample date. 

The TRAKER was used in the TVRDS primarily to estimate PM10 emissions.  However, 
consideration of the distribution of road dust particle sizes allows for the calculation of PM2.5 
emissions as well.  Details of this procedure are provided in section 4.1.3. 
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4.1.1 Converting TRAKER Data Into Emissions Potentials 

All invalid TRAKER data points (according to the criteria outlined in Section 3) were 
removed from the dataset.  The parameter used in considering valid TRAKER data is the 
emissions potential of the road.  Recall from Section 3 that:  

BT TTT ??          (4-1) 
3*sTT ?          (4-2) 

bsEF ?          (4-3) 
3/1kTEF ?          (4-4) 

where TT is the PM10 concentration at the vehicle tire, TB is the background aerosol 
concentration measured at the front bumper, T is the differential TRAKER signal, EF is the 
emissions factor, s is the vehicle speed, and T*, b, and k are all constants for a given road 
segment. It follows that 

? ?ssTkEF ??? )/( 3/1          (4-5) 

)/( 3/1 sTkb ??          (4-6) 

where the constant, b, is the road dust emissions potential and is related only to the “dirtiness” of 
the road. That is, for a given road, b is constant regardless of the speed that the TRAKER 
traverses the road and has units of [g/vkt/mps] where vkt is the vehicle kilometers traveled and 
mps is the speed of travel in meters per second.  Actual emissions factors for the road (units of 
g/vkt) are obtained by multiplying b by the speed of the vehicle that is traversing the road.  

The emissions potential was calculated for each valid TRAKER data point.  Note that in 
some cases, the differential signal T can be negative.  This occurs if the background PM 
concentration measured on the bumper of the vehicle is higher than the influence concentration 
behind the tire due to instrument noise or a time delay between when a “dirty” air pocket passes 
by the bumper and then the tires.  It is important to retain these negative values in the database so 
as not to introduce a bias when calculating averages.  

4.1.2 Associating TRAKER Data With Roads and Settings 

All data were imported into a GIS-format database.  Using the GIS coverages shown in 
Table 4-1 and a software utility for joining spatial data, each TRAKER measurement was 
associated with a road segment or type, county, and setting (urban/rural). For non-residential 
roads, the TRAKER measurement was associated with a link in the Traffic Demand Model 
(TDM) that was provided by COMPASS.  Each link in the TDM is attributed with a road class 
(e.g. principal arterial, collector, etc).  Residential roads are not reflected in the TDM as physical 
entities; instead, they are grouped and represented as “Centroid Connectors”.  For residential 
roads, the TRAKER measurement was flagged as “residential” based on spatial joins with 
separate Ada County and Canyon County street coverages, shown in Table 4-1 as “adastr” and 
“canstr”, respectively. 

When attributing a road dust emissions potential to an individual road segment, 1-second 
TRAKER data for that road segment (link) were averaged.  If there were fewer than 10 valid data 
points for that road segment, then the road segment was not considered to have a valid 
measurement. 
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Table 4-1. GIS coverages used in TRAKER data analysis 

Coverage/Fields used Coverage/Field Description 

Coverage: TRAKER Measurements  

Filename: 
ALL_BRD_TRAKER_02.mdb 

Source: DRI 

Coverage Description: Point coverages of all measurements conducted with 
TRAKER. This coverage is used to assign attributes to all TRAKER measurements. 
Attributes include, which road segment the measurement was conducted on, which 
County, whether or not the TRAKER measurement corresponds to an urban or a 
rural area. 

 

Data Fields Used Field Description 

Datetime The date and time of each measurement in MM/DD/YY HH:MM:SS format. The 
dates are important for resolving temporal trends in road dust emissions and are also 
used as a key between all measurements (GPS, DustTraks, PSAs, Database) 

Lat, Lon, Elev The latitude, longitude and elevation of each measurement as calculated from 
differentially-corrected GPS signals. 
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Table 4-1. (cont) GIS coverages used in TRAKER data analysis 

Coverage/Fields used Coverage/Field Description 

Coverage: 2000 TDM 

Filename: 2000.shp 

Source: COMPASS 

 

Coverage Description: Year 2000 Traffic Demand Model analysis results. The 
TDM uses optimization algorithms to determine how traffic flows between Traffic 
Analysis Zones (TAZ). Major roadways are included as individual links in the TDM 
coverage. Residential areas are represented by a single TAZ, with one or more links 
that access the larger network. i.e individual residential streets are not represented. 
This coverage is used to associate TRAKER data to the major streets in the traffic 
demand network.  

 

Data Fields Used Field Description 

A, B The A and B fields correspond to node ID numbers within the network. Specifying 
A and B uniquely specifies a link in the TDM. Note that individual links only 
support traffic flow in one direction. Thus, it is possible to have two links between 
any two nodes, one per direction of travel. 

Speed (mph) Specifies the vehicle speed in miles per hour on a particular link. 

FTYPE A number between 1 and 20 that assigns a roadway type to the link: 1-2 ?  
Interstate; 3-6 ?  Principal Arterial; 7-10 ?  Minor Arterial; 11-14 ?  Collector; 15-
18 ?  Local; 19 ?  Interstate Ramp; 20 ?  Centroid Connector. A centroid connector 
does not necessarily correspond to an actual road, but rather is used as a surrogate 
for all traffic flow coming out of a TAZ. 

THRULANE The number of travel lanes on the link.  

COUNTY Specifies the County that the link is located in : 1 for Ada, 2 for Canyon. 

ADJCNT Adjusted Traffic Volume on a vehicles per average weekday basis. This field is only 
active if actual traffic counts have been obtained for the link. Note that the total 
number of vehicles traversing a link is reported. Thus, to obtain the traffic volume 
on a per lane basis, you must divide ADJCNT by the THRULANE field. 

V1_1 Traffic Volume in average vehicles per weekday obtained from TDM analysis 
results.  The total number of vehicles traversing a link is reported. Thus, to obtain 
the traffic volume per lane, you must divide V1_1 by the THRULANE field. 

Coverage: 2010 TDM 

Filename: 2010.shp 

Source: COMPASS 

Coverage Description: Year 2010 Traffic Demand Model projected analysis 
results. The format for this data file is the same as for the 2000 TDM coverage 
except that the ADJCNT field is not used. 
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Table 4-1. (cont) GIS coverages used in TRAKER data analysis 

Coverage/Fields used Coverage/Field Description 

Coverage: 2015 TDM 

Filename: 2015.shp 

Source: COMPASS 

Coverage Description: Year 2015 Traffic Demand Model projected analysis 
results. The format for this data file is the same as for the 2000 TDM coverage 
except that the ADJCNT field is not used. 

Coverage: 2020 TDM 

Filename: 2020.shp 

Source: COMPASS 

Coverage Description: Year 2020 Traffic Demand Model projected analysis 
results. The format for this data file is the same as for the 2000 TDM coverage 
except that the ADJCNT field is not used. 

Coverage: Ada streets 

Filename: adastr.shp 

Source: COMPASS 

Coverage Description: Coverage of Ada County streets. Associated data tables 
include information on whether or not a particular road segment is a residential 
street. 

 

Data Fields Used Field Description 

STR_CLA Street Class. This field identifies residential road segments and is used to tie 
TRAKER data with residential roads that are not covered by the TDM 2000 
coverage. 

Coverage: Canyon streets 

Filename: canstr.shp 

Source: ESRI 

Coverage Description: Coverage of Canyon County streets. This coverage was 
used to identify residential Canyon County streets. TRAKER data associated with 
these streets were tagged manually and this coverage was used for visual verification 
only. 
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Table 4-1. (cont) GIS coverages used in TRAKER data analysis 

Coverage/Fields used Coverage/Field Description 

Coverage: Census Tracts 

Filename: idtrct.shp 

Source: ESRI 

Coverage Description: Area coverage of the state of Idaho of the year 2000 Census 
Data by tract. This coverage was used to assess whether a given TRAKER 
measurement was performed in a rural or an urban area: Rural ?  population/sq. mile 
<1000, Urban ?  population/sq. mile >1000. 

 

Data Fields Used Field Description 

Area The spatial area in square miles of the census tract. 

POP1997 1997 Population in the census tract. This number is used as an estimate of the year 
2000 population.  

COUNTY_FIPS ID number that identifies the county that the census tract is located in: 001 for Ada, 
027 for Canyon 

 

4.1.3 Size Distributions of Road Dust Emissions: The relationship between PM2.5 and 
PM10 emissions 

The size distributions of paved and unpaved road dust emissions are shown in Table 4-2.  
For paved road dust, the size distribution was derived from all valid TRAKER data points 
obtained with the PSA during measurements conducted in the winter and summer of 2001 in the 
Treasure Valley.  The PSA counts particles in each of 15 size bins. Because the instrument uses 
light scattering to make size measurements, the particle size reported by the PSA is an “optical” 
particle size.  An equivalent aerodynamic particle size can be derived if the density of the 
particles is known.  For the present analysis, the density of silica (2.6 g/cm3) was used to infer 
aerodynamic particle sizes from optical particle sizes.  The PM2.5 fraction was calculated by 
summing the mass of all particles in bins 1 through 6 corresponding to aerodynamic diameters of 
0.48 to 2.58 microns.  PM10 was calculated by summing the mass of all particles in bins 1 
through 10 and half the mass of particles in bin 11.  This corresponds approximately to the 
aerodynamic particle size range of 0.48 to 9.87 microns.  

Size distributions for unpaved road dust emissions were also measured using the PSA 
particle size analyzer.  However, in the case of unpaved roads, the PSA data were obtained from 
instruments that were mounted on two towers downwind of an unpaved road in Ft. Bliss, TX (see 
Section 3 for a description of those experiments).  
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Table 4-2 shows that there are no statistically significant differences between the paved 
and unpaved road dust size distributions except for bin 1, corresponding to a size range that 
contains less than 1 percent of the total PM10 mass.  Since the data for paved roads is based on a 
much more extensive database, the size distributions for unpaved roads and paved roads are 
assumed to be identical within the measurement errors and appear in the far right column in the 
table.  According to the data, PM2.5 emissions only constitute 5.7% of the PM10 emissions. 
Table 4-2. Size distributions of paved and unpaved road dust emissions 

Bin 
Optical 

Diameter Range 
(? m) 

Aerodynamic 
Diameter Range 

(? m)a 

Log mean 
diameter (? m) 

Percent of PM10 
based on paved 
road emissions b 

Percent of PM10 
based on 

Unpaved Road 
emissions c 

Difference 
between paved 
and unpaved 
statistically 
significant? 

Value Used 

1 0.3 - 0.4 0.48 - 0.64 0.56 0.24% 0.08% Yes 0.24% 
2 0.4 - 0.5 0.64 - 0.81 0.72 0.17% 0.11% No 0.17% 
3 0.5 - 0.65 0.81 - 1.05 0.92 0.43% 0.32% No 0.43% 
4 0.65 - 0.8 1.05 - 1.29 1.16 0.50% 0.48% No 0.50% 
5 0.8 - 1. 1.29 - 1.61 1.44 1.19% 1.13% No 1.19% 
6 1. - 1.6 1.61 - 2.58 2.04 3.16% 2.47% No 3.16% 
7 1.6 - 2. 2.58 - 3.22 2.88 12.22% 9.54% No 12.22% 
8 2. - 3. 3.22 - 4.84 3.95 19.95% 22.02% No 19.95% 
9 3. - 4. 4.84 - 6.45 5.59 12.67% 15.62% No 12.67% 
10 4. - 5. 6.45 - 8.06 7.21 21.78% 20.36% No 21.78% 
11 5. - 7.5 8.06 - 12.09 9.87 27.69% 27.86% No 27.69% 

PM2.5 
(0.48 - 2.58) 0.3 - 1.6 0.48 - 2.58  5.70% 4.59% No 5.70% 

PM10 
(0.48 - 9.87) 0.3 - 6.12 0.48 - 9.87  100.00% 100.00% N/A 100.00% 

a Aerodynamic diameter based on an assumed particle density of 2.6 g/cm3 
b Size distributions of paved road emissions were calculated based on GRIMM particle size analyzers deployed in the sampling manifold of the TRAKER during 
winter and summer portions of the TVRDS. 
c Size distributions for unpaved roads were calculated from GRIMM particle sizers deployed on two towers downwind of an unpaved orad at Ft. Bliss, TX.  

4.2 TRAKER Street Surveys 

Figure 4-1 shows the street surveys conducted by TRAKER. The winter and summer 
field campaigns, each surveying a total distance in excess of 400 km (250 miles), essentially 
cover the same streets.  Table 4-3 shows the number of kilometers of valid TRAKER data 
categorized by season, county, and road class. 

4.2.1 Paved Roads 

Historically, analysis of dust emissions from paved roads has considered the road class as 
a parameter in deciding the appropriate emissions factors (e.g. USEPA, 1995).  However, it is 
important to note that the road classification is just a functional classification based on the 
implications that the road has for transportation. That is, the road class is based on parameters 
such as the speed of traffic on the road, the number of lanes, and the origin and destination of the 
road segment. From a road dust emissions perspective, the “classification” of the road in terms of 
its functionality in transportation networks is not, strictly speaking, relevant. The relevant 
parameters are the time of the year, the setting of the road, the speed that vehicles traverse the 
road, and the number of vehicles that traverse the road per lane of traffic. The use of road class in 
prior work is due primarily to an absence of a dataset that is large enough to assess these factors 
independently.  Thus, in the analysis of TRAKER data, the road class is not considered as an 
independent predictive parameter.  Instead, TRAKER data analysis directly considers the road 
speed, number of vehicles, and location as independent parameters. 
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a. 

 

 
b. 

 
Figure 4-1. Map of TRAKER Street Survey Route. a. Winter field study, b. summer field study. The black 
lines are streets that were traversed with the TRAKER. The gray area on the left is Canyon County and the 
thatched area on the right is Ada County. 
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Table 4-3. TRAKER street survey coverages by season, county, and road class. 

County Road Class
kilometers 

covered with 
TRAKER

County Road Class
kilometers 

covered with 
TRAKER

Ada Collector 62.0 Ada Collector 65.8
Ada Interstate 41.1 Ada Interstate 47.8
Ada Local/Residential 44.6 Ada Local/Residential 46.3
Ada Minor Arterial 60.9 Ada Minor Arterial 75.7
Ada Principal Arterial 51.9 Ada Principal Arterial 60.1
Ada Unpaved 14.9 Ada Unpaved 18.4
Ada All roads 275.4 Ada All roads 314.0

Canyon Collector 9.5 Canyon Collector 8.5
Canyon Interstate 30.3 Canyon Interstate 33.4
Canyon Local/Residential 15.3 Canyon Local/Residential 11.3
Canyon Minor Arterial 56.4 Canyon Minor Arterial 43.0
Canyon Principal Arterial 39.9 Canyon Principal Arterial 23.8
Canyon Unpaved 0.0 Canyon Unpaved 0.0
Canyon All roads 151.5 Canyon All roads 120.1

Ada & 
Canyon All roads 426.9

Ada & 
Canyon All roads 434.1

SummerWinter

 
 

4.2.1.1 Effect of Speed and VMT 

The effect of vehicle speed and the volume of traffic per lane on road dust emissions 
potentials were assessed for all non-residential roads. Residential roads were not included 
because they are not physically represented in the Traffic Demand Model. Therefore, the 
associated speeds and traffic volumes were also not available for residentials. It is important to 
note that “speed” here refers to the speed attributed to the road in the Traffic Demand Model and 
not the speed of the TRAKER vehicle itself.  The dependence of the emissions potential on 
speed and traffic volume was assumed to have the following form: 

yx
TSC vsCb ?? ??? ,,         (4-7) 

or equivalently, 

)log()log()log( ,, vysxlCb TSC ?????      (4-8) 

where b is the emissions potential in units of [g/vkt/mps], CC,S,T is a constant that is specific to 
the county (Ada or Canyon), setting (urban or rural), and time of year (winter or summer), lCC,S,T 
is the base 10 logarithm of CC,S,T , s is the road speed, v is the number of vehicles per lane per 
day, and x and y are positive empirical constants. The form of Eq (4-7) is appealing because as 
speed and traffic volume increase, the road dust emissions potential decreases, a result that is 
consistent with physical expectation.  

The results of regressions of log(b) vs. log(s) and log(v) are shown in Table 4-4. Three 
sets of linear regression results are shown in the Table: Log (b) vs. Log(s) and Log(v) shown as 
option 1 in the table, Log(b) vs. Log(s) only shown as option 2 in the table (assumes emissions 
potential independent of per lane traffic volume), and Log(b) vs. Log(v) only shown as option 3 
in the table (assumes emissions potential independent of road speed). For each of the three 
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regressions, R2 and P-values are also reported. R2 can be thought of as the fraction of the 
variance in Log(b) that is explained by the regression. The P-value for a parameter is an indicator 
of the probability that the fit for that parameter is not different from zero. In general, a low P-
value suggests that a discernible relationship exists between the dependent (Log(b)) variable and 
the independent (Log(s), Log(v), or both) variable(s). Option 1 resulted in very good curve fits 
with R2 ranging from 0.83 (Winter-Canyon-Rural) to 0.99 (Summer-Ada-Rural). When Log(s) 
was the only independent variable (option 2) R2 ranged from 0.77 (Winter-Canyon-Rural) to 
0.98 (Summer-Ada-Rural). Option 3 resulted in R2 ranging from 0.47 (Summer-Canyon-Urban) 
to 0.95 (Summer-Ada-Urban). Option 2 was chosen as the best option for use in the Treasure 
Valley Road Dust Study for three reasons. First, though option 1 resulted in better curve fits, the 
relationship between the variables was not consistent. The exponent, y, for per lane volume was 
negative for Summer-Canyon-Urban and Winter Canyon-Rural, suggesting an increase in 
emissions potential, b with increasing volume. However, y was positive for all other cases, 
suggesting a decrease in b with increasing volume. These results are not physically consistent. 
Second, road speed and per lane traffic volume are positively correlated (see Figure 4-2).  Thus, 
they are not independent variables. Third, road speed is a known quantity while volume is 
obtained from TDM model results. This adds uncertainty to the variable v. 
Table 4-4. Results of regression of log(emissions factor, b) vs. log (speed, s) and log (volume per lane, v). 

Time and Location 
Option 1 

Regressions of Log(b) vs. Log(s) and Log(v)  
Option 2 

Log(b) vs. Log(s) only; y=0 
Option 3 

Log(b) vs. Log(v) only; x=0 

Season County Setting R2 x Px y Py R2 x Px R2 y Py 

S Ada Rural 0.99 1.07 0.0002 0.12 0.0175 0.98 1.47 0.0000 0.90 0.37 0.0001 

S Ada Urban 0.95 0.20 0.6300 0.48 0.0199 0.88 1.39 0.0002 0.95 0.56 0.0000 

S Canyon Rural 0.93 1.18 0.1720 0.22 0.2289 0.88 2.05 0.0055 0.86 0.45 0.0076 

S Canyon Urban 0.89 4.01 0.1041 -0.42 0.2671 0.77 2.03 0.0496 0.47 0.31 0.2035 

W Ada Rural 0.97 0.13 0.7292 0.34 0.0217 0.88 1.32 0.0017 0.97 0.38 0.0000 

W Ada Urban 0.91 0.59 0.2447 0.33 0.1083 0.85 1.38 0.0004 0.88 0.53 0.0002 

W Canyon Rural 0.83 1.79 0.0341 -0.17 0.2597 0.77 1.05 0.0039 0.54 0.19 0.0366 

W Canyon Urban 0.94 1.36 0.1224 0.27 0.3249 0.89 1.86 0.0165 0.73 0.67 0.0637 

 

Considering speed, setting, and time of year as the only parameters that determine road 
dust emissions potentials from paved roads, Equation (4-7) simplifies to 

x
TSC sCb ??? ,,           Eq(4-8) 

The final values for CC,S,T and the exponent x are shown in Table 4-5. Note that the table 
also lists residential roads but that the x values for those roads are zero (i.e. no dependence on 
road speed).  The curve fits corresponding to the non-residential entries in Table 4-5 are shown 
in Figure 4-3.  In general, the regressed values for the exponent x and CC,S,T fit the original 
dataset well, within the limits of uncertainty. Table 4-6 shows a breakdown of emissions 
potentials and emissions factors based on the year 2000 Treasure Valley Roadway network. In 
obtaining the averages in Table 4-6 each link in the Traffic Demand Model was weighted equally 
regardless of link length or traffic volume.  This averaging scheme provides an overview of the 
range of emissions characteristics.  A discussion of road dust emissions resulting from individual 
activities and road types is provided in the following Chapter. 
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Figure 4-2. Chart showing positive correlation between road speed and per lane traffic 

Table 4-5. Final regression results of emissions potential vs. season, county, setting, and road speed. Use of 
these parameters requires that the speed s in Eq. (4-8) have units of m/s. 

Season County Setting RT CC,S,T [g/vkt/mps] 
x 

 (mps) 
S Ada Rural non-residential  14 -1.47 
S Ada Urban non-residential  15 -1.39 
S Canyon Rural non-residential  71 -2.05 
S Canyon Urban non-residential  90 -2.03 
W Ada Rural non-residential  15 -1.32 
W Ada Urban non-residential  24 -1.38 
W Canyon Rural non-residential  5 -1.05 
W Canyon Urban non-residential  71 -1.86 
S Ada Rural residential  0.67 0 
S Ada Urban residential  0.76 0 
S Canyon Rural residential  0.95 0 
S Canyon Urban residential  1.32 0 
W Ada Rural residential  0.77 0 
W Ada Urban residential  1.04 0 
W Canyon Rural residential  0.71 0 
W Canyon Urban residential  1.00 0 

It is interesting that while emissions potentials span a range of a factor of 6.3 (min = 0.21 
[g/vkt/mps]; max = 1.32 [g/vkt/mps]), actual emissions factors only span a range of a factor of 
2.8 (min = 3.3 [g/vkt]; max = 9.4 [g/vkt]).  This results because the emissions potential is 
multiplied by the speed to arrive at an emissions factor and because roads with lower emissions 
potentials tend to have higher speeds.  In practical terms, this means that whereas high speed 
roads are much cleaner than low speed roads, there are only modest differences in emissions on a 
per vehicle kilometer traveled basis. This result has profound implications for designing effective 
control strategies for road dust emissions from paved roads.  
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Summer - Ada - Urban
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Summer - Canyon - Rural
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c. 
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Winter - Ada - Rural
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Winter - Ada - Urban
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Winter - Canyon - Rural
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g. 

Winter - Canyon - Urban
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h. 

Figure 4-3. Regression results of emissions potential vs. speed. a-d: Summer and e-h: Winter; a,b,e,f: Ada; 
c,d,g,h: Canyon; a,c,e,g:Rural; b,d,f,h: Urban. Vertical bars indicate the standard error. 
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Table 4-6. Table of Emissions Potentials and Emissions Factors by Season, County, Setting, and Road Class 
for Year 2000. 

Season County Setting Road Class 
Emissions 
Potential 

(g/vkt/mps) 

Standard 
deviation of 
Emissions 
potential 

Emissions 
Factor 
(g/vkt) 

Standard 
Deviation of 
Emissions 

Factor 

Average 
Speed (m/s) 

S Ada Rural Arterial 0.24 0.06 3.95 0.56 17.1 
S Ada Rural Collector 0.38 0.14 4.48 0.67 13.0 
S Ada Rural Interstate 0.21 0.13 3.61 0.72 20.7 
S Ada Rural Local/Residential 0.63 0.11 4.46 0.28 7.5 
S Ada Urban Arterial 0.35 0.09 5.11 0.68 15.0 
S Ada Urban Collector 0.52 0.16 5.72 1.15 11.5 
S Ada Urban Interstate 0.27 0.14 4.52 0.87 19.6 
S Ada Urban Local/Residential 0.75 0.06 5.13 0.30 6.9 
S Canyon Rural Arterial 0.26 0.12 3.96 1.30 16.5 
S Canyon Rural Collector 0.28 0.16 4.06 1.18 16.2 
S Canyon Rural Interstate 0.22 0.19 3.30 1.60 21.0 
S Canyon Rural Local/Residential 0.76 0.31 5.73 1.22 9.4 
S Canyon Urban Arterial 0.44 0.12 6.07 1.03 14.3 
S Canyon urban Collector 0.56 0.30 6.74 1.80 13.3 
S Canyon urban Interstate 0.30 0.27 4.50 2.20 21.9 
S Canyon urban Local/Residential 1.32  8.88  6.7 
W Ada Rural Arterial 0.37 0.10 6.11 1.15 17.1 
W Ada Rural Collector 0.54 0.18 6.49 0.66 13.0 
W Ada Rural Interstate 0.32 0.17 5.55 0.89 20.7 
W Ada Rural Local/Residential 0.74 0.11 5.24 0.32 7.5 
W Ada Urban Arterial 0.60 0.16 8.68 1.30 15.0 
W Ada urban Collector 0.86 0.25 9.41 1.09 11.5 
W Ada urban Interstate 0.45 0.24 7.61 1.41 19.6 
W Ada urban Local/Residential 1.04 0.07 7.16 0.77 6.9 
W Canyon Rural Arterial 0.28 0.08 4.40 1.00 16.5 
W Canyon Rural Collector 0.28 0.07 4.27 0.13 16.2 
W Canyon Rural Interstate 0.23 0.11 4.07 0.46 21.0 
W Canyon Rural Local/Residential 0.58 0.20 4.62 0.21 9.4 
W Canyon Urban Arterial 0.53 0.14 7.34 1.39 14.3 
W Canyon urban Collector 0.66 0.30 8.00 1.88 13.3 
W Canyon urban Interstate 0.36 0.30 5.60 2.25 21.9 
W Canyon urban Local/Residential 1.00  6.74  6.7 

Aggregate Averages 

Season County Setting Road Class 
Emissions 
Potential 

(g/vkt/mps) 

Standard 
deviation of 
Emissions 
potential 

Emissions 
Factor 
(g/vkt) 

Standard 
Deviation of 
Emissions 

Factor 

Average 
Speed (mph) 

S    0.45 0.27 4.95 1.38 13.5 
W    0.58 0.28 6.70 1.98 13.5 
 Ada   0.53 0.26 6.09 1.93 13.3 
 Canyon   0.49 0.32 5.31 1.79 13.8 

S Ada   0.42 0.20 4.78 0.95 13.3 
S Canyon   0.51 0.37 5.27 1.91 13.8 
W Ada   0.64 0.27 7.40 1.76 13.3 
W Canyon   0.47 0.26 5.34 1.67 13.8 
  Rural  0.42 0.23 4.85 1.25 14.2 
  Urban  0.63 0.29 6.92 1.95 12.7 
   Arterial 0.39 0.17 5.84 1.98 15.8 
   Collector 0.52 0.27 6.13 2.13 13.1 
   Interstate 0.29 0.21 4.86 1.87 20.6 
   Local/Residential 0.80 0.26 5.68 1.34 7.9 
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The average emissions factor is 6.7 [g/vkt] for all winter roads and 5.0 [g/vkt] for all 
summer roads.  Differences between summer and winter are discussed at greater length in 
section 4.3.1.  Overall, Ada County emissions factors (6.1 [g/vkt]) were higher than those for 
Canyon County (5.3 [g/vkt]).  However, when segregated by season, Ada emissions factors are 
lower than Canyon in the summer (Ada-4.8 [g/vkt] vs. Canyon-5.3 [g/vkt]), with the converse 
being true in winter (Ada-7.4 [g/vkt] vs. Canyon-5.3 [g/vkt]).  Perhaps Ada County emissions are 
elevated in the winter because Ada County performs road sanding during snow events either 
more frequently or to a greater extent than Canyon County.  Rural roads exhibited lower 
emissions factors than urban roads (4.9 [g/vkt] vs. 6.9 [g/vkt]).  Part of the discrepancy is due to 
rural roads having slightly higher speeds than their urban counterparts.  In addition, rural roads 
are probably not as likely to receive as much sand prior to and during snow events.  In 
comparing the emissions potentials among the different road classes, it is quite clear that in 
general, higher speed roads are cleaner than lower speed roads.  For interstates, arterials, and 
collectors, the emissions factors also follow the same trend.  However, local/residential road 
emissions factors are lower than would be expected based on the average speeds of those roads.  
It is important to note that this may be in part due to the fact that residential roads are not 
represented as physical entities in the Traffic Demand Model.  Therefore, speeds that are 
associated with residential roads and are used to calculate emissions factors may be inaccurate. 

4.2.2 Unpaved Roads 

Figure 4-4 shows the unpaved roads that were surveyed with TRAKER.  Since accurate 
traffic volume and speed information were not available, all unpaved roads were averaged 
together to obtain one emissions factor for dry conditions.  The effect of precipitation on 
unpaved emissions is discussed in section 4.3.2.  Table 4-7 shows the emissions potentials 
calculated for unpaved roads measured with TRAKER.  The procedure for measurement and 
calculation is the same as for paved roads except that summer unpaved roads were surveyed 
using the TRAKER dilution system described in Section 3.  There are some minor differences 
between summer and winter measurements on the same stretch of road.  For example, the 
emissions potential for Pierce Park Dr. was 18.4 [g/vkt/mps] in the winter, and 6.3 [g/vkt/mps] in 
the summer.  On the other hand, both the Cloverdale Farm loop and Dry Creek Road 2 exhibit 
similar emissions potentials in both seasons.  Overall, within the uncertainties of the 
measurements, the average emissions potentials for dry unpaved roads do not differ between 
winter and summer. 

4.3 TRAKER Loop 

A set of roads that comprise a closed “loop” was traversed with the TRAKER repeatedly during 
the summer and winter field campaigns.  The loop is shown schematically in  
Figure 4-5 and turn-by-turn directions are listed in Table 4-8.  For paved roads, the TRAKER 
loop data allow for consideration of temporal trends in road dust emissions potentials.  The 
TRAKER could not be used when roads were still wet after a rain event because excessive water 
in the inlets could compromise the accuracy of the measurement and ruin the onboard 
instruments.  Therefore, it was not possible to examine the change in road dust emissions 
potential during and/or immediately after a rainstorm.  However, for unpaved roads, the effect of 
precipitation on emissions potentials can be seen for up to two days after a rain event without 
causing damage to the TRAKER instruments.  The effect of precipitation on unpaved road 
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emissions potentials was examined by comparing meteorological parameters to TRAKER 
measurements.  

 
Figure 4-4. Unpaved roads surveyed during the Treasure Valley Road Dust Study. The gray lines correspond 
to Ada County roads and the black regions correspond to unpaved roads surveyed with TRAKER. 

 
Table 4-7. Unpaved Roads and Corresponding Emissions Potentials 

Road Surveyed 
Winter Emissions Potential 

(g/vkt/mps) 
Summer Emissions Potential 

(g/vkt/mps) 
Cartwright  13.6 
Cloverdale Farm Loop 5.8 3.5 
Dry Creek 1  3.1 
Dry Creek 2 6.2 6.6 
Howry 6.0  
MacFarlane Creek  14.2 
Pierce Park 18.4 6.3 
Peak Dam Access Road  10.8 
Average 9.1 8.3 
Standard Error 2.8 1.8 
Overall Average 8.6 
Stanadard Error 1.5 
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Figure 4-5. TRAKER Loop 

 

4.3.1 Temporal Changes in Paved Road Dust Emissions 

Data from the TRAKER loop are shown in Figure 4-6 as a time series of emissions 
potentials segregated by road class.  The figure is split into a winter and a summer portion with 
the double vertical line delineating the two sampling seasons.  Several trends are readily 
apparent.   

First, emissions potentials are highest for residentials and lowest for interstates.  Figure 
4-7 shows that the road speed strongly influences the emissions potential.  Thus, high-speed 
roads such as interstates are likely to have lower emissions potentials than lower speed roads 
such as collectors. 

The second observation is that emissions potentials decrease steadily over time during the 
winter sampling period.  We hypothesize that the steady decrease over the 18-day sampling 
period in winter is due to the slow removal of geologic material that is associated with winter 
conditions.  The geologic material may be due to road sanding operations or carryout of mud 
from dirt lots or driveways. 



 4-17

Table 4-8. Turn-by-turn directions for TRAKER loop 

Action Approximate 
Distance 
Traveled on leg 

Park Center Dr. and Mallard: Starting Point; 
Turn Right strip mall parking lot heading 
Northwest on Park Center 

1 mile 

Park Center Becomes Beacon 0.5 miles 
Beacon Becomes Protest  0.25 miles 
Rt turn onto Federal Way 0.75 miles 
Rt turn on Capitol  Blvd 1 mile 
Rt turn onto Main St 1 mile 
Main St. becomes Warm Springs Rd. 0.5 miles 
Lt turn on Walnut St. 1 block 
Lt turn on Bannock St. 0.25 miles 
Rt turn on Bruce Ave 3 blocks 
Lt on McKinley St. 2 blocks 
Mckinley becomes Jefferson St. 0.25 miles 
Lt on 6th St. 2 blocks 
Rt on Front St. 0.75 miles 
Connector to I-84 Business 1 mile 
Connector becomes I-84 Business 2.5 miles 
I-84 Business Turns into I-84 2.5 miles 
Exit Eagle Rd. and turn Lt 2 miles 
Lt on Amity Rd. 0.25 miles 
Rt on Howry  0.25 miles 
Reverse Direction on Howry 0.25 miles 
Rt on Amity Rd. 1 mile 
Lt on Riva Ridge Dr. 1 mile 
Lt on Victory Rd. 0.25 miles 
Rt on Cloverdale Rd. 2.5 miles 
Rt on Fairview Ave. 1.2 miles 
Lt on Mitchell St, 1 mile 
Rt on Telfair 1000 ft 
Rt on Pinedale 300 ft 
Lt on Pepperwood Dr.  600 ft 
Bear Rt onto Altmore Dr. 300 ft 
Lt on Payson 100 ft 
Rt on Gurdon 50 ft 
Rt on Patton Ave. 100 ft 
Rt on Edna St. 0.25 miles 
Lt on Dalton Ln 0.25 miles 
Lt on Mcmillan Rd. 300 ft. 
Rt on Sunderland Dr. 0.4 miles 
Rt on SkyCliff (maybe) 300 ft 
Rt on Mountain View Dr. 0.2 miles 
Lt on Garrett 50 ft 
Rt on Chinden Blvd. (20/26) 4 miles 
Chinden Becomes Connector 0.75 miles 
Connector becomes Myrtle st. 1 mile 
Rt on Broadway Ave 0.75 miles 
Lt on Highland St. 0.25 miles 
End TRAKER Route in Huntington 
Apartments Parking Lot 

 

Table 4-9 shows an approximate schedule and amounts of sand used during the winter 
2000-2001 season.  As a matter of practice, the Ada County Highway District (ACHD) attempts 
to remove road sand by using street sweepers within 24 hours of application.  However, 
authorities at the ACHD stated that due to substantial snowfall towards the end of January and 
beginning of February 2001, street sweepers had not been able to keep up with road sanding 
activities.  Thus, in some areas, sand may have been present on the road surface for several 
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weeks prior to being swept.  While the road sand used by ACHD for traction control purposes is 
low in dust content, vehicle tires passing over coarse grains of sand may fracture and pulverize 
those grains into PM10-sized particles.  To exacerbate matters, street sweepers passing over 
“aged” road sand may not be as effective in removing the smaller particles resulting from 
pulverized sand; preliminary investigation on street sweeper effectiveness indicates that 
sweepers may only result in modest removal of PM10 –sized particles from roads (see section 
4.4).   

An additional source of geologic material on paved roads can result from the 
trackout/carryout of mud from unpaved driveways, roads, and construction sites.  Since 
precipitation and low temperatures are more prevalent in winter, dirt lots and roads are wet for 
longer periods of time than in summer.  Vehicles leaving muddy areas may carryout substantial 
amounts of mud on the tires and body unto the paved road network. 

Third, summer emissions potentials are lower than those for winter and are also relatively 
constant over time.  This indicates that by the time the summer study had begun, excess 
wintertime geologic material -due either to road sanding or vehicle carryout- had been removed 
from Ada County roads.  
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Figure 4-6. Paved road emissions potentials over time by road class. The black double vertical line indicates 
the end of the winter sampling and the beginning of summer sampling.  
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Figure 4-7. Paved road emissions potentials over time by speed class.  The black double vertical line indicates 
the end of winter sampling and the beginning of summer sampling. Residential streets are not included in 
figure. 

Table 4-9. Approximate schedule of sand application to Ada County roads during Winter 2000/2001 

Date 

Cubic 
meters of 

Sand 
Applied to 

Ada County 
Roads 

1/13/2001 143 
1/15/2001 2 
1/19/2001 259 
1/23/2001 5 
1/25/2001 441 
1/27/2001 5 
1/28/2001 5 
1/29/2001 301 
1/30/2001 243 
2/2/2001 140 
2/3/2001 16 
2/5/2001 7 
2/10/2001 46 
2/10/2001 49 
2/12/2001 23 
2/13/2001 4 

Total 2000/2001 1688 
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4.3.2 Meteorological Effects on Unpaved Road Emissions 

The TRAKER loop included a 1 km section of private unpaved road (Howry) that was 
traversed each time the loop was executed.  The emissions potential for each day the loop was 
executed was averaged over the entire length of the unpaved road.  The result appears as a time 
series in Figure 4-8.  The black circles correspond to the emissions potential in [g/vkt/mps].  The 
black squares correspond to daily precipitation in mm.  The gray line is a time trace of the 
relative humidity.  Emissions potentials fall into three distinct categories outlined by the gray 
boxes: “dry conditions”, “day after rain”, and “wet conditions”.  The emissions potentials and 
daily precipitation share the same y-axis scale on the left, while the relative humidity uses the 
right y-axis scale.  During and immediately after a rain event while the relative humidity is still 
high (3/3/01), emissions potentials are very low and correspond to “wet conditions”.  24 hours 
after a rain event (“day after rain”), when the relative humidity has had a chance to subside and 
the top layers of soil are drying, emissions potentials are higher than under “wet conditions”.  48 
hours or more after a rain event, emissions potentials are even higher (“dry conditions”).  If we 
consider the “dry conditions” as a baseline value, then under wet conditions, emissions are on 
average 7.9% of the baseline value and under “day after rain”, emissions are 35% of their 
baseline values.  This trend seems to hold regardless of the amount of rainfall, though we note 
that the range of daily rainfall amounts that were reported for the 2/23/01 to 3/20/01 period was 
modest (0.25 mm - 0.77 mm or 0.01 in – 0.03 in). 

AP-42 (USEPA, 1999) suggests the approximation that emissions from unpaved roads 
should be set to zero for all days where the total daily rainfall exceeds 0.25 mm.  The results of 
the TRAKER loop indicate that in addition to reducing emissions for days when rainfall is 
reported, unpaved road emissions should also be reduced for the 24-hour period that follows the 
day that rainfall was reported.  Physically, results from the TRAKER loop suggest that a thin 
layer of soil at the surface dries quickly, but that the soil underneath may remain wet for at least 
48 hours, considerably reducing the potential for dust emissions.  
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Figure 4-8. Plot of emissions potential of unpaved road on TRAKER loop, daily precipitation, and relative 
humidity.  Emissions potentials and rainfall use the left y-axis; relative humidity uses the right y-axis. 
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4.4 Special Studies 

During the TVRDS, experiments were carried out to determine the impact of street 
sweeping on paved road dust emissions.  These experiments were planned and executed in 
coordination with Kevin Barton of the Ada County Highway District Road Maintenance 
(ACHD). 

4.4.1 Winter Sanding Experiment 

The winter sanding experiment was originally designed to collect TRAKER data from a 
common set of roads prior to a snowstorm event, after a snowstorm and sand application, and 
after the sand had been removed from the roads by street sweeping.  Since, no snow events 
occurred in the Treasure Valley during the field study a controlled experiment was designed to 
measure the effects of sanding and sweeping on PM emissions. 

4.4.1.1 Testing Protocol 

The winter sanding experiment took place on the morning of 03/15/2001.  The first test 
was carried out in Boise on the rightmost eastbound land on Chinden Road between 50th and 42nd 
St. In this area, Chinden is a principle arterial with commercial zoning on both sides of the street.  
The road has four traffic lanes and a turn lane in the middle.  The shoulder of the road is paved 
and 1 meter deep in areas where there are no ingress-egress points.  Traffic counts were obtained 
by COMPASS on 09/24/97 and reported to be 14,192 vehicles per day in one direction.  The 
COMPASS traffic demand and forecasting model calculated year 2001 average daily traffic 
(ADT) of 23,392 in both directions or approximately 6,000 ADT per lane.  The posted speed 
limit on this road is 45 mph. 

The second test was performed on the westbound lane on Rose Hill/Franklin Road 
between Owyhee and Orchard.  Rose Hill Road turns into Franklin Road west of Roosevelt.  
This road section has 2 traffic lanes and a turn lane.  The road is in a residential neighborhood 
with curbing on both sides.  Between 03/16/2001 4:00 (Friday) and 03/18/2001 5:00 (Sunday), 
DRI deployed traffic counters on the westbound section of Rose Hill 200 ft west of Owyhee.  
Total one-way counts were measured at 5,700 on Friday and 4,200 on Saturday with a median 
speed of 33.1 mph.  Modeled 2001 ADT for the road was 17,910 in both directions or 
approximately 9,000 ADT per lane.  The posted speed limit on Rose Hill/Franklin is 35 mph. 

Chinden and Rose Hill/Franklin were each divided into three test sections as shown in 
Figure 4-9, Figure 4-10, and Table 4-10. 
Table 4-10.  Description of Test Section for Sweeping-Sanding Tests 

Test Section Activity Chinden Rose Hill/Franklin 
Section 1 Sanded and 

swept with 
vacuum 
sweeper 

Eastbound b/w 50th St. and 
Bradley (480 meters) 

Westbound b/w Owyhee and 
Latah (390 meters) 

Section 2 Sanded and 
swept with 
mechanical 
sweeper 

Eastbound b/w Bradley and 
45th St. (660 meters) 

Westbound b/w Latah and 
Roosevelt (420 meters)  

Section 3 Sanded but 
not swept 

Eastbound b/w 45th St and 
42nd St (600 meters) 

Westbound b/w Roosevelt and 
Orchard (890 meters) 
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Section 1 

Section 2 

Section 3 

 
Figure 4-9.  Map of Chinden sanding/sweeping test. 

 

Section 1 

Section 3 

Section 2 
 

Figure 4-10.  Map of Franklin/Rose Hill sanding/sweeping test. 
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Both roads were surveyed twice with the TRAKER vehicle immediately prior to the 
application of sand.  After surveying, the sand truck (Figure 4-11) was operated at 5 mph over all 
sections of both roads.  Sand flow is regulated by two controls: the gate at the bottom of the 
sander and the speed of the belt that moves the sand through the gate.  The rate of sand flow was 
measured at 2.0 kg/s.  The swath of sand thrown from the truck was estimated to span 6 meters 
in diameter. 

 
Figure 4-11.  Sand applicator truck. 

Visual observations of the sand on the test sections indicated that the sand truck did not 
uniformly disperse the sand across the lane.  The sand in the truck was wet and had a tendency to 
clump as it was applied.  While the sand deposits were not uniform across the lane, there is no 
basis for presuming that any test section received more or less sand than the others. 

Immediately after sanding, the vacuum sweeper (Figure 4-12) began operating on Section 
1 and the mechanical sweeper (Figure 4-13) began operating on Section 2.  Sweeper operators 
were instructed to use routine sweeping practices to collect all visible sand within their 
respective sections.  Section 3 was used as a control and was not swept after sanding. 

 
Figure 4-12.  Elgin Whirlwind vacuum sweeper. 
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Figure 4-13.  Johnston HSD mechanical sweeper. 

Once the sand had been swept from sections 1 and 2, the TRAKER vehicle resurveyed 
the test sections.  TRAKER surveys were repeated at several intervals after the sand was applied 
to evaluate how emissions from these different treatments evolve over time. 

4.4.1.2 Test Results 

Data were reduced by averaging the road dust PM10 emissions potential b for each test 
section and pass.  Data from multiple passes over a test section were averaged together if the 
passes were made within 10 minutes of one another. 

Figure 4-14 shows the results of the sanding/sweeper tests.  Chinden Street (top panel) 
was on the TRAKER loop so data from this location was sampled on five different occasions 
prior to the experiment.  The figures show that prior to the sanding sweeping test, the emissions 
potential for the three test sections from each road were similar.  Emissions potential variation 
was less than 10% between the three test sections for both Chinden and Rose Hill/Franklin. 

Ten minutes after sand application, no significant change was detected in the emissions 
potential from the road surface with the exception of the vacuum swept portion of Chinden.  The 
emissions potential from this section dropped from 0.47 to 0.27 (g/vkt)/(m/s).  This initial drop in 
potential is probably due to moisture on the road; the sand applied had an approximate moisture 
content of 8% (see Appendix A); the first section on Chinden received the sand that had been 
sitting at the bottom of the truck bed and was probably more wetted than sand that was applied 
later in the test (i.e on sections 2 and 3). 

At 2.5 hours after sand application, the emissions potential had increased at all test 
sections with respect to the baseline value prior to sanding.  At the Chinden test area, the vacuum 
swept section S1 emissions potential increased by 26%, the mechanically swept section S2 
emissions potential increased by 42%, and the unswept section S3 emission potential increased 
by 46%.  At the Rose Hill/Franklin test area; emissions potentials increased 69% on the vacuum 
swept section, 63% on the mechanically swept section, 61% on the unswept section. 
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Figure 4-14.  Results of controlled road sanding and sweeping tests for Chinden Road (top panel) and Rose 
Hill/Franklin Road (bottom panel). 
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Approximately 8 hours after the initial sanding and sweeping, the emissions potentials 
from all sections of both roads has returned to within 15% of their pretreated levels.  DRI’s 
traffic counter data from Rose Hill on 03/16/01 indicated that 40% of the measured ADT or 
~2000 cars traveling at 35 mph passed over the road in the first 8 hours.  Similarly, on Chinden it 
is estimated that 2000 to 2500 cars traveling at 45 mph passed over each lane in the first 8 hours.   

Figure 4-15 shows a picture of the unswept (S3) portion of Rose Hill/Franklin one day 
after sand was applied.  The travel lanes are clear of visible sand, however much of the material 
has migrated over to the untraveled portions of the road.  Sand was not visible on the sections 
where the road had been swept using either a vacuum or mechanical sweeper. 

 
Figure 4-15.  Picture of Franklin Road facing east taken 1 day after sand application.  Sand material has 
migrated away from the traffic lanes toward the curb. 

The results of the winter sanding and sweeping experiment indicate that the direct 
impacts of road sanding on PM10 emissions are short lived lasting no more than 8 hours or 2500 
vehicle passes.  PM10 emissions were observed to increase by 25% to 70% at 2.5 hours after the 
initial sanding and sweeping.  By 8 hours after treatment, the emissions potential from the roads 
were indistinguishable from their pretreatment levels.  Sweeping using a vacuum or mechanical 
system appears to provide no reduction of PM10 emissions potential when compared with not 
sweeping the road.  While the sweepers did an excellent job collecting the visible sand on the 
roads, the systems tested were ineffective at removing the source of the PM10 road dust particles. 

4.4.2 Summer Street-Sweeping Experiment 

During the summer months, the major activity of the ACHD is chip sealing existing 
roadways.  This process involves several steps.  First the roads are swept using vacuum sweepers 
to remove any debris, second gravel chips are spread over the roadway and smoothed with a 
roller, finally a fogger is used to adhere the chips to the underlying road.  The ACHD’s chip 
sealing program provided an opportunity to test the effectiveness of street sweeping as a control 
to reduce road dust emissions. 

Sand on 
side of road
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Tests were conducted on 07/22/01 through 07/24/01.  The TRAKER vehicle surveyed 
several roads before and after sweeping to evaluate the relative change in emissions potential 
attributable to street sweeping.  Maps of the test areas are shown in Figure 4-16 and Figure 4-17.  
For each test section, at least three passes were made over each section immediately before and 
after the sweeper.  The one exception is Quarter Horse that was pre-surveyed on 07/22/01 and 
swept and post-surveyed on 07/24/01.  All streets tested were in residential neighborhoods.  The 
sweeper used in these tests was the Elgin Whirlwind vacuum sweeper shown in Figure 4-12. 

 
Figure 4-16.  Map of street sweeper test areas in urban Boise.  The shaded ovals are the areas where the 
sweeper tests occurred. 

 
Figure 4-17.  Map of street sweeper test area in rural Ada County.  The shaded ovals are the areas where the 
sweeper tests occurred. 
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One-second emissions potentials (i.e. kT1/3/s) for each road section and heading were 
averaged.  The number of 1-second measurements constituting the averages ranged from 14 
(Ponderay northbound after sweeping) to 300 (Quarter Horse westbound after sweeping).  Figure 
4-18 shows the average emissions potential for each road segment and heading before and after 
sweeping.  The results from these tests are counterintuitive.  If the street sweeper is removing 
suspendable material from the roadway, the emissions potential should decrease after sweeping.  
Instead, the emissions potential is observed to increase by up to 40% after sweeping.  The 
average emissions potential increase measured on all five roads is 16%. 
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Figure 4-18.  Comparison of emissions potential from 5 streets in Ada County before and after street 
sweeping. 

The reason for the increase in emissions potential after sweeping is unclear.  It is possible 
that material displaced from the curb unto the street as the sweeper passes over the road.  
Alternatively, particles trapped in the cracks and pits of the road may be redistributed across the 
road surface by the sweeper, making those particle available for suspension by passing vehicles.  

In this experiment, the application of the sand has been shown to increase PM10 
emissions, though only for a short time after application.  Sand applied to the road drifted to the 
shoulders within a few hours of application.  On the short time-scale of these experiments, it was 
not possible to investigate whether or not sand blown to the side of the road can serve as a long-
term reservoir for subsequent PM10 emissions.  

At present, it is uncertain how sweeping affects the urban scale emissions inventory.  The 
sweepers tested effectively capture large material (e.g. sand, trash, and leaf debris) but were not 
effective in lowering PM10 emissions in the short-term.  We note however that the large material 
on roadways may be precursors to PM10 road dust emissions since vehicle tires can disaggregate 
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the large material into finer particles.  Thus, it is possible that the removal of comparatively large 
grains of geologic material reduces the total amount of PM10 that would otherwise be available 
for emission in the long-term.  This mechanism, not examined by the experiments presented 
here, should be studied further since it may have important implications for the effectiveness of 
street sweeping programs in PM10 emissions reduction. 
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5. EMISSIONS INVENTORIES FOR THE TREASURE VALLEY 
In this chapter, we summarize the steps taken to calculate the road dust emissions 

inventories for the year 2000.  Specific inventories for two episodes that correspond to periods of 
air quality concern are also presented.  Those episodes are January 1 – 9, 1991 and December 20 
– 26, 1999.   

We begin with a discussion of the methodology for calculating paved road emissions in 
section 5.1. Section 5.2 addresses unpaved road emissions calculations. The results of the 
emissions inventories for the Treasure Valley are summarized in 5.3 and compared to the 
emissions inventory prepared by SAI (1997) as well as emissions based on silt samples that were 
obtained as part of this study.  Complete listings of the emissions inventories for year 2000, 
future years, and episodic periods are provided in electronic format as an appendix to this report 
(See Appendix C for a description of file contents). 

5.1 Emissions inventory for paved roads 

Emissions inventories for paved roads were carried out in several steps.  First, link-level 
emissions potentials were calculated based on roadway characteristics that were available from 
the Traffic Demand Model as well as road location and setting.  Next, emissions were calculated 
for paved roads under dry conditions, i.e. in the absence of precipitation.  Results from the 
TRAKER portion of the study were used to estimate both PM 10 and PM2.5 emissions.  Finally, a 
correction was applied to account for the effect of precipitation on the emissions of road dust.  
Meteorological information cited here is only intended for road dust emissions calculation 
purposes.  For a more thorough review of historical precipitation and wind conditions in the 
Treasure Valley, please see the document attached as Appendix B to this report. 

5.1.1 Year 2000 Paved roads 

5.1.1.1 Emissions potentials 

For a given length of road, the emissions factor, EF, in grams per vehicle kilometer 
traveled ([g/vkt]) can be expressed as: 

bsEF ?           Eq (5-1) 

where b is the emissions potential in grams per vehicle kilometer traveled per meter per second 
[g/vkt/mps] and s is the speed of the vehicles traveling on the length of road in meters per second 
([mps]) and can be expressed as: 

x
TSC sCb ??? ,,           Eq (5-2) 

where CC,S,T is a constant that depends on the county the road is in (Ada or Canyon), the setting 
of the road (rural or urban), and time of year (season), s is the vehicle speed, and x is an 
empirically-derived exponent. The emissions potential is a measure of the road “dirtiness” while 
the emissions factor is a measure of how much dust is emitted from a road when vehicles travel 
the road at a certain speed. Emissions potentials, emissions factors, and Equations 5-1 and 5-2 
were discussed in Section 4; the results of that work are recapped as part of the two subsections 
that follow.  
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5.1.1.1a Roads covered by Traffic Demand Model 

The Traffic Demand Model (TDM) network of roads provided by COMPASS includes a 
physical link for each direction of travel of each major roadway. Major roadways include 
“Locals”, “Collectors”, “Minor Arterials”, “Principal Arterials”, and “Interstates”. Minor streets 
in residential neighborhoods are not physically represented in the TDM. Emissions potential 
estimates for those types of roads is discussed in the next section.  

For the year 2000 paved road inventory, direct TRAKER measurement results were used 
whenever possible. That is, when the TRAKER was used to traverse a road that corresponds to a 
link in the Traffic Demand Model network, the TRAKER measurement obtained on that road 
was used to represent the emissions potential for that link. For the remainder of the roads in the 
TDM, the empirical relationship expressed in equation (5-2) was used to estimate the emissions 
potential. Table 5-1 summarizes the empirical values used for CC,S,T and x. The travel speed 
associated with each link is reported as part of the TDM network representation.  
Table 5-1. Emissions potentials for roads that are physically represented in the TDM by season, county, and 
setting 

Season County Settinga
CC,S,T 

[g/vkt/mps] x 
S Ada Rural 47 -1.47 
S Ada Urban 45 -1.39 
S Canyon Rural 370 -2.05 
S Canyon Urban 462 -2.03 
W Ada Rural 43 -1.32 
W Ada Urban 72 -1.38 
W Canyon Rural 12 -1.05 
W Canyon Urban 318 -1.86 

a The setting of a road is designated based on census tract data. If a road falls into a census tract where the ratio of 
population to area is greater than 385 people per square kilometer, then the road setting is considered urban; 
otherwise, it is rural. 

5.1.1.1b Residential Roads 

Residential roads are not present in the TDM as physical entities. Instead, they are 
represented by a series of centroid connectors (Figure 5-1).  In practice, this means that a small 
neighborhood is represented by a point, referred to as a traffic analysis zone (TAZ), and is 
connected to major roadways in the TDM (non-residentials) by centroid connectors. This 
modeling tool does not allow for direct overlay of TRAKER measurements obtained on 
residentials roads.  Therefore, an empirical relationship between emissions potential and road 
speed was not possible to obtain for residential roads. The emissions potentials for residential 
roads are summarized in Table 5-2 and are independent of speed (i.e. x=0). 

5.1.1.2 Emissions for dry paved roads 

The calculation of dry paved road emissions of PM10 is straightforward once the 
emissions potentials have been calculated for the individual links in the TDM.  The dry PM10 
emissions for a link are simply: 

iiii VLEFE ??? 10,10,         Eq (5-3) 
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where Ei.10 is the emissions in grams per day associated with link i, EFi,10 is the emissions factor 
for PM10 for link i, L is the length of the link in kilometers, and V is the volume of traffic in 
vehicles per day. Substituting equation (4-3) for EF,  

iiiii VLsbE ????10,         Eq (5-4) 

where bi is the emissions potential ([g/vkt/mps]) for link i,  and si is the speed in meters per 
second ([mps]). Calculation of the emissions potential, b, is described in section 5.1.1.1. The 
speed (s), link length (L), and traffic volume (V) are provided in the TDM in units of miles per 
hour, miles, and vehicles per day.  The link length in miles is converted to kilometers by 
multiplying by 1.609.  The miles per hour speed is converted into units of meters per second by 
multiplying by 0.447.  The TDM reports traffic volumes for average weekday traffic.  Emissions 
calculated using this volume for individual days should be corrected for weekend/weekday 
differences as well as month to month variations. Table 5-3 shows a summary of the average 
weekday vkt and speeds for roads in the traffic demand model. 
Table 5-2. Emissions potentials for residential roads by season, county, and setting 

Season County Settinga CC,S,T [g/vkt/mps] 
S Ada Rural 0.67 
S Ada Urban 0.76 
S Canyon Rural 0.95 
S Canyon Urban 1.32 
W Ada Rural 0.77 
W Ada Urban 1.04 
W Canyon Rural 0.71 
W Canyon Urban 1.00 

a The setting of a road is designated based on census tract data. If a road falls into a census tract where the ratio of 
population to area is greater than 385 people per square km, then the road setting is considered urban; otherwise, it is 
rural. 
 
 

 
Figure 5-1. Example of how centroid connectors emulate residential streets. The thin black lines represent 
roads in a residential neighborhood. The thick gray lines (1-4) are the representation of the residential 
neighborhoods within the Traffic Demand Model. The point at the center of the picture where the four gray 
centroid connectors meet is an example of a Traffic Analysis Zone (TZA). 
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Table 5-3.  Speeds and VKT by county setting, and road class 

County Setting Road Class Speed (m/s) 

Vehicle 
kilometers 
traveled 
(VKT) 

Ada Rural Arterial 11.2 14129 
Ada Rural Arterial 12.1 8692 
Ada Rural Arterial 13.4 132011 
Ada Rural Arterial 15.6 546380 
Ada Rural Arterial 16.5 18753 
Ada Rural Arterial 17.9 525237 
Ada Rural Arterial 20.1 682971 
Ada Rural Arterial 22.4 94776 
Ada Rural Arterial 24.6 33173 
Ada Rural Collector 6.7 9918 
Ada Rural Collector 8.9 27597 
Ada Rural Collector 9.8 1266 
Ada Rural Collector 10.7 2972 
Ada Rural Collector 11.2 70536 
Ada Rural Collector 11.6 976 
Ada Rural Collector 13.4 55059 
Ada Rural Collector 14.3 990 
Ada Rural Collector 14.8 718 
Ada Rural Collector 15.6 129424 
Ada Rural Collector 17.9 117050 
Ada Rural Collector 19.2 340 
Ada Rural Collector 20.1 2491 
Ada Rural Interstate 11.2 20491 
Ada Rural Interstate 13.4 300 
Ada Rural Interstate 15.6 6568 
Ada Rural Interstate 17.9 1057 
Ada Rural Interstate 20.1 9671 
Ada Rural Interstate 22.4 559467 
Ada Rural Interstate 24.6 580328 
Ada Rural Interstate 29.1 76488 
Ada Rural Interstate 31.3 130099 
Ada Rural Residential 6.7 335959 
Ada Rural Residential 15.6 122594 
Ada Urban Arterial 6.7 302 
Ada Urban Arterial 8.9 8614 
Ada Urban Arterial 11.2 178384 
Ada Urban Arterial 12.1 912 
Ada Urban Arterial 12.5 3146 
Ada Urban Arterial 13.4 729400 
Ada Urban Arterial 14.3 1767 
Ada Urban Arterial 14.8 9526 
Ada Urban Arterial 15.6 1779624 
Ada Urban Arterial 17.0 99489 
Ada Urban Arterial 17.9 347787 
Ada Urban Arterial 20.1 221046 
Ada Urban Arterial 22.4 202025 
Ada Urban Collector 6.7 6046 
Ada Urban Collector 8.9 90497 
Ada Urban Collector 11.2 129329 
Ada Urban Collector 12.5 8532 
Ada Urban Collector 13.4 207869 
Ada Urban Collector 14.3 4538 
Ada Urban Collector 14.8 3604 
Ada Urban Collector 15.6 96937 
Ada Urban Interstate 11.2 34479 
Ada Urban Interstate 13.4 86 
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County Setting Road Class Speed (m/s) 

Vehicle 
kilometers 
traveled 
(VKT) 

Ada Urban Interstate 15.6 5498 
Ada Urban Interstate 17.9 384 
Ada Urban Interstate 20.1 25571 
Ada Urban Interstate 22.4 630377 
Ada Urban Interstate 24.6 365955 
Ada Urban Interstate 29.1 32482 
Ada Urban Interstate 31.3 54620 
Ada Urban Residential 6.7 461580 
Ada Urban Residential 8.9 506 
Ada Urban Residential 11.2 7796 
Ada Urban Residential 13.4 8186 
Ada Urban Residential 15.6 7736 

Canyon Rural Arterial 11.2 36654 
Canyon Rural Arterial 13.4 79192 
Canyon Rural Arterial 15.6 458524 
Canyon Rural Arterial 17.9 271031 
Canyon Rural Arterial 20.1 223330 
Canyon Rural Arterial 22.4 54727 
Canyon Rural Collector 8.9 3502 
Canyon Rural Collector 11.2 15248 
Canyon Rural Collector 13.4 91027 
Canyon Rural Collector 15.6 68303 
Canyon Rural Collector 17.9 269868 
Canyon Rural Collector 20.1 52287 
Canyon Rural Interstate 11.2 27211 
Canyon Rural Interstate 22.4 318399 
Canyon Rural Interstate 24.6 251742 
Canyon Rural Interstate 26.8 184881 
Canyon Rural Interstate 29.1 61716 
Canyon Rural Residential 6.7 248516 
Canyon Rural Residential 8.9 8146 
Canyon Rural Residential 11.2 1300 
Canyon Rural Residential 13.4 10827 
Canyon Rural Residential 15.6 39833 
Canyon Rural Residential 17.9 44371 
Canyon Rural Residential 20.1 14220 
Canyon Urban Arterial 8.9 1580 
Canyon Urban Arterial 11.2 19537 
Canyon Urban Arterial 12.5 2136 
Canyon Urban Arterial 13.4 167150 
Canyon Urban Arterial 15.6 406269 
Canyon Urban Arterial 17.9 34744 
Canyon Urban Collector 8.9 18628 
Canyon Urban Collector 11.2 2593 
Canyon Urban Collector 13.4 6346 
Canyon Urban Collector 15.6 22598 
Canyon Urban Interstate 11.2 14488 
Canyon Urban Interstate 24.6 139998 
Canyon Urban Interstate 26.8 59369 
Canyon Urban Interstate 29.1 77983 
Canyon Urban Residential 6.7 84948 

 

Note that for residential roads, there is an implicit assumption that the length of the link 
and the volume of traffic on the centroid connector approximate the total travel on residential 
roads represented by the connector.  Taking Figure 5-1 as an example, the assumption implicit to 
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the emissions calculation is that the vehicle kilometers traveled on residential roads within the 
rectangle ABCD are equal to the vehicle kilometers traveled on the TDM links 1,2,3, and 4.  

5.1.1.2a PM10 and PM2.5 Correlation 

Emissions factors for PM2.5 were assumed to be a constant proportion of the PM10 
emissions factors (See section 4.1.3 for details).  For paved roads, PM10 emissions factors were 
multiplied by 0.057 to obtain PM2.5 emissions factors.  

5.1.1.3 Accounting for precipitation 

AP-42 (USEPA, 1999) does not prescribe a strategy for accounting for the reduction of 
road dust emissions due to rain. However, it is clear, both by casual observation and by analogy 
to unpaved roads, that emissions of paved road dust must be discounted to account for 
precipitation. Because TRAKER instruments are sensitive to moisture, it was not possible to 
directly measure road dust emissions during, or even shortly after a rain event. In the absence of 
a known precedence, a conservative engineering guess was applied. The engineering approach 
was based on the observation that after even a brief rain shower (corresponding to between 0..25 
mm to 0.50 mm of rain), roads remain visibly wet for approximately one hour. Moisture in the 
asphalt matrix may retard emissions even after the road “looks” dry. As a conservative approach, 
paved road dust emissions were assumed to be 0 for 30 minutes for each 0.25 mm of 
precipitation. No attempt was made to differentiate between the effects of snowfall and rainfall 
for paved roads since no supporting data are available.  

Table 5-4 shows the distribution of precipitation by month for the Treasure Valley area. 
To obtain the fraction of time paved road emissions are zero, for each month, the average daily 
precipitation is multiplied by 0.5 hours and divided by 24 hours. To obtain actual monthly 
emissions, the dry paved road emission rate is multiplied by 1-(fraction of time paved road 
emissions are zero).  For example, for January, paved road emissions would be calculated by 
multiplying the dry emission rate by 1-0.10 = 0.90.  
Table 5-4. Summary of precipitation statistics by month, Boise airport January 1940-October 2001. 

Month 
Fraction of days with 

0.25 mm or more 
precipitation 

Average daily 
precipitation (mm) 

Average daily 
precipitation when >0 

Fraction of time Paved 
Road emissions are zero 

Jan 0.38 1.17 0.12 0.10 
Feb 0.36 1.04 0.11 0.09 
Mar 0.31 1.02 0.13 0.08 
Apr 0.28 1.02 0.15 0.08 
May 0.25 1.04 0.16 0.09 
Jun 0.20 0.74 0.15 0.06 
Jul 0.08 0.23 0.11 0.02 

Aug 0.08 0.23 0.12 0.02 
Sep 0.12 0.51 0.16 0.04 
Oct 0.19 0.66 0.14 0.05 
Nov 0.34 1.14 0.13 0.09 
Dec 0.37 1.12 0.12 0.09 

Annual 0.25 0.81 0.13 0.07 

 

5.1.1.4 Winter average and annual average emissions 

Winter emissions for the year 2000 inventory were calculated based on the winter 
emissions potentials shown in Table 5-1 and Table 5-2. Precipitation data for the months of 
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January, February, and March were used to account for the effects of precipitation on road dust 
emissions. 

Yearly average emissions were calculated by applying the summer emissions potentials 
in Table 5-1 and Table 5-2 to all non-Winter (i.e. not January, February, or March) months. The 
effect of precipitation for each non-winter month was weighted by the number of days in that 
month. The average emissions per day for winter were multiplied by the number of days (90) and 
added to the average emissions per non-winter day multiplied by the number of days (275). The 
total was divided by 365 to arrive at an annual-average emissions inventory. 

5.1.2 Future year paved road emissions 

Emissions inventories for future years were calculated similarly to the year 2000.  Traffic 
Demand Model results for the years 2010, 2015, and 2020 were combined with emissions 
potentials to obtain emissions factors on a link-by-link basis.  Since no actual TRAKER data are 
available for future years, the emissions potentials for future year inventories were exclusively 
calculated by equation (5-2) and Table 5-1 and Table 5-2.  Note that the road setting 
(urban/rural) was re-evaluated for each link in the TDM for each year.  The future year 
populations for individual census tracts were calculated by summing the number of houses in 
each Traffic Analysis Zone that is contained within the tract and scaling with year 2000 
populations.  This approach assumes that the number of people per household remains constant 
between the year 2000 and all future years.  A map delineating the urban/rural zones for each of 
the TDM years modeled is shown in Figure 5-2.  For precipitation corrections, the historical 
average correction factors shown in Table 5-4 were used. 

5.1.3 Episodic paved road emissions 

In addition to the years, 2000, 2010, 2015, and 2020, daily emissions inventories were 
also assembled for January 1-9, 1991 and December 20-26, 1999.  For days without 
precipitation, winter dry paved roads emissions were used.  For days with precipitation, for each 
0.25mm 30 minutes of zero emissions were assumed.  The total number of hours of zero 
emissions for a given day was calculated, subtracted from 24, and then divided by 24 to give a 
precipitation modifier ratio.  This ratio was then multiplied by the dry paved road emissions rate 
to give the paved road emissions for that day.  

5.1.3.1 December 20 –26, 1999 

Because of the episode’s proximity to the beginning of the year 2000, year 2000 TDM results 
were used to calculate daily dry paved road emissions rates.  

5.1.3.2 January 1 – 9, 1991 

For the January 1-9, 1991 episode, the dry paved emissions were estimated from the year 
2000 Traffic Demand Model network.  The total vehicle miles traveled (VMT) in 1991 were 
estimated by regressing the year 2000, 2010, 2015, and 2020 Total VMTs (see Figure 5-3). The 
VMT for 1991 (6.77 million miles) was then divided by the VMT for 2000 (8.79 million miles) 
to arrive at a correction factor for 1991 dry paved emissions. Based on this analysis, 1991 dry 
paved emissions were 77.1% of 2000 dry paved emissions. 
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Figure 5-2. Maps of urban/rural zones for year 2000 and future year emissions potentials calculations. Urban 
areas are represented by census tracts shaded in black; tracts in rural areas are white. A census tract is 
designated as “urban” if the average population density within the tract >= 1000 per square mile.  
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Figure 5-3. VMT growth rate over time. The black diamonds are data from Traffic Demand Models for the 
years 2000, 2010, 2015, and 2020. The dashed line is an exponential fit to the black diamonds and represents 
the increase of VMT with calendar year. The black circle is an estimate of VMT for 1991 based on the fit. 
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5.1.3.2a January 1 – 9, 2000, 2010, 2015, 2020 

Meteorological conditions for the January 1 – 9, 1991 episode were used in conjunction 
with year 2000, 2010, 2015, 2020 TDM data to calculate hypothetical emissions for those years.  

5.2 Emissions inventory for unpaved roads 

Unpaved roads are generally not as well-documented as their paved counterparts. In 
particular, there is little information about the speed of travel, length, and exact location of 
unpaved roads. In the absence of this information, it is not possible to calculate separate 
emissions potentials for unpaved roads based on their attributes.  Therefore, a single dry 
emissions potential value (8.58 g/vkt/mps) representing all unpaved roads sampled with the 
TRAKER during the Treasure Valley Road Dust Study was used for assembling emissions 
inventories.  A constant speed of 11.2 mps (25 mph) was used for all unpaved roads.  In sections 
5.2.1 and 5.2.2, we describe how the activity-levels were estimated for unpaved roads in Ada and 
Canyon Counties, respectively.  Section 5.2.3 details the correction to the dry emissions rate 
based on precipitation effects.  The emissions inventory for paved roads was calculated on a link-
level basis.  Since most unpaved roads are not associated with links in the Traffic Demand 
Model network, emissions from unpaved roads were distributed over the network links as a 
means of “spreading them out” over the Treasure Valley.  The procedure used for this approach 
is described in section 5.2.4. 

5.2.1 Accounting for unpaved roads in Ada County 

A list of unpaved roads in Ada County, including their lengths, estimated vehicle speed, 
and estimated VKT was provided by COMPASS.  The roads were also characterized as either 
rural or urban.  
Table 5-5. Unpaved Roads in Ada County. Numbers in bold are estimated. 

County Urban/Rural km VKT Ave_Speed m/s 
Ada Urban 116 16,712 11.2 
Ada Rural 26.1 1,896 11.2 

5.2.2 Accounting for unpaved roads in Canyon County 

In addition to having two major urban areas, Nampa and Caldwell, Canyon County also 
has several small population centers that in turn have unpaved roads associated with them. 
Accounting of unpaved roads in Canyon County involved using surrogates to estimate road 
lengths and VMT’s for urban and rural areas as well as estimating unpaved road lengths and 
VMT’s for small townships. 

Estimates of rural and urban unpaved roads for Canyon County were based on data from 
Ada County.  1997 population was used as a surrogate to estimate Canyon County roads. The 
number of miles per population was calculated for both urban and rural areas of Ada County (see 
Table 5-6). It was assumed that the lengths of unpaved roads per population in urban and rural 
areas were the same for Ada and Canyon Counties.  The resulting estimates of vehicle kilometers 
traveled are shown in Table 5-6.  Data for Ada County are based on unpaved roads listing 
provided by COMPASS.  For Canyon County unpaved road lengths per unit population were 
assumed to be the same as for Ada County.  Total urban and rural lengths for Canyon County 
were calculated based on population.  The numbers in bold italics correspond to estimated 
values. 
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Table 5-6. Unpaved Roads in km for urban and rural areas of Ada and Canyon Counties.  

County Setting Unpaved Roads 
in km 

Population in 
thousands 

Km of Unpaved 
Road per 1000 

people 
Ada Rural 26.1 64.8 0.40 
Ada Urban 116 201 0.58 

Canyon Rural 20.7 51.4 0.40a 
Canyon Urban 33.4 57.9 0.58a 

a Canyon County estimates of unpaved road length per population are based on Ada County data. 

Table 5-7. Vehicle Kilometers Traveled on unpaved Roads in rural and urban portions of Canyon County. 
Numbers in bold are estimates. 

County Urban/Rural Km ADT VKT Ave_Speed mps 
Canyon Urban 33.4 120 4,004 11.2 
Canyon Rural 20.7 120 2,488 11.2 

In addition to the two broad categories, “rural” and “urban”, there were unpaved roads in Canyon 
County that were associated with small rural townships.  A list of those is provided in Table 5-8. 
Data were only available for the Goldengate Highway District which covers the Wilder and 
Greenleaf townships. Based on the total km of roads inventoried in the Goldengate townships 
(51.3) and the populations of Greanleaf and Wilder (1880), a length of unpaved road per unit 
population was calculated to be (82.5 km/ 1880) = 0.044 km/person.  This ratio was used to 
estimate the lengths of unpaved roads associated with the townships shown in Table 5-8. 
Average daily traffic (ADT) was conservatively estimated as 20 vehicles per day. 
Table 5-8. Estimates of km of unpaved roads, average daily traffic, and vehicle speeds for small townships in 
Canyon County. Numbers in bold are estimates. 

Township 1997 Population Unpaved roads 
(km) 

Average Daily 
Traffic 

Vehicle 
kilometers 
traveled 

Speed (m/s) 

Wilder 1232 55 20 1083 11.2 
Greeanleaf 648 29 20 570 11.2 

Notus 380 16 20 334 11.2 
Parma 1597 71 20 1404 11.2 

Middleton 1851 82 20 1627 11.2 
Melba 252 11 20 221 11.2 

5.2.3 Accounting for precipitation effects on unpaved road dust emissions 

The effect of meteorology on unpaved road emissions was considered in terms of ground 
snow cover and precipitation. On days when there was snow cover on the ground, unpaved road 
emissions were set to zero. On days when precipitation was observed, the emissions potential for 
dry unpaved roads was multiplied by 0.079 to obtain emissions. For days immediately after a day 
when precipitation was observed, the dry emissions potential was multiplied by 0.35 in order to 
arrive at the emissions potential for that day. This treatment of precipitation followed directly 
from the results of the TRAKER loop data that were summarized in Chapter 5. The loop data 
showed that when the ground was wet, emissions were 7.9% of their dry value. The day after a 
precipitation event, emissions were still only 35% of their dry values. The average year, based on 
historical data between 1940 and 2000, contains 13.2 days where snow cover is present. For the 
purposes of emissions inventories, it was assumed that all these days occur during the winter. 
79.6 days per year contain measurable precipitation while there is no snow cover present on the 
ground. On 10.6 days out of the year, both precipitation and snow cover are observed. The 
breakdown of the various conditions is shown in Table 5-9. 
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Table 5-9 Precipitation and snow cover summary based on data from Boise airport (1940-2000) 

Month Days in 
Month 

Fraction of all 
days with 

precipitation 
0.25 mm or 

greater 

Number of 
Days with 

0.25 mm or 
more 

precipitation 

Number of Days 
with snow cover 
present but no 
measurable 
precipitation 

Number of Days 
with snow cover 

present and 
measurable 
precipitation 

Modified 
number of Days 

with 
precipitation 

excluding days 
when both 

precipitation and 
snow cover are 

observed 

Modified Fraction 
of all days with 

precipitation 

Jan 31 0.13 11.78 4.54 3.65 7.82 0.10 
Feb 28.25 0.11 10.17 4.14 3.32 6.75 0.09 
Mar 31 0.11 9.61 4.54 3.65 6.38 0.08 
Apr 30 0.09 8.4 0 0 8.40 0.11 
May 31 0.09 7.75 0 0 7.75 0.10 
Jun 30 0.07 6 0 0 6.00 0.08 
Jul 31 0.03 2.48 0 0 2.48 0.03 
Aug 31 0.03 2.48 0 0 2.48 0.03 
Sep 30 0.04 3.6 0 0 3.60 0.05 
Oct 31 0.07 5.89 0 0 5.89 0.07 
Nov 30 0.11 10.2 0 0 10.20 0.13 
Dec 31 0.13 11.47 0 0 11.47 0.14 

The precipitation persistence history for the Treasure Valley was used to estimate the 
number of precipitation days and the number of “Day After Precipitation” Days (see Table 5-10). 
To calculate the annual reduction due to consecutive precipitation days, an effective emissions 
modifier was calculated as: 

 

Frequency of occurrence ?  {(# precip days ?  0.079) + 1? 0.35}/(# precip days+1) 

 

Annual basis reduction in emissions was distributed among the months according to the 
number of days of precipitation in each month.  Table 5-11 contains the final multipliers for 
calculating Winter and annual emissions from dry unpaved emissions potentials.  

 
Table 5-10. Summary of precipitation persistence (consecutive days). 

Consecutive days 
with precipitation 

Number of 
occurrences 
(1940-2001) 

Total 
Days 

Occurrences   per 
year 

Days per 
year 

16 1 16 0.02 0.26 
15 1 15 0.02 0.24 
13 1 13 0.02 0.21 
12 2 24 0.03 0.39 
11 2 22 0.03 0.36 
10 1 10 0.02 0.16 
9 4 36 0.06 0.58 
8 12 96 0.19 1.55 
7 22 154 0.36 2.49 
6 34 204 0.55 3.30 
5 85 425 1.37 6.87 
4 163 652 2.63 10.53 
3 310 930 5.01 15.03 
2 742 1484 11.99 23.98 
1 1474 1474 23.82 23.82 
0 17049 17049 275.47 275.47 
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Table 5-11.  Table of modifiers for snow cover and precipitation 

Month 
Fractional 

discount due 
to snow 

Fractional 
discount due 

to 
precipitation 

effects 

Total 
fractional 
discount 

Dry emissions 
multiplier 

Jan 0.118 0.120 0.237 0.763 
Feb 0.118 0.113 0.231 0.769 
Mar 0.118 0.098 0.215 0.785 
Apr 0.000 0.133 0.133 0.867 
May 0.000 0.119 0.119 0.881 
Jun 0.000 0.095 0.095 0.905 
Jul 0.000 0.038 0.038 0.962 
Aug 0.000 0.038 0.038 0.962 
Sep 0.000 0.057 0.057 0.943 
Oct 0.000 0.090 0.090 0.910 
Nov 0.000 0.161 0.161 0.839 
Dec 0.000 0.176 0.176 0.824 

For the Jan 1-9, 1991 episodes and the December 20-26, 1999 episodes unpaved road 
emissions were calculated based on daily precipitation for those days.  There was 180 to 200 mm 
of snow cover for the entire January 1-9, 1991 period.  In addition trace amounts of snowfall 
were recorder for 1/3/91, 1/5/91, 1/8/91, and 1/9/91, and 30 mm of snowfall was recorder for 
1/7/91.  Based on the snow cover, unpaved road emissions were zero for the entire January 1-9, 
1991 episode.  There was no snow cover present for any of the days December 20-26, 1999.  
Traces of precipitation were reported for two hours on 12/24/99 at the Boise airport.  Traces of 
precipitation were reported for 11 hours on 12/25/99 and 10 hours on 12/26/99.  12/25/99 and 
12/26/99 were treated as precipitation days, while 12/24/99 was treated as a “Day after 
precipitation” day. 

5.2.4 Attribution of unpaved road dust to links in existing Traffic Demand Model 
network 

Unpaved road locations were not available in electronic format for either Ada or Canyon 
Counties.  The emissions from unpaved roads were distributed over the Traffic Demand Model 
network by County and by setting (urban vs. rural).  Centroid connectors, interstates, and local 
roads were assigned zero unpaved road dust emissions.  For the remainder of the links -
collectors, minor arterials, and principal arterials- for each county and setting, the unpaved road 
emissions were attributed equally to the links based on the length of the link.  For example, rural 
Ada unpaved emissions were attributed to the links in rural Ada County (not including centroid 
connectors, interstates, and locals).  If link “A” was twice a s long as link “B”, then the unpaved 
road dust emissions attributed to link “A” were twice as high as those attributed to link “B”.  
This method is clearly only an approximation of the spatial distribution of unpaved road 
emissions.  

For the small townships shown in Table 5-8, all unpaved road dust emissions associated 
with the township were attributed to the link in the Traffic Demand Model that was physically 
closest to the township.  

5.3 Results of road dust emissions inventories 

Paved and unpaved road dust emissions inventories were assembled for winter conditions 
and annual average conditions for the years 2000, 2010, 2015, and 2020. Daily episode-specific 
inventories were also assembled for January 1 – 9, 1991 and December 20 – 26, 1999.  All the 
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complete link-level emissions inventories are presented in an electronic format described in an 
appendix to this report.  In this section, we summarize the characteristics of the emissions 
inventories and compare them to both prior work, and emissions calculated using the AP-42 silt 
loading method. 

5.3.1 Paved Roads 

Table 5-12 shows the paved road dust emissions on an average winter day and average 
annual emissions for year 2000 as well as for future years. Average winter emissions (81.2 tons 
per day) for the year 2000 are 31% higher than average annual emissions (62.0 tons per day). On 
an annual average basis, 46.4 tons per day originate from Ada County, accounting for 
approximately 75% of the paved road dust emissions in the Treasure Valley. Annual average 
emissions increase in future years over year 2000 emissions by 26%, 42%, and 58% for the years 
2010, 2015, and 2020, respectively.  Table 5-13 shows that the majority of emissions emanate 
from roads classified as arterials (57.9% of total on annual average basis). Collectors, interstates 
and locals each contribute 11.8%, 19.0% and 11.3% of the total paved road emissions, 
respectively. 
Table 5-12. Year 2000, 2010, 2015, and 2020 paved road dust emissions by County and Setting 

Year County Setting 

Average Winter Day 
Paved Road Dust 

Emissions 
(metric tons/day) 

Annual Average Daily 
Paved Road Dust 
Emissions (Metric 

tons/day) 
2000 Ada Rural 21.7 16.5 
2000 Ada Urban 42.2 30.0 
2000 Canyon Rural 11.0 10.1 
2000 Canyon Urban 6.2 5.5 
2000 Ada All 64.0 46.4 
2000 Canyon All 17.2 15.6 
2000 Ada & Canyon All 81.2 62.0 
2010 Ada Rural 22.1 16.8 
2010 Ada Urban 58.3 41.8 
2010 Canyon Rural 14.4 13.1 
2010 Canyon Urban 7.2 6.6 
2010 Ada All 80.4 58.6 
2010 Canyon All 21.6 19.7 
2010 Ada & Canyon All 102.0 78.2 
2015 Ada Rural 17.1 13.0 
2015 Ada Urban 74.5 53.4 
2015 Canyon Rural 16.1 14.6 
2015 Canyon Urban 8.0 7.3 
2015 Ada All 91.6 66.4 
2015 Canyon All 24.1 21.9 
2015 Ada & Canyon All 115.7 88.3 
2020 Ada Rural 19.1 14.6 
2020 Ada Urban 82.0 58.7 
2020 Canyon Rural 18.1 16.6 
2020 Canyon Urban 9.0 8.3 
2020 Ada All 101.1 73.3 
2020 Canyon All 27.2 24.8 
2020 Ada & Canyon All 128.3 98.2 

The distributions of paved road dust emissions are shown in Figure 5-4. Emissions from 
individual links have been normalized with the length of the link. Dark lines indicate higher per 
kilometer of road emissions than light colored lines. The figure shows that the large sources of 
paved road dust are concentrated in the urban parts of Ada and Canyon Counties as well as the 
interstates.  
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Table 5-13.  Year 2000 Paved Road Dust Emissions by Road Class 

Road Class 

Average 
Winter Day 
Paved Road 

Dust 
Emissions 

(metric 
tons/day) 

Road Class 
percent of Winter 

Emissions 

Annual 
Average Daily 
Paved Road 

Dust 
Emissions 
(Metric 

tons/day) 

Road Class 
percent of Annual 

Emissions 

Arterial 48.0 59.1 35.9 57.9 
Collector 9.2 11.3 7.3 11.8 
Interstate 16.5 20.4 11.8 19.0 

Local/Residential 7.5 9.2 7.0 11.3 

 

 

 
Figure 5-4. Map of distributions of road dust emissions. Emissions per link have been normalized with the 
length of the link. The units of the numbers in the legend are grams per day per km of link. Darker lines 
correspond to links with higher emissions on a per kilometer basis. 

5.3.2 Unpaved Roads 

Unpaved Road Emissions For the Treasure Valley are summarized in Table 5-14. Note 
that actual emissions were assumed to be constant between the years 2000 and 2020. However, 
in distributing the emissions to the Traffic Demand Model links (see section 5.2.4 for 
clarification), the respective TDM network associated with each year was used. Effectively, this 
moves emissions from the links that exist in the TDM for the year 2000 to the new links in the 
network for the years 2010, 2015, and 2020. An example of the unpaved road dust emissions 
distribution is shown in Figure 5-5.   
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Table 5-14. Distributions of average winter day and average annual-basis day unpaved road emissions in the 
Treasure Valley for years 2000-2020. 

County Urban/Rural Km  of Unpaved 
Roads 

Daily Dry Emissions 
(metric tons/day) 

Average Winter Day 
(metric tons /day) 

Average Day on 
Annual Basis (metric 

tons/day) 
Ada Urban 116 1.60 1.24 1.39 
Ada Rural 26 0.18 0.14 0.16 
Canyon Urban 33 1.78 1.38 1.55 
Canyon Rural 21 0.38 0.30 0.33 
Canyon Wilder 54 0.24 0.18 0.21 
Canyon Greeanleaf 28 0.62 0.48 0.54 
Canyon Notus 17 0.10 0.08 0.09 
Canyon Parma 70 0.05 0.04 0.05 
Canyon Middleton 81 0.03 0.02 0.03 
Canyon Melba 11 0.13 0.10 0.12 
Canyon All townships 262 0.16 0.12 0.14 

Canyon Urban & Rural not 
including townships 54 0.02 0.02 0.02 

Ada All unpaved 
emissions 142 

0.50 0.39 0.44 

Canyon All unpaved 
Emissions 316 

1.13 0.87 0.98 

Ada & Canyon All unpaved 
Emissions 458 

2.91 2.25 2.53 

 

 
Figure 5-5. Map of distributions of unpaved road dust emissions. Emissions per link have been normalized 
with the length of the link. The units of the numbers in the legend are grams per day per km of link. Darker 
lines correspond to links with higher emissions on a per kilometer basis. The thick black spots in Canyon 
County correspond to the rural townships. 
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5.3.3 Comparisons of Road dust emissions with prior work and silt loading 

Table 5-15 shows an inter-comparison of paved road dust emissions estimation methods.  
In addition to the TRAKER method, four silt loading methods also appear in the table, two from 
the current study, and two that are based on previous work performed by SAI (1997).  The 
emissions estimates using silt loading from the current study are labeled TVRDS SL1 and 
TVRDS SL2. In calculating TVRDS SL1 emissions, the silt loadings reported in Table 3-7 are 
used for arterial, collector, and local roads.  Since road vacuuming was not performed on 
freeways, no on-site silt loading data were available for interstates.  The EPA AP-42 suggested 
default value of 0.02 g/m2 was used for interstates.  Equation 3-3 was used to calculate the 
emissions factors for the different road types based on the silt loading values. Actual emissions 
were calculated by applying VMT data from the year 2000 Traffic Demand Model results.  The 
TVRDS SL2 method differs from the TVRDS SL1 method only in the value used for silt 
loadings on freeways.  In TVRDS SL2, freeway silt loadings are assumed to be the same as for 
arterials, 1.9 g/m2 for winter conditions and 0.5 g/m2 for the remainder of the year (non-winter).  
The use of these silt loadings in place of the default AP-42 values is probably more realistic 
since based on TRAKER measurements, it was observed that emissions factors from freeways 
were similar to those from arterial roads (see Table 5-5, bottom four entries). 

SAI (1997) prepared an emissions inventory for paved and unpaved roads using the silt 
loading method. The results of that inventory appear in Table 5-15. Since the inventory was 
assembled in 1997, year 2000 traffic information was not available and SAI had to project future 
VMT. The entry in Table 5-15 entitled “SAI 2000 Equivalent” uses the same silt loading values 
that SAI used in the original emissions inventory. However, actual year 2000 Traffic Demand 
Model results were used to estimate vkt. 
Table 5-15. Inter-comparison of emissions inventory methods for average winter day and average annual 
paved road dust emissions for the year 2000 in the Treasure Valley.  

Inventory Method Average Winter Day Paved Road 
Emissions (metric tons/day) 

Average Day emissions on 
annual basis (metric tons/day) 

TVRDS TRAKER 81.2 62.0 
TVRDS SL1 (Interstates SL=0.02 g/m2) 58.1 31.3 
TVRDS SL2 (Interstates Winter SL =1.9 
g/m2, Non-winter SL=0.5 g/m2) 75.3 40.6 

SAI (1995) 32.2 28.1 
SAI 2000 Equivalent With Year 2000 
TDM Data 35.4 31.2 

TVRDS TRAKER = current study using TRAKER 
TVRDS SL1 = current study using local silt data with assumption that interstate silt loading is equal to default EPA value of 0.02 g/m2 
TVRDS SL2 = current study using local silt data with assumption that interstate silt loading is same as for arterials with a value of 1.9 g/m2 for 
winter and 0.5 g/m2 for non-winter days 
SAI (1995) = emissions reported in SAI emissions inventory 
SAI-2000 Equivalent = Uses same silt loading assumptions as SAI inventory, but actual Traffic Demand Model network for the year 2000 instead 
of projection. 

 

For average winter day, paved road dust emissions using the TRAKER method are 2.3 
times those from the SAI 2000 Equivalent method (81.2 vs. 35.4 metric tons per day). The 
TRAKER method gives 1.4 times higher emissions compared to the AP-42 method using on-site 
silt loadings (TVRDS SL1). However, using the more realistic silt loadings for interstates 
(TVRDS SL2), the TRAKER-based emissions of 81.2 tons per day and the AP-42-based 
emissions of 76.3 tons per day only differ by 8%.  
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Taken on an average annual basis, TRAKER-based emissions result in approximately 
twice the the silt-based emissions using the TVRDS SL1, SAI, and SAI 2000 Equivalent 
methods. Compared to TVRDS SL2, TRAKER-based emissions are approximately 50% higher.  

It is interesting to note that the SAI and SAI 2000 emissions inventories show a modest 
difference (~ 12%) between average winter day and average annual emissions. In contrast, 
TRAKER based measurements show that winter emissions are 31% higher than the annual 
average. The AP-42-based measurements using on-site silt loadings (TVRDS) both indicate that 
winter emissions are 85% higher than the annual average. SAI did not have on-site data available 
for assembling their emissions inventory; this may be the source of the differences between 
trends observed in that study and those observed in the Treasure Valley Road Dust Study.  

A comparison of unpaved road emissions inventories using the TRAKER and those 
assembled by SAI (1997) is shown in Table 5-16. The emissions estimates from the two studies 
are very similar for both average winter day emissions and for daily emissions on an annual 
basis.  
Table 5-16. Comparison of unpaved road dust emissions estimates between the TRAKER method used in the 
present study and the SAI emissions inventory (1997). 

Emissions Inventory Average Winter Day Unpaved 
Road Emissions (metric tons/day) 

Average Day emissions on 
annual basis (metric tons/day) 

TRAKER 2.3 2.5 
SAI (1995) 2.4 2.8 
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6. MODIFICATIONS OF ROAD DUST EMISSIONS INVENTORIES FOR 
DISPERSION MODELS 

The discrepancy between fugitive dust emissions inventories and the relative contribution 
of fugitive dust to ambient PM10 concentrations is well-documented (Watson and Chow, 2000; 
Countess, 2001).  In particular, dispersion models that use fugitive dust emissions estimates as 
input generally overstate the fraction of dust in ambient PM10 samples.  The principal reason for 
this discrepancy is that a significant amount of dust is removed from the atmosphere within a few 
hundred meters of the source.  Since most regional scale air quality models employ grid 
resolutions on the order of 1 km or greater, much of the short range dust removal is “missed” by 
the models.  Thus, there exists a physical disconnect between the near-field emissions 
measurements used to assemble inventories and the PM10 dust inputs used in the air quality 
models.   

In this section, we employ a simple dispersion model that accounts for near-field 
deposition of particles with aerodynamic diameter less than 10 ? m.  The purpose of this exercise 
is to obtain an estimate of the fractional reduction in PM10 that is due to deposition of particles 
over the first several hundred meters after emission.  This aspect of fugitive dust research has 
received much attention in recent years and efforts are underway to refine modeling techniques to 
account for this effect (e.g. the box model proposed by Gillette and described in Countess, 2001). 

6.1 Methods 

The one-dimensional, time-dependent atmospheric transport equation (e.g. Seinfeld, 1986) 
was solved numerically for both neutral and stable atmospheric conditions.  Invoking the K-theory 
simplification, the full equation is: 
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where c is the concentration of the species of interest, u is the velocity in the x-direction, Kii are 
the turbulent diffusivities in the x, y, and z directions, Si and So are the sources and sinks.  The 
one dimensional form of Eq. 6-1 is independent of the velocity u: 
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where Vd , the deposition velocity is the source/sink term. 

The numerical grid consisted of 41 nodes ranging from z = 0 m to z = 250 m. There were 
8 nodes within the first meter AGL, 19 nodes within 5 m AGL, 26 nodes within 25 m AGL, 33 
nodes within 100 m AGL, and 8 nodes between 100 and 250 m AGL. Figure 6-1 shows a 
schematic of the numerical grid. 
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Figure 6-1.  Schematic of one-dimensional numerical grid.  Concentrations are evaluated 
between nodes while the remaining parameters are evaluated at the nodes. 

Euler’s approach was used to step Eq. 7-2 forward in time.  For example, at time t+1, the 
concentration in the second grid cell, C2,t+1 was calculated as: 
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are approximations to the derivative, zc ?? .  

The turbulent dispersion parameter Kzz was determined based on the atmospheric stability.  
For neutral conditions (Seinfeld, 1986 after Myrup and Panzieri, 1976), 
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where ?  is the von Karman constant and is equal to 0.4, zi is the mixed layer height assumed to be 
200 m for wintertime conditions, and u* is the friction velocity, which can be calculated by the 
boundary layer equation 
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where u(zref) is the wind speed at height zref, and z0
* is the roughness length for the surface. For 

the purposes of illustration, the wind speed was assumed to be 1 m/s at a height of 10 m, and z0
* 

was assumed to be 0.01 m. This roughness height corresponds approximately to a surface that is 
covered with lawn (Seinfeld, 1986; after McRae et al., 1982).  Use of Eq (6-4) gives a value of 
0.058 m/s for u*. 

For stable atmospheric conditions,  
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where L is the Monin-Obukhov length scale and f is a correction term for the coriolis force. L was 
assumed to be 10 m indicating stable to very stable conditions.  The coriolis correction, f, was 
assumed to be equal to unity since the modeling domain only extends to the modest height of 250 
m AGL. 

The total deposition velocity Vd was assumed to be equal to the sum of two components,  

isd VVV ??           (6-6) 

where Vs is the stokes settling velocity and Vi is the removal rate of particles due to impaction on 
surfaces. The Stokes settling velocity is given by 
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Where Dp is the diameter of the particle in m, ? p is the density of the particle (1000 kg/m3), g is 
the gravitational constant (9.81 m/s2), and ?  is the viscosity of air (1.7? 10-5 Kg?m/s at 20 ?C). 

The impaction deposition velocity, Vi was estimated from experimental curves (Seinfeld, 1986; 
after McMahan and Denison, 1979).  The impaction velocity was only applied to the first 20 cm 
AGL of the modeling domain since in the absence of surfaces, impaction does not occur.  The 
values used in the model are shown in Table 6-1.  At heights above 20 cm, the deposition velocity 
was simply equal to the Stokes settling velocity, Vs.  Note that deposition, either by impaction or 
by gravitational settling is negligible for particles with diameters less than 1.4 ? m and that the 
model was not run for those small particle sizes.   
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Table 6-1. Aerodynamic particle sizes simulated and corresponding removal rates due to 
impaction 

Aerodynamic Diameter (? m) Removal rate due to 
impaction, Vi (m/s) 

9.78 0.1 
7.21 0.1 
5.59 0.08 
3.95 0.07 
2.88 0.02 
2.04 0.02 

1.44 and less 0 

For the initial condition (t=0), the concentration of particles was assumed to be uniform 
over the first 2 m AGL and zero for the remainder of the domain.  The top boundary condition 
was that dc/dz was zero at z=240 m. The initial conditions were marched forward in time to t= 
500 seconds in increments of 50 ms for the first 2.5 seconds, followed by 100 ms for the next 17 
seconds, followed by 200 ms thereafter.  This slow ramping of the time steps allows for 
minimization of numerical errors when spatial gradients are large due to the initial conditions.  

6.2 Results 

The results of the numerical simulation are shown for all the particle sizes examined in 
Table 6-2 and Table 6-3 under neutral and stable conditions, respectively.  The tables report the 
fraction of a particle size that remains suspended after the initial emissions at t=15, 30, 60, 120, 
240, and 500 seconds.  The tables show that under both neutral and stable conditions, very little 
removal by deposition occurs for 1.44 ? m particles within the time frame examined.  In contrast, 
for the largest particles examined under neutral conditions (9.87 ? m) only 72% of the original 
emission remains in suspension after 30 seconds and only 36% remains after 500 s.  Figure 6-2 
shows a time series of 7.21 ? m particles remaining in suspension.  The figure shows that the 
particles are removed quickly within the first 200 seconds and then continue to fall out at a lesser 
rate.  The particle removal rates are approximately the same for both neutral and stable conditions 
during the first 30 seconds.  Thereafter, the curves for the two atmospheric conditions deviate 
from one another and removal rates are noticeably higher under stable conditions.  Figure 6-3 
shows the time series progression of the vertical profiles of concentration for 7.21 ? m particles.  
Under neutral conditions, particles disperse vertically more quickly than under stable conditions.  
Effectively, this makes particles less available for removal by deposition near the ground under 
neutral conditions than under stable conditions. 

The fraction of particles remaining in suspension shown in Table 6-2 and Table 6-3 can be 
applied to the entire size distribution of particles emitted by a particular source.  The size 
distribution of road dust for the TVRDS at the point of emissions was discussed earlier in section 
4.1.  That size distribution has been used to estimate the fraction of PM10 mass (mass 
concentration of all particles with aerodynamic diameter less than 10 ? m) that remains suspended 
and the results are shown in Figure 6-4.  According to the model results, under neutral conditions, 
PM10 is depleted by approximately 25% just 30 seconds downwind of the point of emissions and 
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approximately 55% 500 seconds downwind.  PM10 depletion is slightly more pronounced under 
stable conditions.  

Table 6-2. Fraction of particles remaining under neutral atmospheric conditions 

Dp (? m) 15 s 30 s 60 s 120 s 250 s 500 s 
1.44 100% 100% 100% 100% 99% 99% 
2.04 90% 84% 76% 68% 61% 54% 
2.88 90% 84% 76% 68% 60% 53% 
3.95 83% 76% 67% 59% 51% 44% 
5.59 82% 75% 66% 57% 49% 42% 
7.21 82% 74% 65% 56% 48% 40% 
9.87 80% 72% 62% 52% 43% 36% 

 

Table 6-3. Fraction of particles remaining under stable atmospheric conditions 

Dp (? m) 15 s 30 s 60 s 120 s 250 s 500 s 
1.44 100% 100% 100% 100% 99% 99% 
2.04 90% 84% 76% 66% 55% 45% 
2.88 90% 84% 76% 66% 55% 45% 
3.95 83% 76% 67% 56% 46% 36% 
5.59 82% 75% 66% 55% 44% 34% 
7.21 81% 74% 64% 52% 41% 31% 
9.87 81% 72% 61% 49% 37% 26% 
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Figure 6-2. Fraction of 7.21 ? m particles that remain in suspension vs. time from emission 
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b.  

Figure 6-3. Time series of concentration with height for a. neutral conditions and b. stable 
conditions. 
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Figure 6-4. Fraction of PM10 remaining in suspension vs. time after emission. The size 
distribution at the point of emission is given in section 4.1. 
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6.3 Discussion 

The depletion of PM10 in the proximity of the emissions source has important implications 
for the use of road dust emissions in air quality models.  PM10 dust emissions used to estimate 
emissions factors are measured within 5 to 50 m of a road.  Emissions calculated based on those 
factors do not account for the depletion of PM 10 as the plume travels further downwind.  Many of 
the frequently used urban and regional scale air quality models assume that ground level emissions 
are initially uniformly mixed over a certain height, typically the distance from the ground to the 
first node in the numerical grid (20 – 40 m).  This assumption does not adequately allow for the 
removal by deposition of the larger particles in the PM10 size range.  Consequently, air quality 
models that use road dust emissions as input without accommodation for near-source removal of 
particles will likely overestimate the ambient concentrations of road dust PM10.  

Table 6-4 shows how changes in the parameters used in the model can affect the fraction 
of PM10 that remains suspended after 60 seconds.  The model is sensitive to some of the 
parameter values and fairly insensitive to others.  For example, varying the roughness length under 
neutral conditions over several orders of magnitude has only a modest effect on the fraction of 
particles remaining in suspension.  On the other hand, the value used for deposition rate due to 
impaction can have substantial consequences.  If impaction is not accounted for at all (Vi = 0) and 
particles were only allowed to deposit by gravitational settling, then the fraction that remains in 
suspension is 95%, considerably higher than the 65% achieved with the model assumptions here. 
Another important parameter is the assumption for the initial distribution of particles in the 
vertical direction.  A factor of two increase or decrease in the initial pulse height can vary the 
fraction remaining between 45% and 80%. 

Table 6-4. The effects of perturbation of model inputs on fraction of particles remaining in 
suspension at t = 60 seconds. 

Parameter Stability Baseline value 
Baseline 
fraction 

remaining 
Perturbed value Fraction 

remaining 

z0, u* Neutral 0.01 m, 0.058 m/s 65% 1 m, 0.17 m/s 60% 
z0, u* Neutral 0.01 m, 0.058 m/s 65% 0.1 m, 0.087 m/s 62% 
z0, u* Neutral 0.01 m, 0.058 m/s 65% 0.001 m, 0.043 m/s 67% 

Vi Neutral 0.08 m/s 65% 0.16 m/s 63% 
Vi Neutral 0.08 m/s 65% 0.04 m/s 68% 
Vi Neutral 0.08 m/s 65% 0 m/s 95% 
L Stable 10 m 64% 1 m 70% 
L Stable 10 m 64% 1000 m 64% 

Initial distribution Neutral 0-2 m 65% 0-4 m 80% 
Initial distribution Neutral 0-2 m 65% 0-1 m 46% 

Zi Neutral 200 m 65% 400 m 65% 
Zi Neutral 200 m 65% 100 m 65% 

The model presented here is useful for demonstration of the behavior of road dust 
emissions near the point of origin.  However, several simplifying assumptions have been made in 
the formulation of this model and many of the parameters only represent approximations.  In 
future work, and in keeping with the suggestions of both Watson and Chow (2000) and Countess 
(2001), it is important to better estimate the conditions under which emissions from roads are 
transported.  Most notably, better field measurements of the impaction term Vi and the initial 
plume distribution should be obtained under neutral and stable atmospheric conditions.  
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Furthermore, the vertical profile of the dust plume downwind of the source should be measured 
and documented to allow for comparison with model estimates such as those shown in Figure 6-3. 
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7. SOURCE MEASUREMENTS 

Source apportionment requires information about the chemical and physical characteristics 
of the emissions that are likely to affect pollutant concentrations at a receptor.  For the Chemical 
Mass Balance (CMB) receptor model (Watson et al., 1994), the required information is the 
fractional composition of each chemical species in the source emissions and an estimate of the 
variability of those compositions.  This section describes the source profiles that were measured in 
the Treasure Valley Road Dust Study. 

7.1 Source Types and Characterization Methods 

The potential source types that contribute to PM10 in the Treasure Valley study region are:  
1) fugitive dust from paved and unpaved roads, road salt applied to paved roads during winter, 
construction, and sand and gravel operations (all termed “geological material”); 2) motor vehicle 
exhaust from passenger cars, buses, and trucks; 3) soot from residential wood combustion; 4) 
secondary aerosols (i.e., ammonium nitrate and ammonium sulfate particles that form from 
gaseous ammonia, oxides of nitrogen, and sulfur dioxide emissions); 5) boiler emissions from 
heavy oil or coal combustion for power and heat generation; and 6) other miscellaneous industrial 
source emissions. 

There are many source sub-types within some of these categories that cannot be 
distinguished by commonly measured chemical species.  The source contribution from each 
category is a composite of these different sub-types, and the derived profile must represent this 
mixture.  For example, with currently measured chemical species, it is not possible to distinguish 
contributions from resuspended unpaved road dust, windblown dust, and construction dust from 
each other.  These sources are therefore grouped together into a source type known as geological 
material. 

A number of methods have evolved over the past decade to extract samples from sources 
that have chemical and physical properties similar to those found at a receptor.  Several of these 
methods are described in detail by Gordon et al. (1981), Chow et al. (1986), and Houck (1991), 
and the methods selected for this study were described by Chow et al. (1994a) .  In each of these 
methods, emitted particles are collected on filters through size-selective inlets and chemically 
analyzed for a variety of chemical species. 

For the TVRDS, 16 road soil samples were collected at several locations in the Treasure 
Valley using the following methods: 

? ? Sweeping or scooping a surface layer of soil, paved road dust, and unpaved road dust 
using an electric vacuum or broom.  Broom samples were collected in plastic Ziploc 
bags.  Vacuum samples were collected in the vacuum bag which were sealed with 
packing tape and placed in Ziploc bags. 
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? ? Sieving each sample to obtain a suspendable fraction (< 38 µm geometric diameter), 
injecting this fraction into an enclosed chamber, and sampling onto Teflon-membrane 
and quartz-fiber filters through PM10 and PM2.5 impactor inlets (Chow et al., 1994a). 

In the laboratory, the soil samples were air-dried in a low-relative-humidity (approximately 
20% to 30%) environment and sieved through a Tyler 400-mesh screen (< 38 ? m geometric 
diameter) prior to resuspension in the laboratory chamber following the procedures described by 
Chow et al. (1994a). 

Filter samples were drawn through PM10 and PM2.5 inlets.  Most of the mass of geological 
material is in the coarse particle portion of PM10 (Houck et al., 1989a), and similar compositions 
were found for the PM2.5 and PM10 geological profiles (Chow and Watson, 1994b). 

Two additional samples were collected during the winter sampling period on board the 
TRAKER vehicle.  Particles suspended from the road surface behind a moving tire were sampled 
through a tube into a plenum.  A portion of the sample stream was drawn through a filter pack 
preceded by impactors with aerodynamic size cuts of either 10 ? m or 2.5 ? m.  These filters were 
analyzed directly for mass and chemical speciation. 

All source profile samples were weighed and chemically characterized at the Desert 
Research Institutes Environmental Analysis Facility in Reno, Nevada.  Samples were analyzed 
using Ion Chromatography (IC) for major ions, Automated Colorimetry (AC) for ammonium, X-
Ray Fluorescence (XRF) for elements, and Thermal Optical Reflectance (TOR) for organic and 
elemental carbon. Table 7-1 lists all the chemical species analyzed and their corresponding 
mnemonics.  

Coarse particle Al, Si, P, Cl, K, and Ca values determined by XRF were originally 
adjusted for large particle self-absorption using the theoretical formulation developed by Dzubay 
(1975).  This adjustment is a function of particle size distribution and composition.  Since the 
actual particle size distribution and composition is unknown, the uncertainty of these adjustments 
is up to ± 25%, and is reflected in the reported uncertainty.  Particle size effects for Na and Mg 
are so large and variable that we cannot make accurate corrections for these two elements.  Their 
raw, uncorrected concentrations are included in the data files, but they should not be considered 
quantitative for fine or coarse samples. 

A standard quality assurance test for speciated aerosol samples is to compare the 
reconstructed mass to the measured mass.  Reconstructed mass should be less than or equal to the 
measured gravimetric mass within the limits of analytical uncertainties.  Typical ratios of 
reconstructed mass to measured mass for PM10 range from 75% to 95%.  Reconstructed mass is 
calculated from major species mass concentrations using the following equations to account for 
the unmeasured components of the aerosol (i.e., oxygen associated with mineral oxides and 
hydrogen associated with organic carbon compounds): 

[Soil] = 2.2*[Al] + 2.49*[Si] + 1.63*[Ca] + 2.42*[Fe] + 1.94*[Ti] 

[Organic Carbonacious Material (OCM)] = 1.4*[OC] 
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[Elemental Carbon (EC)] = [EC] 

[Ammonium Sulfate] = 1.375*[SO4
2-] 

[Ammonium Nitrate] = 1.29*[NO3
-] 

Comparison of the major aerosol components with the total mass indicates that the 
contribution of geologic material was over-represented in the source profiles.  The average and 
standard deviation of the ratio of reconstructed mass to measured mass are 1.12 +/- 0.08 for PM10 
and 0.91 +/- 0.09 for PM2.5.  For many of the speciated PM10 source profiles, the soil component 
of the aerosol was larger than the measured mass of the PM10.  These results suggest that the 
Dzubay correction described above over compensates for the large particle self absorption.  When 
the correction factor is not applied to the elemental concentrations, the ratio or reconstructed 
mass to measured mass is 0.75 +/- 0.07 for PM10 and unchanged for PM2.5. 

Because the sum of aerosol component mass is greater than the measured aerosol mass 
when the Dzubay correction factor is applied, the decision was made to calculate the final source 
profiles described below without applying the Dzubay correction factor for large particle self 
absorption.  In order to account for the uncertainties of this phenomenon, the precisions of each 
chemical abundance are the precisions of the Dzubay corrected abundances. 

The individual source samples are identified in Table 7-2.  The locations at which they 
were collected are described in the earlier Silt Loading section.  Table 7-2 also assigns mnemonic 
codes to identify the profiles as they appear in the CMB source contribution reports.  Not all of 
the species that contribute to PM10 were measured, and the abundances do not sum to 100%.   

Not all of these profiles were used in the CMB calculations, but all profiles were made 
available for initial model sensitivity tests and final source apportionment.  Profiles used for 
source apportionment are often composites derived from several individual sample profiles.  For 
this study, the individual geological profiles were composited based on the following 
characteristics: season collected (i.e. winter or summer), sample type (paved road, unpaved road, 
sand used for road traction, chips used for chip-sealing, TRAKER samples), and particle size (i.e. 
PM10, PM2.5, and Coarse). 

7.2 Geological Source Profiles 

Sampling locations for each of the geological source samples are given in Table 7-2.  
These included paved-road vacuum samples, road sanding material, and unpaved road swept 
samples.  The top 0.5 or 1 cm of surface material was swept from unpaved surfaces, since this 
represents the reservoir available for suspension by wind or vehicle movement.  Paved road dust 
was collected by vacuuming surface material samples from several different sections of each 
surface.  Chapter 2 discusses sample collection in greater detail. 
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Table 7-1. Source Profile Key 

Mneumonic Description 
MSGC Mass  
CLIC Chloride  
N3IC Nitrate  
S4IC Sulfate  
N4CC Ammonium  
NAAC Soluble Sodium  
KPAC Soluble Potassium  
OCTC Organic Carbon  
ECTC Elemental Carbon  
TCTC Total Carbon  
NAXC Sodium  
MGXC Magnesium  
ALXC Aluminum  
SIXC Silicon  
PHXC Phosphorous  
SUXC Sulfur  
CLXC Chlorine  
KPXC Potassium  
CAXC Calcium  
TIXC Titanium  
VAXC Vanadium  
CRXC Chromium  
MNXC Manganese  
FEXC Iron  
COXC Cobalt  
NIXC Nickel  
CUXC Copper  
ZNXC Zinc  
GAXC Gallium  
ASXC Arsenic  
SEXC Selenium  
BRXC Bromine  
RBXC Rubidium  
SRXC Strontium  
YTXC Yttrium  
ZRXC Zirconium  
MOXC Molybdenum  
PDXC Palladium  
AGXC Silver  
CDXC Cadmium  
INXC Indium  
SNXC Tin  
SBXC Antimony  
BAXC Barium  
LAXC Lanthanum  
AUXC Gold  
HGXC Mercury  
TLXC Thallium  
PBXC Lead  
URXC Uranium  
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Table 7-2.  Table of geologic samples collected for resuspension and chemical analysis in the 
Treasure Valley Road Dust Study.  The Mnemonic indicates how the samples were 
composited to from individual source profiles. 

Season Site Field Sample 
ID 

Sample 
Date 

Sample 
Type Lab ID Resuspension and 

Chemical Analysis County Source Profile 
Mnemonic 

Winter BOISL001 3/1/2001 paved RS562 Y Ada TVRDWIPV 
 BOISL002       
 

Riva Ridge North 
of Reutzel Dr. 

BOISL003       
Summer BOISL028 7/12/2001 paved RS622 Y Ada TVRDSUPV 

 BOISL029       
 

Riva Ridge North 
of Reutzel Dr. 

BOISL030       
Winter BOISL004 3/3/2001 paved RS565 N Ada  

 BOISL005       
 

Apple St. Between 
Wright and 
LaFayette BOISL006       

Summer BOISL053 7/13/2001 paved RS623 N Ada  
 BOISL054       
 

Apple St. Between 
Wright and 
LaFayette BOISL055       

Winter BOISL007 3/4/2001 paved RS568 Y Ada TVRDWIPV 
 BOISL008       
 

13th St. North of 
Hays 

BOISL009       
Summer BOISL045 7/13/2001 paved RS624 Y Ada TVRDSUPV 

 BOISL046       
 

13th St. North of 
Hays 

BOISL047       
Winter BOISL010 3/4/2001 paved RS571 Y Ada TVRDWIPV 

 BOISL011       
 

Front St. Between 
3rd and 5th 

BOISL012       
Summer BOISL061 7/14/2001 paved Rs625 Y Ada TVRDSUPV 

 BOISL062       
 

Front St. Between 
3rd and 5th 

BOISL063       
Winter BOISL013 3/6/2001 paved RS574 Y Ada TVRDWIPV 

 BOISL014       
 

West Park Dr. 
West of 

Milwaukee BOISL015       
Summer BOISL050 7/14/2001 paved RS626 N Ada  

 BOISL051       
 

West Park Dr. 
West of 

Milwaukee BOISL052       
Winter BOISL016 3/6/2001 paved RS577 N Ada  

 BOISL017       
 

Maple Grove North 
of Tillamook 

BOISL018       
Summer BOISL031 7/12/2001 paved RS627 N Ada  

 BOISL032       
 

Maple Grove North 
of Tillamook 

BOISL033       
Winter BOISL019 3/7/2001 paved RS580 Y Canyon TVRDWIPV 

 BOISL020       
 

Garrity Blvd. 
Between Cavalry 

and 11th BOISL021       
Summer BOISL067 7/17/2001 paved RS628 Y Canyon TVRDSUPV 

 BOISL068       
 

Garrity Blvd. 
Between Cavalry 

and 11th BOISL069       
Winter BOISL022 3/7/2001 paved RS583 N Canyon  

 BOISL023       
 

Amity Between 
Colorado and 

Diamond BOISL024       
Summer BOISL064 7/17/2001 paved RS629 Y Canyon TVRDSUPV 

 BOISL065       
 

Amity Between 
Colorado and 

Diamond BOISL066       
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Table 6-1 (continued).  Table of geologic samples collected for resuspension and chemical 
analysis in the Treasure Valley Road Dust Study.  The Mnemonic indicates how the 
samples were composited to from individual source profiles. 

Season Site Field Sample 
ID 

Sample 
Date Sample Type Lab ID Resuspension and 

Chemical Analysis County Source Profile 
Mnemonic 

Winter BOISL025 3/7/2001 paved RS586 N Canyon  
 BOISL026       
 

6th St. Between 
6th Avenue and 

7th Ave BOISL027       
Summer BOISL070 7/17/2001 chip material RS630 Y Canyon TVRDSUCH 

 BOISL071       
 

6th St. Between 
6th Avenue and 

7th Ave BOISL072       
Winter BOISL034 3/6/2001 unpaved RS589 N Ada  

 BOISL035       
 

Howry 
BOISL036       

Winter BOISL037 3/17/2001 unpaved RS592 Y Ada TVRDWIUP 
 BOISL038       
 

Cloverdale Farm 
Road 

BOISL039       
Summer 

 
 

Cloverdale Farm 
Road 

BOISL076 
BOISL077 
BOISL078 

7/26/2001 unpaved RS632 Y Ada TVRDSUUP 

Winter BOISL040 3/16/2001 unpaved RS595 Y Ada TVRDWIUP 
 BOISL041       
 

Pierce Park 
BOISL042       

Summer BOISL073 7/25/2001 unpaved RS631 Y Ada TVRDSUUP 
 BOISL074       
 

Pierce Park 
BOISL075       

Winter BOISL057 3/7/2001 unpaved RS599 N Canyon  
 BOISL058       
 

Unpaved Driveway 
Off Happy Valley 

BOISL059       
Summer BOISL079 7/25/2001 unpaved RS633 N Ada  

 BOISL080       
 

Access Road Near 
Lucky Peak Dam 

BOISL081       
Winter ACHD TC Sand BOISL044 3/15/2001 De-icing grab sample RS598 Y Ada TVRDWISA 
Winter 

Various Roads in 
Ada and Canyon 

County 

BRDFTQ001 
BRDFTQ002 
BRDTTQ001 
BRDTTQ002 
BRDFQ001 
BRDFQ002 
BRDTQ001 
BRDTQ002 

3/16/2001 
TRAKER Air 
background 
subtracted 

NA Y Ada and 
Canyon TVRDWITR 

 

Figure 7-1 and Figure 7-2 show the chemical abundances of the seven geological source 
profiles.  In each of the illustrations, the heights of the bars indicate the average fractional 
abundances for the indicated chemical, while the dot shows the root mean square precision of the 
composite profiles.  When the height of the bar exceeds the position of the dot, and when the 
height of the bar is much higher than it is in other profiles, the corresponding species is considered 
as a good marker for that source type.  Detailed source profile tables are shown in Section 7.4. 

In each of these profiles, aluminum (Al), silicon (Si), potassium (K), calcium (Ca), iron 
(Fe), and organic carbon (OC) have large abundances with low variabilities.  The abundance of 
total potassium (K) is five to ten times the abundance of soluble potassium (K+).  PM 10 calcium 
abundances are consistently within the range of 1% to 3% for all profiles.  Calcium in geological 
material may be enriched naturally by calcium carbonate or calcium aluminosilicates or by erosion 
of concrete.  PM10 silicon abundances account for the largest elemental contribution to the total 
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mass (14% to 19%).  Road dust is  not a major source of soluble ions such as nitrate and sulfate 
which account only for 0.1% to 0.5% of the source profile by mass. 

Substantial differences were found between paved and unpaved road PM 10 source profiles 
from samples collected in both summer and winter.  Paved road source profiles are composed of 
12% to 16% organic carbon and 1.2% and 2.3% elemental carbon.  Unpaved road samples are 
composed of only 2.5% to 4.5% organic carbon and less than 0.1% elemental carbon.  Unpaved 
road dust samples are primarily composed of the geologic material used to make or maintain the 
road.  The paved road samples contain eroded concrete and asphalt, tire and brake surface 
fragments, oil drips, and deposited exhaust particles.  The enhanced organic and elemental 
composition observed in paved road dust is most probably due to a combination of tire and 
exhaust particles. 

No significant differences were observed between the profiles based on season in which 
they were collected.  The road sand profile has enriched levels of soluble sodium, chloride, and 
sulfate by a factor of 10 to 100 when compared to the winter paved road profile.  These 
differences may be due to different geologic sources for the sanding material and paved road dust. 

The summer chip sealing material collected in Canyon County was quite similar to the 
summer paved road dust profile with the exception of organic and elemental carbon.  The chip 
sealing material is composed of 5 to 10 times less carbonaceous material than the paved road 
dust.  In this respect, the chip sealing material profile was more similar to the summertime 
unpaved road profile, though we note that chip sealing material had approximately 7 times less 
chloride than the unpaved road samples. 

Previous source apportionment studies (e.g., Chow et al., 1992a, 1992b; Watson et al., 
1994) show that the chemical abundances and variabilities of the commonly measured elements, 
ions, and carbon in geological source profiles are sufficient to separate geological source 
contributions from other source types.  More recent studies have shown that road salting material 
can be distinguished from paved road dust (Watson et al., 2000).  The set of source profiles 
described here indicate that there are chemical differences associated with the profiles of paved 
road dust, unpaved road dust, and road sanding material.  Application of sensitivity tests during 
the CMB modeling will indicate whether these differences are sufficient to resolve source 
contributions between these sources.  
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Treasure Valley Road Dust Winter Paved Roads (TVRDWIPV)

0.0001

0.001

0.01

0.1

1

10

100

M
S

G
C

C
LI

C

N
3I

C

S
4I

C

N
4C

C

N
A

A
C

K
P

A
C

O
C

T
C

E
C

T
C

T
C

T
C

N
A

X
C

M
G

X
C

A
LX

C

S
IX

C

P
H

X
C

S
U

X
C

C
LX

C

K
P

X
C

C
A

X
C

T
IX

C

V
A

X
C

C
R

X
C

M
N

X
C

FE
X

C

C
O

X
C

N
IX

C

C
U

X
C

ZN
X

C

G
A

X
C

A
S

X
C

S
E

X
C

B
R

X
C

R
B

X
C

S
R

X
C

Y
T

X
C

ZR
X

C

M
O

X
C

P
D

X
C

A
G

X
C

C
D

X
C

IN
X

C

S
N

X
C

S
B

X
C

B
A

X
C

LA
X

C

A
U

X
C

H
G

X
C

T
LX

C

P
B

X
C

U
R

X
C

Chemical Species

S
pe

ci
es

 A
bu

nd
an

ce
 (%

)

 

Treasure Valley Road Dust Summer Paved Roads (TVRDSUPV)
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Treasure Valley Road Dust Winter Unpaved Roads (TVRDWIUP)
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Treasure Valley Road Dust Summer Unpaved Roads
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Figure 7-1.  PM10 source profiles of paved and unpaved road dust samples collected in the 
Treasure Valley in Winter and Summer 2001. 
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Treasure Valley Road Dust Winter Sanding Material (TVRDWISA)
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Treasure Valley Road Dust Summer Chip Material (TVRDSUCH)

0.0001

0.001

0.01

0.1

1

10

100

M
S

G
C

C
LI

C

N
3I

C

S
4I

C

N
4C

C

N
A

A
C

K
P

A
C

O
C

T
C

E
C

T
C

T
C

T
C

N
A

X
C

M
G

X
C

A
LX

C

S
IX

C

P
H

X
C

S
U

X
C

C
LX

C

K
P

X
C

C
A

X
C

T
IX

C

V
A

X
C

C
R

X
C

M
N

X
C

FE
X

C

C
O

X
C

N
IX

C

C
U

X
C

ZN
X

C

G
A

X
C

A
S

X
C

S
E

X
C

B
R

X
C

R
B

X
C

S
R

X
C

Y
T

X
C

ZR
X

C

M
O

X
C

P
D

X
C

A
G

X
C

C
D

X
C

IN
X

C

S
N

X
C

S
B

X
C

B
A

X
C

LA
X

C

A
U

X
C

H
G

X
C

T
LX

C

P
B

X
C

U
R

X
C

Chemical Species

S
pe

ci
es

 A
bu

nd
an

ce
 (%

)

 
Treasure Valley Road Dust Winter TRAKER Profile (TVRDWITR)
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Figure 7-2.  PM10 source profiles of road sanding material, chip material used for chip-sealing 
road resurfacing, and particles collected on filters using the TRAKER system.  All samples were 
collected in the Treasure Valley in Winter and Summer 2001. 
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7.3 Source Profile Summary 

This a priori examination of source profiles for the study cannot determine which profiles 
will be distinguishable by CMB modeling.  Current modeling software contains diagnostic tests to 
allow the degree of “co-linearity” (or similarity among profiles) to be evaluated for each 
combination of source and receptor data.   

7.4 Detailed Source Profiles 

Table 7-3 through Table 7-6 detail the source profiles for samples collected as part of the 
TVRDS.  



 

 7-12

 

Table 7-3.  Source profiles of Winter Paved and Unpaved Road Dust collected in the 
Treasure Valley, 2001. 

Profile 
Mnemonic TVRDWIPV TVRDWIUP 

Season Winter Winter 
Sample 

Type Paved Unpaved 

Size 10 2.5 C 10 2.5 C 
 Abund. (%) Unc. (%) Abund. (%) Unc. (%) Abund. (%) Unc. (%) Abund. (%) Unc. (%) Abund. (%) Unc. (%) Abund. (%) Unc. (%) 

MSGC 100.0000 7.1243 100.0000 9.3326 100.0000 8.5678 100.0000 7.6891 100.0000 7.4830 100.0000 10.3474 
CLIC 0.1350 0.0866 0.2978 0.3213 0.0943 0.0865 0.0975 0.0527 0.1860 0.1049 0.0624 0.0606 
N3IC 0.0000 0.0599 0.0000 0.2261 0.0000 0.0593 0.0943 0.0407 0.0798 0.0736 0.1006 0.0486 
S4IC 0.0289 0.0623 0.0000 0.2261 0.0338 0.0626 0.4487 0.0654 0.3732 0.1006 0.4795 0.0825 

N4CC 0.1051 0.0860 0.3987 0.3221 0.0466 0.0856 0.0895 0.0523 0.1958 0.1045 0.0468 0.0601 
NAAC 0.0557 0.0664 0.1023 0.2503 0.0447 0.0658 0.1195 0.0418 0.1590 0.0819 0.1032 0.0484 
KPAC 0.0690 0.0672 0.1350 0.2515 0.0536 0.0667 0.1485 0.0466 0.2196 0.0862 0.1194 0.0552 
OCTC 15.8744 2.3044 18.0099 8.3721 15.2637 2.3002 4.5162 1.2507 3.3630 2.6633 4.9765 1.3974 
ECTC 1.2931 0.5942 1.9240 2.0340 1.1383 0.6126 0.0502 0.3547 0.0843 0.6550 0.0364 0.4221 
TCTC 16.9864 2.7691 18.5756 10.0303 16.4585 2.7758 4.4470 1.5397 2.9619 3.2038 5.0398 1.7416 
NAXC 0.9142 1.1852 1.2392 3.9094 0.8534 1.2250 0.1556 0.9095 1.2094 1.5035 -0.2827 1.1273 
MGXC 0.1131 0.1124 0.3774 0.3572 0.0648 0.1181 0.0864 0.1132 0.2608 0.2166 0.0138 0.1344 
ALXC 3.4068 1.8411 4.9497 0.4218 3.0299 2.2810 3.9050 1.8753 5.0790 0.3829 3.4414 2.6353 
SIXC 14.5555 7.4601 19.0054 1.5635 13.5224 9.1773 17.3560 7.7151 21.8353 1.6077 15.6572 10.8478 
PHXC 0.0056 0.0302 0.0089 0.0440 0.0048 0.0363 0.0101 0.0219 0.0181 0.0115 0.0069 0.0306 
SUXC 0.5252 0.2814 0.7123 0.0853 0.4829 0.3277 0.1274 0.0519 0.1707 0.0189 0.1111 0.0718 
CLXC 0.1156 0.0405 0.2035 0.0587 0.0951 0.0479 0.0616 0.0188 0.1142 0.0208 0.0422 0.0248 
KPXC 1.7509 0.3764 1.9823 0.1691 1.6953 0.4632 1.9314 0.3828 2.0623 0.1538 1.8834 0.5367 
CAXC 1.8271 0.3678 2.2106 0.2541 1.7387 0.4419 2.2999 0.3913 2.7350 0.2164 2.1419 0.5387 
TIXC 0.3774 0.0719 0.3092 0.2746 0.3914 0.0721 0.3773 0.0489 0.3313 0.0845 0.3954 0.0600 
VAXC 0.0062 0.0371 0.0019 0.1231 0.0072 0.0385 0.0036 0.0283 0.0000 0.0498 0.0050 0.0343 
CRXC 0.0116 0.0073 0.0162 0.0240 0.0106 0.0074 0.0317 0.0064 0.0332 0.0125 0.0310 0.0075 
MNXC 0.0726 0.0067 0.0854 0.0165 0.0695 0.0074 0.1065 0.0088 0.1216 0.0105 0.1003 0.0114 
FEXC 3.4828 0.2494 4.1759 0.3401 3.3097 0.2942 3.6826 0.2875 4.2182 0.3131 3.4684 0.3737 
COXC 0.0132 0.0574 0.0164 0.0675 0.0126 0.0698 0.0153 0.0628 0.0185 0.0657 0.0140 0.0839 
NIXC 0.0084 0.0025 0.0134 0.0095 0.0073 0.0025 0.0138 0.0020 0.0209 0.0036 0.0109 0.0024 
CUXC 0.0064 0.0027 0.0079 0.0108 0.0061 0.0026 0.0063 0.0017 0.0081 0.0033 0.0056 0.0019 
ZNXC 0.0537 0.0046 0.0692 0.0116 0.0498 0.0051 0.0189 0.0021 0.0205 0.0036 0.0182 0.0026 
GAXC 0.0007 0.0057 0.0036 0.0218 0.0003 0.0056 0.0005 0.0036 0.0000 0.0074 0.0006 0.0040 
ASXC 0.0016 0.0069 0.0003 0.0240 0.0018 0.0072 0.0004 0.0042 0.0002 0.0081 0.0004 0.0050 
SEXC 0.0003 0.0031 0.0001 0.0119 0.0003 0.0030 0.0001 0.0019 0.0001 0.0040 0.0001 0.0022 
BRXC 0.0006 0.0030 0.0011 0.0117 0.0005 0.0029 0.0006 0.0017 0.0015 0.0037 0.0003 0.0020 
RBXC 0.0108 0.0027 0.0134 0.0107 0.0103 0.0026 0.0113 0.0018 0.0125 0.0033 0.0109 0.0021 
SRXC 0.0257 0.0033 0.0273 0.0110 0.0253 0.0035 0.0292 0.0029 0.0265 0.0041 0.0302 0.0037 
YTXC 0.0027 0.0040 0.0012 0.0164 0.0030 0.0038 0.0034 0.0026 0.0020 0.0057 0.0039 0.0028 
ZRXC 0.0126 0.0045 0.0177 0.0185 0.0113 0.0043 0.0152 0.0028 0.0185 0.0053 0.0139 0.0032 
MOXC 0.0003 0.0089 0.0000 0.0338 0.0003 0.0087 0.0008 0.0057 0.0000 0.0117 0.0011 0.0065 
PDXC 0.0007 0.0217 0.0096 0.0851 -0.0008 0.0211 0.0006 0.0134 0.0072 0.0281 -0.0021 0.0150 
AGXC 0.0017 0.0265 0.0049 0.1035 0.0007 0.0257 0.0008 0.0163 0.0060 0.0341 -0.0013 0.0183 
CDXC 0.0008 0.0279 0.0073 0.1090 -0.0005 0.0271 0.0017 0.0172 0.0022 0.0358 0.0014 0.0194 
INXC 0.0000 0.0317 0.0000 0.1237 0.0000 0.0308 0.0000 0.0197 0.0052 0.0410 -0.0020 0.0220 
SNXC 0.0028 0.0411 0.0146 0.1602 -0.0003 0.0400 0.0103 0.0249 0.0000 0.0529 0.0144 0.0277 
SBXC 0.0040 0.0468 0.0380 0.1828 -0.0035 0.0455 0.0022 0.0289 0.0000 0.0602 0.0030 0.0326 
BAXC 0.1040 0.1691 0.2672 0.6872 0.0704 0.1612 0.1072 0.1026 0.0826 0.2204 0.1165 0.1136 
LAXC 0.0156 0.2388 0.0854 0.9280 -0.0008 0.2325 0.0188 0.1489 0.0876 0.3107 -0.0076 0.1675 
AUXC 0.0002 0.0090 0.0022 0.0337 -0.0001 0.0089 0.0000 0.0055 0.0000 0.0113 0.0000 0.0062 
HGXC 0.0012 0.0067 0.0056 0.0262 0.0004 0.0065 0.0000 0.0042 0.0017 0.0087 -0.0008 0.0047 
TLXC 0.0007 0.0063 0.0020 0.0247 0.0002 0.0062 0.0009 0.0040 0.0010 0.0083 0.0009 0.0045 
PBXC 0.0197 0.0078 0.0357 0.0301 0.0169 0.0076 0.0104 0.0048 0.0134 0.0099 0.0092 0.0054 
URXC 0.0000 0.0078 0.0000 0.0291 0.0000 0.0078 0.0000 0.0053 0.0000 0.0103 0.0000 0.0062 
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Table 7-4.  Source profiles of Summer Paved and Unpaved Road Dust collected in the 
Treasure Valley, 2001. 

Profile 
Mnemonic TVRDSUPV TVRDSUUP 

Season Summer Summer 
Sample 

Type Paved Unpaved 

Size 10 2.5 C 10 2.5 C 
 Abund. (%) Unc. (%) Abund. (%) Unc. (%) Abund. (%) Unc. (%) Abund. (%) Unc. (%) Abund. (%) Unc. (%) Abund. (%) Unc. (%) 

MSGC 100.0000 7.7119 100.0000 7.6173 100.0000 10.3415 100.0000 7.2559 100.0000 7.1005 100.0000 9.4548 
CLIC 0.1022 0.0637 0.1823 0.1282 0.0722 0.0740 1.1067 0.1279 0.9968 0.1341 1.1459 0.1693 
N3IC 0.0000 0.0441 0.0000 0.0898 0.0000 0.0510 0.0756 0.0306 0.0873 0.0612 0.0717 0.0352 
S4IC 0.0934 0.0517 0.0000 0.0898 0.1301 0.0639 0.2146 0.0419 0.2063 0.0871 0.2176 0.0478 

N4CC 0.1143 0.0632 0.2481 0.1283 0.0621 0.0729 0.0657 0.0389 0.1735 0.0866 0.0286 0.0430 
NAAC 0.0705 0.0493 0.0728 0.0995 0.0709 0.0572 0.1072 0.0315 0.1486 0.0682 0.0931 0.0352 
KPAC 0.0823 0.0505 0.1306 0.1011 0.0634 0.0588 0.1228 0.0357 0.2147 0.0736 0.0913 0.0405 
OCTC 12.5340 1.7957 13.2725 3.4393 12.2003 2.1096 2.6269 0.9135 1.9464 2.1995 2.8612 0.9687 
ECTC 2.2160 0.5142 2.9118 0.8773 1.9580 0.6249 0.0668 0.2645 0.1041 0.5427 0.0537 0.3025 
TCTC 14.6109 2.1954 15.5955 4.1370 14.1933 2.5947 2.6046 1.1335 1.6362 2.6493 2.9381 1.2230 
NAXC 0.4001 0.9376 0.7237 1.7155 0.2651 1.1341 0.9881 0.6085 1.8409 1.2340 0.6899 0.6970 
MGXC 0.1367 0.1036 0.2473 0.1809 0.0966 0.1222 0.1731 0.0450 0.4401 0.0899 0.0805 0.0514 
ALXC 3.3787 1.6130 4.5573 0.3469 2.9219 2.2530 3.6152 1.6888 5.4693 0.3879 2.9752 2.2724 
SIXC 14.3956 6.4387 18.1151 1.3473 12.9580 8.9656 16.3632 7.4525 21.2623 1.4881 14.6741 10.0452 
PHXC 0.0069 0.0255 0.0112 0.0204 0.0047 0.0352 0.0238 0.0247 0.0339 0.0103 0.0204 0.0330 
SUXC 0.3172 0.1230 0.3852 0.0340 0.2919 0.1705 0.0724 0.0255 0.1136 0.0137 0.0581 0.0340 
CLXC 0.0928 0.0373 0.1114 0.0246 0.0864 0.0528 0.9523 0.3731 1.2013 0.1185 0.8651 0.5027 
KPXC 1.6825 0.3325 1.8133 0.1367 1.6328 0.4605 2.0840 0.4182 2.3175 0.1674 2.0032 0.5618 
CAXC 1.8016 0.3321 2.0615 0.1753 1.7011 0.4600 1.4356 0.2589 1.5584 0.1192 1.3930 0.3462 
TIXC 0.3849 0.0553 0.3346 0.1013 0.4042 0.0671 0.3425 0.0389 0.3221 0.0705 0.3493 0.0466 
VAXC 0.0020 0.0303 0.0033 0.0539 0.0015 0.0369 0.0026 0.0228 0.0000 0.0405 0.0035 0.0272 
CRXC 0.0122 0.0055 0.0177 0.0114 0.0098 0.0065 0.0096 0.0042 0.0093 0.0096 0.0096 0.0047 
MNXC 0.0660 0.0061 0.0745 0.0084 0.0628 0.0078 0.1035 0.0079 0.1114 0.0090 0.1007 0.0102 
FEXC 3.8443 0.2982 4.3695 0.3247 3.6410 0.3882 3.3963 0.2582 3.7190 0.2696 3.2844 0.3305 
COXC 0.0149 0.0651 0.0164 0.0678 0.0142 0.0867 0.0119 0.0604 0.0156 0.0610 0.0106 0.0784 
NIXC 0.0098 0.0020 0.0137 0.0040 0.0083 0.0023 0.0041 0.0012 0.0062 0.0027 0.0034 0.0013 
CUXC 0.0090 0.0021 0.0121 0.0041 0.0078 0.0024 0.0041 0.0012 0.0051 0.0028 0.0037 0.0014 
ZNXC 0.0716 0.0060 0.0852 0.0077 0.0662 0.0075 0.0158 0.0017 0.0285 0.0035 0.0113 0.0019 
GAXC 0.0002 0.0042 0.0010 0.0088 -0.0001 0.0048 0.0005 0.0027 0.0002 0.0061 0.0006 0.0029 
ASXC 0.0007 0.0054 0.0000 0.0101 0.0010 0.0064 0.0000 0.0030 0.0000 0.0065 0.0000 0.0034 
SEXC 0.0000 0.0022 0.0000 0.0047 0.0000 0.0025 0.0000 0.0014 0.0000 0.0033 0.0000 0.0016 
BRXC 0.0001 0.0023 0.0003 0.0047 0.0000 0.0025 0.0101 0.0017 0.0112 0.0033 0.0097 0.0019 
RBXC 0.0103 0.0020 0.0108 0.0039 0.0101 0.0023 0.0116 0.0014 0.0116 0.0027 0.0116 0.0017 
SRXC 0.0294 0.0031 0.0293 0.0049 0.0295 0.0039 0.0303 0.0027 0.0290 0.0037 0.0308 0.0034 
YTXC 0.0023 0.0030 0.0018 0.0066 0.0025 0.0032 0.0025 0.0019 0.0017 0.0047 0.0028 0.0020 
ZRXC 0.0141 0.0031 0.0133 0.0063 0.0145 0.0036 0.0143 0.0021 0.0160 0.0044 0.0137 0.0025 
MOXC 0.0003 0.0066 0.0004 0.0136 0.0002 0.0075 0.0008 0.0042 0.0003 0.0096 0.0009 0.0046 
PDXC 0.0008 0.0161 0.0050 0.0342 -0.0009 0.0182 0.0013 0.0100 0.0013 0.0232 0.0013 0.0109 
AGXC 0.0008 0.0195 0.0027 0.0415 -0.0001 0.0221 0.0013 0.0121 0.0032 0.0281 0.0007 0.0131 
CDXC 0.0015 0.0207 0.0060 0.0439 -0.0006 0.0234 0.0001 0.0128 0.0005 0.0297 -0.0001 0.0138 
INXC 0.0001 0.0235 0.0049 0.0499 -0.0021 0.0266 0.0000 0.0145 0.0000 0.0336 0.0000 0.0157 
SNXC 0.0037 0.0295 0.0155 0.0626 -0.0017 0.0333 0.0032 0.0184 0.0215 0.0421 -0.0032 0.0201 
SBXC 0.0024 0.0344 0.0115 0.0729 -0.0015 0.0390 0.0026 0.0210 0.0135 0.0479 -0.0012 0.0228 
BAXC 0.1051 0.1204 0.1250 0.2641 0.0901 0.1343 0.1292 0.0759 0.1024 0.1790 0.1392 0.0815 
LAXC 0.0218 0.1752 0.0359 0.3726 0.0189 0.1978 0.0121 0.1095 0.0231 0.2547 0.0084 0.1182 
AUXC 0.0000 0.0072 0.0000 0.0140 0.0000 0.0084 0.0000 0.0042 0.0003 0.0096 -0.0001 0.0045 
HGXC 0.0007 0.0049 0.0014 0.0105 0.0004 0.0056 0.0000 0.0031 0.0013 0.0072 -0.0004 0.0033 
TLXC 0.0011 0.0047 0.0020 0.0099 0.0007 0.0053 0.0006 0.0029 0.0010 0.0068 0.0004 0.0032 
PBXC 0.0162 0.0058 0.0236 0.0121 0.0134 0.0066 0.0067 0.0035 0.0084 0.0081 0.0061 0.0038 
URXC 0.0000 0.0059 0.0000 0.0118 0.0000 0.0069 0.0000 0.0042 0.0000 0.0085 0.0000 0.0048 
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Table 7-5.  Source profiles of Winter Sanding material and Summer Chip Sealing material 
collected in the Treasure Valley, 2001. 

Profile 
Mnemonic TVRDWISA TVRDSUCH 

Season Winter Summer 
Sample 

Type Sanding Material Chip Material 

Size 10 2.5 C 10 2.5 C 
 Abund. (%) Unc. (%) Abund. (%) Unc. (%) Abund. (%) Unc. (%) Abund. (%) Unc. (%) Abund. (%) Unc. (%) Abund. (%) Unc. (%) 

MSGC 100.0000 8.1318 100.0000 14.2772 100.0000 9.5347 100.0000 7.8416 100.0000 7.4360 100.0000 10.9758 
CLIC 1.6599 0.2767 1.2686 0.6836 1.7597 0.3016 0.1511 0.0557 0.2158 0.0980 0.1207 0.0674 
N3IC 0.0000 0.1674 0.0000 0.4701 0.0000 0.1725 0.0470 0.0381 0.0000 0.0679 0.0690 0.0462 
S4IC 0.3906 0.1967 0.0000 0.4701 0.4902 0.2165 0.0953 0.0447 0.0000 0.0679 0.1400 0.0579 

N4CC 0.1894 0.2373 0.7048 0.6695 0.0578 0.2443 0.0806 0.0541 0.1547 0.0967 0.0458 0.0652 
NAAC 1.1356 0.2082 0.9275 0.5315 1.1887 0.2240 0.1427 0.0439 0.1840 0.0766 0.1234 0.0533 
KPAC 0.0870 0.1861 0.2086 0.5223 0.0559 0.1918 0.1026 0.0450 0.1555 0.0781 0.0778 0.0549 
OCTC 10.0549 5.5236 0.0000 16.9976 12.6213 5.4266 5.7771 1.3332 5.0288 2.4962 6.1278 1.5766 
ECTC 1.5977 1.6336 0.0000 4.2091 2.0055 1.7480 0.2014 0.3687 0.3529 0.6085 0.1304 0.4602 
TCTC 11.1053 6.9044 0.0000 20.5016 13.9398 6.9261 5.8588 1.6297 4.9236 2.9927 6.2970 1.9462 
NAXC 2.4671 1.0127 16.9499 3.0071 -1.2295 1.0921 0.9110 0.3579 3.0557 0.6153 -0.0939 0.4398 
MGXC 0.1048 0.3823 0.0000 0.9683 0.1316 0.4113 0.0900 0.1069 0.0828 0.2240 0.0933 0.1167 
ALXC 4.2449 2.3504 5.5270 0.6619 3.9176 2.9519 3.6764 1.5846 5.1324 0.3829 2.9927 2.3302 
SIXC 17.2325 8.8176 20.9240 2.3486 16.2900 11.0713 16.5283 6.8723 20.8339 1.5287 14.5067 10.1086 
PHXC 0.0000 0.0472 0.0147 0.0537 -0.0038 0.0577 0.0167 0.0214 0.0000 0.0242 0.0246 0.0294 
SUXC 0.1072 0.0545 0.1504 0.0816 0.0961 0.0651 0.0793 0.0276 0.1036 0.0140 0.0679 0.0400 
CLXC 1.7640 0.6260 1.5017 0.2084 1.8310 0.7858 0.1494 0.0431 0.1769 0.0218 0.1364 0.0625 
KPXC 1.9459 0.4179 2.1319 0.2595 1.8984 0.5209 2.3060 0.4233 2.6536 0.1956 2.1428 0.6154 
CAXC 2.4450 0.6154 3.0106 0.4747 2.3006 0.7627 1.3458 0.2336 1.5355 0.1233 1.2567 0.3382 
TIXC 0.3309 0.1769 0.4347 0.5128 0.3043 0.1793 0.3514 0.0477 0.2593 0.0752 0.3946 0.0619 
VAXC 0.0030 0.0881 0.0086 0.2448 0.0016 0.0913 0.0059 0.0254 0.0000 0.0382 0.0086 0.0327 
CRXC 0.0977 0.0191 0.1942 0.0498 0.0730 0.0204 0.0235 0.0047 0.0295 0.0069 0.0207 0.0060 
MNXC 0.0849 0.0128 0.1152 0.0338 0.0772 0.0134 0.1081 0.0091 0.1219 0.0102 0.1017 0.0122 
FEXC 3.5713 0.2735 4.4016 0.4963 3.3594 0.3155 4.1316 0.3265 4.6210 0.3390 3.9022 0.4428 
COXC 0.0118 0.0607 0.0409 0.0755 0.0043 0.0737 0.0142 0.0712 0.0232 0.0713 0.0100 0.0990 
NIXC 0.0402 0.0076 0.0850 0.0221 0.0287 0.0076 0.0150 0.0020 0.0178 0.0031 0.0136 0.0025 
CUXC 0.0240 0.0074 0.0304 0.0211 0.0224 0.0075 0.0053 0.0017 0.0110 0.0031 0.0026 0.0020 
ZNXC 0.0298 0.0073 0.0231 0.0212 0.0315 0.0075 0.0338 0.0031 0.0384 0.0041 0.0317 0.0041 
GAXC 0.0011 0.0154 0.0000 0.0453 0.0013 0.0156 0.0000 0.0036 0.0018 0.0066 -0.0009 0.0042 
ASXC 0.0000 0.0168 0.0000 0.0484 0.0000 0.0170 0.0009 0.0050 0.0030 0.0080 0.0000 0.0063 
SEXC 0.0000 0.0084 0.0000 0.0247 0.0000 0.0084 0.0000 0.0019 0.0000 0.0036 0.0000 0.0023 
BRXC 0.0000 0.0083 0.0000 0.0249 0.0000 0.0083 0.0000 0.0019 0.0000 0.0036 0.0000 0.0023 
RBXC 0.0111 0.0069 0.0149 0.0201 0.0102 0.0069 0.0131 0.0019 0.0147 0.0031 0.0123 0.0023 
SRXC 0.0331 0.0081 0.0456 0.0231 0.0300 0.0083 0.0268 0.0027 0.0275 0.0038 0.0264 0.0036 
YTXC 0.0009 0.0116 0.0000 0.0339 0.0011 0.0116 0.0027 0.0025 0.0013 0.0050 0.0033 0.0029 
ZRXC 0.0126 0.0130 0.0130 0.0405 0.0124 0.0127 0.0150 0.0028 0.0156 0.0048 0.0147 0.0034 
MOXC 0.0049 0.0239 0.0000 0.0705 0.0061 0.0241 0.0018 0.0056 0.0000 0.0103 0.0027 0.0067 
PDXC 0.0000 0.0610 0.0404 0.1794 -0.0103 0.0614 0.0000 0.0136 0.0059 0.0255 -0.0028 0.0160 
AGXC 0.0093 0.0728 0.0000 0.2132 0.0117 0.0734 0.0000 0.0167 0.0047 0.0312 -0.0022 0.0196 
CDXC 0.0000 0.0782 0.0000 0.2302 0.0000 0.0786 0.0018 0.0174 0.0000 0.0327 0.0027 0.0205 
INXC 0.0000 0.0888 0.0000 0.2608 0.0000 0.0895 0.0006 0.0198 0.0000 0.0370 0.0009 0.0233 
SNXC 0.0349 0.1127 0.1016 0.3355 0.0179 0.1126 0.0118 0.0251 0.0109 0.0476 0.0122 0.0293 
SBXC 0.0162 0.1294 0.0000 0.3802 0.0203 0.1303 0.0051 0.0293 0.0091 0.0546 0.0032 0.0347 
BAXC 0.0000 0.4949 0.0613 1.4571 -0.0157 0.4976 0.0670 0.0973 0.1688 0.1827 0.0193 0.1144 
LAXC 0.0000 0.6597 0.0000 1.9449 0.0000 0.6628 0.0180 0.1490 0.0000 0.2781 0.0264 0.1758 
AUXC 0.0025 0.0239 0.0000 0.0703 0.0031 0.0240 0.0000 0.0056 0.0000 0.0102 0.0000 0.0068 
HGXC 0.0017 0.0186 0.0211 0.0551 -0.0032 0.0187 0.0011 0.0042 0.0020 0.0078 0.0007 0.0050 
TLXC 0.0026 0.0175 0.0045 0.0516 0.0021 0.0176 0.0011 0.0040 0.0006 0.0075 0.0014 0.0048 
PBXC 0.0207 0.0240 0.0393 0.0738 0.0159 0.0236 0.0179 0.0050 0.0234 0.0091 0.0153 0.0059 
URXC 0.0000 0.0206 0.0000 0.0603 0.0000 0.0208 0.0000 0.0054 0.0000 0.0092 0.0000 0.0067 
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Table 7-6.  Source profiles of Winter Paved and Unpaved Road Dust collected through the 
TRAKER inlets in the Treasure Valley, 2001. 

Profile 
Mnemonic TVRDWITR 

Season Winter 
Sample 

Type TRAKER Sample 

Size 10 2.5 
 Abund. (%) Unc. (%) Abund. (%) Unc. (%) 

MSGC 100.0000 7.8039 100.0000 8.8754 
CLIC 0.3098 0.2313 -0.0299 0.4117 
N3IC 0.0000 0.0075 0.3892 0.0306 
S4IC 0.0000 0.0075 0.3892 0.4106 

N4CC 0.0202 0.2278 -0.0838 0.4070 
NAAC 0.0791 0.0178 0.0144 0.0357 
KPAC 0.0966 0.0344 0.1599 0.0616 
OCTC 7.8788 3.3868 6.2674 5.9861 
ECTC 3.9619 0.5249 1.0379 0.7738 
TCTC 11.8406 3.9101 7.2854 6.5755 
NAXC 1.8534 2.1621 2.3838 4.8311 
MGXC 0.1484 0.4865 -0.0517 0.7465 
ALXC 4.4209 4.8333 3.6539 0.3443 
SIXC 18.1782 19.9629 17.4841 1.3231 
PHXC -0.0037 0.0871 0.0043 0.0652 
SUXC 0.2796 0.0389 0.4190 0.0486 
CLXC 0.2233 0.1998 0.1569 0.0389 
KPXC 1.5667 0.8698 1.8103 0.1415 
CAXC 1.4724 0.7069 2.8629 0.2199 
TIXC 0.3397 0.1416 0.2374 0.2709 
VAXC 0.0048 0.0930 -0.0049 0.1296 
CRXC 0.0081 0.0200 0.0157 0.0150 
MNXC 0.0969 0.0101 0.1118 0.0133 
FEXC 7.3191 0.5345 9.5696 0.6932 
COXC 0.0248 0.1638 0.0376 0.2127 
NIXC 0.0039 0.0060 0.0040 0.0114 
CUXC 0.0387 0.0059 0.0612 0.0094 
ZNXC 0.1323 0.0105 0.0881 0.0080 
GAXC 0.0005 0.0133 -0.0059 0.0218 
ASXC 0.0000 0.0129 0.0013 0.0202 
SEXC 0.0000 0.0059 0.0004 0.0096 
BRXC 0.0017 0.0056 -0.0001 0.0097 
RBXC 0.0085 0.0056 0.0081 0.0102 
SRXC 0.0377 0.0075 0.0227 0.0107 
YTXC 0.0026 0.0115 0.0055 0.0184 
ZRXC 0.0485 0.0108 0.0598 0.0160 
MOXC 0.0007 0.0237 0.0034 0.0378 
PDXC 0.0031 0.0303 0.0062 0.0525 
AGXC 0.0010 0.0348 0.0022 0.0610 
CDXC 0.0017 0.0357 0.0184 0.0573 
INXC -0.0095 0.0423 0.0168 0.0672 
SNXC 0.0000 0.0628 0.0000 0.1073 
SBXC 0.0098 0.0772 -0.0088 0.1259 
BAXC 0.2681 0.2727 0.3808 0.4453 
LAXC 0.0529 0.4849 0.0214 0.8044 
AUXC 0.0016 0.0196 -0.0095 0.0297 
HGXC 0.0003 0.0119 0.0040 0.0196 
TLXC 0.0003 0.0113 -0.0004 0.0186 
PBXC 0.0158 0.0158 0.0032 0.0340 
URXC 0.0006 0.0200 -0.0009 0.0321 
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8. SUMMARY AND CONCLUSIONS 
The Treasure Valley Road Dust Study (TVRDS) investigated the spatial variability, 

temporal trends, and the effectiveness of control strategies of paved and unpaved road dust 
emissions in the Ada and Canyon counties of Idaho.  The on-site field study occurred in a winter 
installment between 2/21/01 and 3/17/01 and a summer installment between 7/10/01 and 
7/24/01.  Supplemental fieldwork was performed at Ft. Bliss, TX during May 2001.  Both the 
winter and the summer on-site field studies included direct measurement of paved and unpaved 
road dust emissions over the Treasure Valley roadway network using the newly-developed, 
vehicle based measurement technique (TRAKER) and the collection of road dirt samples for silt 
analyses.  The chemical composition of road dust was characterized to produce site-specific 
source profiles for use in receptor models.  

8.1 Road Dust Distributions, Temporal Trends, Road Sanding, and Control Efficiency 

The TRAKER (Testing Re-entrained Aerosol Kinetic Emissions from Roads), a vehicle-
based road dust emissions measurement tool, was the workhorse for the TVRDS.  It consisted of 
a box van outfitted with instruments that measure particle concentrations behind the two front 
tires as well as at a location in front of the bumper.  The measurement in front of the bumper 
provided the background particle concentration near the road surface while the measurements 
behind the front tires provided a signal related to the road dust emissions.  At each measurement 
location on the vehicle, the instruments included two TSI DustTraks – one with a PM10 inlet and 
one with a PM2.5 inlet- and a GRIMM particle size analyzer.  The instruments associated with the 
left front tire were always active, while those associated with the right tire were used when 
sufficient instrumentation was available.  Analysis of TRAKER results employed primarily the 
data obtained from the left side of the TRAKER vehicle.  TRAKER was also equipped with a 
GPS receiver.  The GPS linked every 1-second measurement of road dust with a location on the 
Treasure Valley roadway network. 

The TRAKER signal was calibrated against horizontal road dust flux measurements in Ft. 
Bliss, TX.  This is the same technique used to calibrate the silt loading measurements reported in 
AP-42 (USEPA, 1999) with the exception that real time particle measurement instrumentation 
was used in Ft. Bliss.  The experiments in Ft. Bliss were conducted on an unpaved road.  One 
Tower was placed upwind of the road and two towers were placed downwind at distances of 9 
meters and 50 meters from the road.  Each of the towers was equipped with DustTrak monitors 
using PM10 inlets.  The upwind tower was additionally equipped with wind speed and direction 
sensors.  Several different vehicles, including the TRAKER were driven over the road at multiple 
speeds in order to generate dust.  The emissions from the road were measured as the horizontal 
dust flux across each of the two downwind towers.  

Two important findings resulted from the tower studies.  First, no measurable differences 
in horizontal dust flux were detected between the two downwind towers.  Practically, this meant 
that little or no PM10-sized dust had settled out while traveling between the 10 m and the 50 m 
downwind towers.  A panel of experts had recently convened and suggested that much of the 
dust that is emitted from roads settles within a few meters of the road (Watson and Chow, 2000).  
The panel hypothesized that discrepancies between the dust content of the air as measured by 
ambient filter samples and the relative magnitude of dust sources as compared with other sources 
of PM10 was due to the rapid settling of dust near the origin of emissions.  The results of the Ft. 
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Bliss experiments were significant because they did not support the hypothesis of the expert 
panel.  

The second important finding from the Ft. Bliss study was that the emissions from the 
unpaved road increased linearly with the speed of the vehicle traveling on the road.  This 
information was combined with results from separate tests that found the TRAKER signal to be 
proportional to the speed raised to the third power.  Since emissions were related to speed and 
the signal measured by the TRAKER was related to speed cubed, it was possible to relate the 
measurement obtained by the TRAKER on any road and speed directly to the emissions potential 
of that road.  This has served as the basis for the TRAKER calibration and it is important to note 
the associated uncertainties: 1) The emissions tests in Ft. Bliss were conducted on an unpaved 
road with vehicles traveling at speeds that are substantially lower than normal speeds on paved 
roads; some changes in the behavior of emissions might be expected at higher speeds; 2) the 
unpaved road was set in a flat desert landscape with virtually no shrub cover; removal of PM10 
dust emitted from the road by surface obstructions is minimized.  Preliminary modeling 
conducted in this study indicated that the removal of particles by impaction unto surface 
obstructions can significantly decrease the effective PM10 road dust emissions; and 3) horizontal 
dust fluxes were only measured up to 50 m downwind of the road dust source; while no 
reductions were observed in the fluxes of dust between the 10 m and 50 m towers, it is possible 
that transport on the scale of 1 to 5 km could result in some depletion of the dust that was 
originally emitted from the road.  Indeed, model results discussed in Section 7 indicated that 
removal of particles emitted at ground level occurs to a significant degree for at least 500 
seconds (~500 – 1500 m) downwind of the source. 

Assessment of the emissions of road dust has utilized three metrics: The Emissions 
Potential (b), The Emissions Factor (EF), and the actual Emissions (E).  They are related as 
follows: 

sbEF ??  

and 

VKTEFE ??  

where s is the speed that vehicles traverse the road in meters per second and VKT is the number 
of vehicle kilometers traveled.  The emissions potential, b, can be thought of as a measure of the 
inherent “dirtiness” of the road.  The emissions factor, EF, is the amount of dust that is 
suspended by a vehicle traveling 1 km on the road at the normal speed of the road.  The actual 
emissions, E, is the amount of dust suspended by all traffic that passes over the road.  With the 
aid of the calibration curve from Ft. Bliss, TRAKER directly measures the emissions potential 
(b). 

TRAKER was used in three ways as part of the TVRDS.  It was used for street surveys, 
repeated TRAKER “loops”, and special studies.  

8.1.1 Distributions of road dust emissions 

The TRAKER was used to survey more than 400 km of roads in both winter and summer, 
2001.  For paved roads, each data point was associated with a link (section of road) in the Traffic 
Demand Model network for the Treasure Valley.  Each link was in turn associated with a number 
of characteristics.  Those included link speed, VKT, county, setting (urban vs. rural), and road 
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class (local/residential, collector, arterial, and interstate).  The results of the street survey allowed 
for assessment of temporal trends in emissions potentials.  

Across seasons, counties, settings, and road classes, emissions potentials for paved roads 
were found to decrease with increasing roadway speeds, though this dependence was not always 
consistent.  At a minimum, the emissions potential decreased inversely with speed (1/s).  This 
was the case for winter emissions potentials on rural roads in Canyon County.  The highest 
sensitivity to speed was observed for summer emissions potentials on rural roads in Canyon 
County.  In this latter case, emissions potentials decrease with speed squared (1/s2).  For a few 
cases in the dataset, a dependence of emissions potentials on traffic volume was also observed, 
though there was insufficient evidence for drawing firm conclusions. 

While higher speed roads were found to have much lower emissions potentials (b), 
differences in emissions factors (EF) between high and low speed roads were more modest.  This 
implied that the emissions per kilometer traveled on a clean road at high speed could be 
comparable to those on a dirty road at low speed.   

Unlike paved roads, TRAKER surveys of unpaved roads were averaged over all 
categories because of lack of information on road characteristics.  No significant differences 
were found in emissions from dry unpaved roads between summer and winter.  The emissions 
potential for unpaved roads, 8.6 [g/VKT/mps] was 17 times higher than for the paved road 
average. 

8.1.2 Temporal variations in Road Dust emissions 

A set of Ada County roads that constitute a closed circuit was traversed with the 
TRAKER on multiple occasions during the field study portions of the TVRDS.  The TRAKER 
“loop” was the basis for assessing temporal variations in dust emissions.  The loop was 
performed 7 times in the winter and 5 times in the summer with a separation of two to three days 
between each circuit.  

For paved roads, the emissions potential decreased steadily throughout the winter field 
study but remained approximately constant throughout the summer field study.  This trend was 
observed for all road classes, though it was more pronounced for low speed roads such as 
residentials than for high speed roads such as interstates.  Considering roads with speed between 
17 and 22 m/s (40-49 mph) as an example, emissions potentials on the first loop in winter 
(2/27/01) were 0.47 g/vkt/mps.  By the last winter loop (3/17/01) emissions potentials for those 
same roads had decreased to 0.37 g/vkt/mps.  By the beginning of the summer field study 
(7/12/01) emissions potentials had dropped to 0.25 g/vkt/mps where they remained for the 
duration of the summer campaign.  

The TRAKER loop included a 1 km section of unpaved road.  Analysis of emissions 
potential from the unpaved road in conjunction with meteorological data indicated that 
precipitation can suppress dust emissions for two days.  Emissions potentials for the unpaved 
road were 7.9% of the dry road value on the day that the precipitation occurred.  On the day 
following precipitation, emissions potentials had only risen to 35% of the dry road value.  

8.1.3 Effect of Road Sanding and effectiveness of Road Dust Controls 

The effect of road sanding on road dust emissions was assessed in a controlled 
experiment.  Chinden-a high-traffic road-, and Franklin/Rose Hill-a local, less-traveled- road 
were each divided into three sections.  ACHD applied road sand to all three sections.  The first 
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section was swept with a vacuum sweeper, the second was swept with a mechanical broom 
sweeper, and the third was not swept at all.  The TRAKER was used to measure emissions 
potentials once before sanding and sweeping and several times after sanding and sweeping.  

The results of the winter sanding and sweeping experiment indicated that the direct 
impacts of road sanding on PM10 emissions were short-lived, lasting no more than 8 hours or 
2500 vehicle passes.  PM10  emissions potentials increased by 25% to 70% at 2.5 hours after the 
initial sanding and sweeping.  By 8 hours after treatment, the emissions potential from the roads 
were indistinguishable from their pretreatment levels.  Sweeping using a vacuum or mechanical 
system did not provide any reduction of PM10 emissions potential when compared with not 
sweeping the road.  While the sweepers did an excellent job collecting the visible sand on the 
roads, the systems tested were ineffective at removing the source of the PM10 road dust particles.  
A supplemental test of street sweeper efficiency during the summer field campaign reinforced 
this conclusion. 

8.2 Assembly of Emissions Inventories 

Inventories for PM10 and PM2.5 road dust emissions were assembled for the years 2000, 
2010, 2015, and 2020.  Paved road inventories for the year 2000 and future years were based on 
the results of the traffic demand model (TDM) network used by COMPASS for those years.  
Daily inventories were also created for the periods January 1-9, 1991 and December 20-26, 
1999.  Additional inventories were calculated using the meteorological conditions corresponding 
to January 1-9, 1991 in conjunction with the TDM results for the years 2010, 2015, and 2020.  
For paved roads, VKT and speed data from the TDM were applied to arrive at total emissions per 
link.  The dependence of emissions potentials on speed, county, setting, and season was 
established with street surveys conducted by TRAKER.  Precipitation effects on paved road 
emissions were accounted for by assuming 30 minutes of zero emissions for each 0.25 mm of 
precipitation.  This assumption was based on visual observation of road wetness after a light rain.  

On an annual-average basis, PM10 emissions from paved roads were forecasted to 
increase steadily between the year 2000 and the year 2020.  For the years 2010, 2015, and 2020, 
paved road emissions were respectively 26%, 42%, and 58% higher than the year 2000.  Total 
emissions for the Treasure Valley were 98 metric tons per day, with Ada County roads 
accounting for 75% (73 tons per day) and Canyon County roads accounting for the remaining 
25% (25 tons per day).  Segregation of emissions by road class showed that interstates, arterials, 
collectors, and local/residential roads contributed 19%, 58%, 12%, and 11%, respectively.  
Average-winter day emissions for the year 2000 were 81 tons per day, 31% higher than annual-
average emissions. 

Silt loading measurements were performed during the TVRDS to estimate road dust 
emissions based on EPA’s AP-42 methodology (U.S.EPA, 1999).  Those silt measurements were 
performed twice (once in summer and once in Winter) at 9 paved road locations and 3 unpaved 
road locations.  For the winter samples, silt loadings for arterials, collectors, and residential roads 
were 1.9 g/m2, 2.9 g/m2, and 4.0 g/m2, respectively.  These values were compared to the default 
values recommended by EPA’s AP-42 document and used by SAI (1997) to compile an earlier 
emissions inventory.  Compared to the TVRDS silt loadings, EPA’s default values for Winter 
conditions were lower for arterials: 0.5 g/m2, higher for collectors: 3.0 g/m2, and lower for 
residentials: 3.0 g/m2.  Summer silt loadings from the TVRDS were substantially lower than 
winter samples: 0.5 g/m2, 0.7 g/m2, and 0.4 g/m2 for arterials, collectors, and residentials, 
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respectively.  The equivalent EPA default values were lower than the measured Treasure Valley 
silt loading for arterials: 0.4 g/m2, higher for collectors: 2.5 g/m2, and lower for residentials: 2.5 
g/m2.  Note that silt measurements were not performed on any interstates during the TVRDS.  
Therefore, it was not possible to compare on-site silt measurements with the AP-42 default silt 
loading for interstates (0.02 g/m2).  However, street surveys conducte d with the TRAKER 
indicated that emissions factors from freeways were similar in magnitude to arterials.  This 
suggested that actual silt loadings on interstates in the Treasure Valley should be much higher 
than the AP-42 default value. 

Paved road dust PM10 emissions calculated using TRAKER street surveys were 
compared with estimates from an earlier inventory assembled by SAI (1997) and also with 
estimates of emissions based on silt measurements conducted as part of the TVRDS.  PM10 dust 
emissions from paved roads during an average winter day were estimated using TRAKER street 
surveys at 81 tons per day.  Using the default silt loading for interstates (0.02 g/m2) and 
measured silt loadings for the other road classes, average winter emissions were estimated at 58 
tons per day.  If the silt loading for interstates was assumed to be the same as for arterials - a 
more representative approximation based on TRAKER street surveys - the emissions estimate 
increased to 75 tons per day.  Note that SAI used AP-42 default silt loadings to arrive at 35 tons 
per average winter day. 

When considered on an annual average basis, estimates of PM10 emissions from paved 
roads by TRAKER street surveys were 62 tons per day.  In comparison, silt loadings obtained 
during the TVRDS yield average emissions of 31 tons per day when default values are used for 
silt loading on interstates or 41 tons per day when interstate silt loadings are assumed to be the 
same as those measured on arterials.  SAI estimated annual average PM10 emissions from paved 
roads at 31 tons per day.  

Unpaved road emissions potentials measured by TRAKER street surveys were averaged 
to give a value representative for the Treasure Valley.  For Ada County, an inventory of unpaved 
roads, complete with estimates of average speeds and daily traffic was provided by COMPAS 
and used to estimate rural and urban emissions.  For Canyon County, census tract population 
data was combined with the information received for Ada County and served as a basis for 
estimating unpaved road characteristics.  For Canyon County, additional unpaved road emissions 
were attributed to small rural townships.  Two modifiers were applied to account for 
meteorological impacts on unpaved road emissions.  First, emissions were assumed to be zero 
during periods when ground snow cover was reported.  Second, emissions were set to 7.9% of 
the dry emissions values on days when precipitation was reported.  On days following 
precipitation, emissions values were set to 35% of the dry emissions values.  This treatment of 
precipitation followed directly from analysis of TRAKER loop data for a 1 km stretch of 
unpaved road. 

In the Treasure Valley PM10 emissions inventory assembled as part of this study, 
TRAKER-based unpaved road emissions were substantially lower than those from paved roads.  
For average winter conditions, PM10 emissions from unpaved road were 2.3 tons per day, 2.8% 
of the total road dust emissions in the Treasure Valley.  On an annual-average basis, unpaved 
road dust emissions (2.5 tons per day) accounted for a slightly larger fraction of the total road 
dust emissions (3.9%).  Unpaved road emissions estimated in an earlier emissions inventory 
(SAI, 1997) were comparable for both average winter conditions (2.4 tons per day) and on an 
annual average basis (2.8 tons per day). 
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8.3 Differences Between Emissions Measured Roadside and PM10 Fluxes on the Grid 
Scales of Air Quality Models 

A simple one-dimensional, time-dependent dispersion model was used to estimate the 
removal of particles by deposition as a plume of dust is transported downwind of a source.  The 
model was solved numerically for dispersion parameters that correspond to both neutral and 
stable atmospheric conditions.  Particle concentrations were assumed to be uniformly distributed 
from the ground to a height of 2 m at the time of emission.  Particles were subsequently allowed 
to disperse vertically or deposit at the grid cell nearest the surface (20 cm in height) by a 
combination of gravitational settling and inertial impaction.  The simulation was performed for 
multiple particle sizes ranging from 1.44 to 9.87 ? m in diameter. 

Preliminary results showed that the horizontal flux of 1.44 ? m particles remains 
relatively constant over transport times on the order of 500 seconds.  In contrast, under neutral 
conditions, fluxes of 9.87 ? m particles were diminished by 28% after 30 seconds (~30 – 90 m 
downwind of the source) and 64% after 500 seconds (~500 – 1500 m downwind of the source).  
Stable atmospheric conditions enhanced these reductions to 28% and 74% at 30 seconds and 500 
seconds, respectively.  Based on the size distribution of road dust emissions obtained during the 
TVRDS and the assumptions of the model, PM10 road dust emissions fluxes measured 500 – 
1500 m downwind of a road may be 55 – 65% lower than fluxes measured roadside. 

The model input parameters were systematically perturbed to assess the effects of model 
assumptions.  The rate of removal of particles by inertial impaction was found to have a 
profound effect.  In particular, the model indicated that in the absence of inertial impaction, the 
reduction of horizontal dust flux 500 m downwind of a road compared to roadside is only on the 
order of 5%.  The initial height of the uniformly distributed dust plume was also found to be a 
significant parameter (2 m in the base case).  A decrease in the value of this height enhances 
particle removal by deposition while an increase has the opposite effect. 

8.4 PM10 and PM2.5 Source Profiles for Road Dust 

Silt samples collected during the winter and summer field campaigns of the TVRDS from 
paved and unpaved roads, samples of road sanding material obtained from ACHD, and samples 
of material used in Treasure Valley summertime chip-sealing operations were resuspended in a 
specially-designed chamber.  Size-selective inlets were used to collect both the PM10 and PM2.5 
fractions of the resuspended material on Teflon and quartz filters.  The filters were analyzed for 
mass, major ions, ammonium, chemical elements, organic carbon, and elemental carbon.  Results 
of these chemical analyses were used to compile chemical source profiles in the PM2.5 and PM10 
size ranges for paved road dust, unpaved road dust, and road sanding material used by ACHD.  
The percent content of species on a mass basis, also referred to as the abundance, was used to 
compare the characteristics of the source profiles. 

There were no marked differences between source profiles collected in the winter and 
those collected in the summer.  In both PM10 and PM2.5 size ranges, all of the samples showed 
appreciable abundances of elements associated with geologic material: aluminum (Al), silicon 
(Si), potassium (K), calcium (Ca), and iron (Fe).  Abundances of organic and elemental carbon 
varied amongst samples.  For paved road dust, abundances of organic carbon varied between 
12% and 16% while those for elemental carbon varied between 1.2% and 2.3%.  In contrast, 
samples from unpaved roads had organic carbon abundances between 2.5% and 4.5% and 
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elemental carbon abundances that were less than 0.1%.  The enhanced carbon content of paved 
roads over unpaved roads was probably due to a combination of tire wear and exhaust particles 
that have deposited on the road surface.  While these two sources of carbon were probably also 
present on unpaved roads, they were significantly dwarfed by the amount of geologic material 
that is inherent to the road surface. 

Source profiles from road sanding material used by ACHD had 10 to 100 times higher 
abundances of soluble, sodium, chloride, and sulfate than winter source profiles from paved 
roads.  Material used for summertime chip-sealing had abundances of organic carbon that were 5 
to 10 times less than for summer paved road samples.  The source profile for chip-sealing 
material was similar to that from unpaved roads, perhaps making it difficult to distinguish the 
two during CMB modeling. 

8.5 Conclusions 

The results of this study have several important implications for road dust emissions.  
First, the potential of a road to emit dust appears to be highly dependent on the speed of the 
vehicles traveling on that road.  Practically, this means that both the “dirtiness” of the road and 
the speed at which vehicles travel are important and interconnected factors that control the 
emissions of particulate matter from roads. 

Second, the potential for roads in the Treasure Valley to emit PM10 dust is higher in the 
winter than in the summer.  This suggests that there are additional sources of road dust during 
winter conditions.  Wintertime road sanding may contribute to dust emissions.  Though low in 
silt content, sand applied to roads by the ACHD may be pulverized by passing vehicles and 
potentially serve as a reservoir for PM10 emissions.  However, tests conducted as part of the 
TVRDS indicated that road sanding is not likely to be the sole contributor to elevated wintertime 
road dust emissions.  Results from controlled experiments showed that road sanding increases 
emissions from paved roads for only a few hours before emissions return to their baseline, pre-
sanding values.  This was found to be true regardless of whether or not the road was cleaned with 
a street sweeper after sanding.  A mass balance approach can be used to reach the same 
conclusion.  Average winter day emissions for Ada County were 64 metric tons per day while 
annual average emissions were 46 tons per day.  Assuming a 90-day winter season, this means 
that approximately 1,600 additional tons of PM10 are emitted during the winter compared to the 
rest of the year.  The sanding schedule shown in Table 4-9 indicates that approximately 1,700 m3 
or 5,100 tons (assuming a density of sand equal to three times that of water) were applied to Ada 
County roads in the 2000-2001 winter season.  In order for the road sand to account for all the 
excess wintertime PM10 road dust emissions, more than one-third (33%) of the sand applied to 
Ada County roads must be emitted as particles with aerodynamic diameter less than 10 ? m.  
Though there are little data on the evolution of the size distributions of road dust over time, it 
seems highly unlikely that such a large fraction of road sand is emitted as PM10, especially since 
the sand is usually removed by street sweepers within 48 hours after application.  Therefore, 
there must be a significant source of wintertime road dust other than just road sand applied for 
traction control.  

One possible explanation for elevated emissions is that wetter conditions during the 
winter are more conducive to the trackout of mud from unpaved lots and driveways unto the 
paved road network.  Tracked mud can serve as a reservoir for PM10 emissions.  During the 
summer, when conditions are drier, trackout is expected to have a lesser role.  It is not possible to 
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determine at this time what fraction of the elevated wintertime road dust emissions can be 
attributed to road sanding or to trackout.  The ACHD already exercises an aggressive strategy for 
mitigating the effects of winter road sanding; sand with a low silt content is used and roads are 
cleaned with streets sweepers within 24 to 48 hours of sand application.  Pending the results of 
future work, this strategy constitutes a good preventive approach.  We note that this discussion 
has focused primarily on Ada County as there is not sufficient information to determine the 
extent or effects of road sanding in Canyon County. 

Third, while street sweepers used in Ada County work well for the removal of large 
debris and sand-sized grains, they do not appear to have an effect on a given road’s potential to 
emit PM10 dust.  It is important to stress that the tests conducted as part of this study only 
considered the short-term benefits of street sweeping.  There may be longer-term benefits that 
are not realized by the type of experiments presented here.  However, intensifying street 
sweeping activities or using different machinery is not recommended until further information 
about the efficiency of sweepers in reducing PM10 emissions has been determined. 

Fourth, based on the emissions inventories assembled here and in previous work (SAI, 
1997), unpaved road emissions are only a small fraction of total road dust emissions in the 
Treasure Valley.  Thus, treatment of unpaved roads with palliatives or dust suppressants is 
probably not effective in reducing valley-wide emissions from roads.  Note, however, that 
reducing emissions from unpaved roads can have a significant impact on air quality in the 
immediate vicinity of that road. 

Fifth, emissions inventories based on TRAKER street surveys, TVRDS silt 
measurements, and default AP-42 values are in remarkably good agreement considering the 
fundamental differences between the methods used.  Both the silt loading and the TRAKER 
method have been calibrated using the upwind/downwind technique.  However, using silt 
loading as a surrogate for road dust emissions draws on a database of emissions measurements 
that have been made over the years under a variety of conditions.  The TRAKER, on the other 
hand, uses real-time instruments to measure emissions potentials over a network of roads.  The 
ability of TRAKER to capture these variabilities makes it a useful tool for measurement of 
location-specific road dust emissions.  The TRAKER has the additional advantage that roadway 
speeds can be accounted for when calculating actual emissions.  We note however that the speed- 
dependent calibration of the TRAKER was performed on an unpaved road at speeds that are 
substantially lower than those typical for paved roads.   

Interestingly, though the silt loading method and the TRAKER method are in reasonable 
agreement when calculating the Treasure Valley inventory, it is quite likely that both of these 
methods overstate the amount of dust that is actually transported appreciable distances and then 
measured by PM10 monitors.  That is, a disconnect exists between the emissions measurements 
and the contribution of dust to ambient PM10.  This disconnect is well-documented elsewhere 
(Watson and Chow, 2000; Countess, 2001).  As part of the present study, a simplified model was 
used to assess the magnitude of this disconnect.  The preliminary results indicated that horizontal 
fluxes of PM10 can be diminished by as much as 65% within distances on the order of 500 – 
1500 meters downwind of the road. 

Sixth, in disagreement with a recent hypothesis put forth by a panel of dust experts 
(Watson and Chow, 2000), experiments conducted at Ft. Bliss, TX indicate that there is little 
difference in dust fluxes between 10 meters downwind of a road and 50 meters downwind.  It is 
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important to note that the experiments at Ft. Bliss were conducted during daylight hours on a flat, 
sparsely vegetated landscape and that dust fallout was only measured for distances up to 50 
meters from the road.  Clearly, dense vegetation and stable nighttime winds may have an effect 
on dust removal rates.  Longer range transport on the order of 1 to 5 km from the point of 
emission may also result in significant removal of dust particles.  Model results from the TVRDS 
indicated that the removal of particles by impaction is an extremely important pathway for the 
diminishment of horizontal fluxes of road dust PM10.  The model suggested that the fluxes of 
dust across a horizontal plane continue to decrease appreciably with downwind distances on the 
order of a kilometer.  From the standpoint of emissions and regional scale air quality models, this 
means that using the emissions factors measured at the side of a road (such as is done in AP-42 
as well as the current study) for input in urban or regional scale air quality models can result in a 
substantial over-prediction of the contribution of road dust to ambient PM10.  

8.6 Areas for Future Research 

Future research should focus on the processes that affect dust removal during transport 
from roads to ambient air quality monitors and the factors that affect the potential of a road to 
emit dust.  A disconnect still exists between the estimates of dust emissions from roads and the 
amount of dust that is found on filters from ambient PM10 samplers.  In particular, the effects of 
vegetation and atmospheric stability conditions on the removal of dust should be investigated.  
Future tower studies should also examine the horizontal fluxes of dust far from the emissions 
source (1 – 5 km). 

The results of this study showed that the potential of a road to emit dust is related to 
several factors such as speed, season, and setting.  While it is important to know these 
parameters, it is equally important to understand the mechanisms of where road dust originates 
from and how it is removed.  The TRAKER has been a useful tool in allowing for assessment of 
some of the factors that contribute to dust emissions.  In future studies, data points should be 
documented and flagged in real-time so that individual measurements are associated with a 
specific set of road conditions including whether or not the shoulders are paved, the lane of 
travel of the TRAKER, and the coincidence of a dust-source ingress/egress such as an unpaved 
road or a construction site.   

Re-assessment of the TRAKER signal horizontal flux calibration under paved road 
conditions is needed.  The work performed at Ft. Bliss has demonstrated the utility of using real-
time particle sensors for measuring emissions.  These measurements should be repeated to obtain 
more accurate emissions factors for paved roads.  Similarly, the relationship between emissions 
and vehicle weight should be revisited to determine more accurate factors for a variety of vehicle 
types.  

Road dust is a significant source of PM10 in the Western United States.  However, there is 
little hard evidence to support the effectiveness of mitigation measures.  Therefore, states or 
counties that are having difficulty meeting the National Ambient Air Quality Standards are 
forced to implement measures that have uncertain benefits.  The most important of these 
measures is street sweeping.  Most metropolitan areas use street sweepers to keep gutters and 
curbs free of debris.  The EPA allows some emissions credits for the use of street sweepers as 
mitigation of road dust emissions.  The effectiveness of street sweepers in reducing PM10 
emissions remains questionable.  It is important to comprehensively evaluate the ability of street 
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sweepers to reduce PM 10 emissions from roads, including sweepers that have been certified as 
“PM10 efficient” by California Rule 1186. 
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Figure A-1. Map of Sample Collection Locations.  Grey circles indicate paved road dust silt 
sampling.  Black circles are locations where unpaved road dust was collected. 
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Table A-1. Winter 2001 Silt Sampling Locations 

Site Field 
Sample ID Lab ID Sample 

Date Type Width 
(ft) 

Length 
(ft) 

Separation 
Between 
Sampling 

Locations (ft) 

Area per 
sampling 
location 

(m2) 

Total 
area 

for site 
(m2) 

Net Mass 
per 

sampling 
location (g) 

Total 
mass 

for site 
(g) 

BOISL001 RS562 3/1/2001 paved 12' 9" 10' 3" 50' 12.1 37.2 1568.6 2601 
BOISL002    13' 8" 9' 11"  12.6  625.6  

Riva Ridge 
North of 

Reutzel Dr. BOISL003    13' 7" 9' 11"  12.5  407  

BOISL004 RS565 3/3/2001 paved 10' 
11" 10' 0" 50' 10.1 30.2 199.2 620 

BOISL005    10' 
10" 10' 0"  10.1  190.1  

Apple St. 
Between 

Wright and 
LaFayette 

BOISL006    10' 9" 10' 0"  10.0  230.6  
BOISL007 RS568 3/4/2001 paved 8' 0" 30' 0" 20' 22.3 69.7 133.4 522 
BOISL008    8' 0" 30' 0"  22.3  139.9  

13th St. North 
of Hays 

BOISL009    9' 0" 30' 0"  25.1  248.4  
BOISL010 RS571 3/4/2001 paved 12' 7" 20' 0" 40' 23.4 71.2 210.1 907 
BOISL011    12' 7" 20' 0"  23.4  298.9  

Front St. 
Between 3rd 

and 5th BOISL012    13' 2" 20' 0"  24.5  398.3  
BOISL013 RS574 3/6/2001 paved 8' 8" 20' 0" 30' 16.1 49.5 288.5 708 
BOISL014    8' 10" 20' 0"  16.4  228.4  

West Park Dr. 
West of 

Milwaukee BOISL015    9' 2" 20' 0"  17.0  191.5  
BOISL016 RS577 3/6/2001 paved 11' 0" 30' 0" 40' 30.7 92.7 174.2 554 
BOISL017    11' 1" 30' 0"  30.9  166.9  

Maple Grove 
North of 

Tillamook BOISL018    11' 2" 30' 0"  31.1  213.3  
BOISL019 RS580 3/7/2001 paved 11' 8" 30' 0" 20' 32.5 97.3 348 978 

BOISL020    11' 
10" 30' 0"  33.0  359.3  

Garrity Blvd. 
Between 

Cavalry and 
11th BOISL021    11' 5" 30' 0"  31.8  270.5  

BOISL022 RS583 3/7/2001 paved 12' 9" 10' 0" 40' 11.8 36.7 198.2 603 
BOISL023    13' 3" 10' 7"  13.0  218.3  

Amity 
Between 

Colorado and 
Diamond BOISL024    12' 9" 10' 0"  11.8  186.3  

BOISL025 RS586 3/7/2001 paved 11' 4" 20' 0" 20' 21.1 63.2 1168.6 4343 
BOISL026    11' 4" 20' 0"  21.1  1045.3  

6th St. 
Between 6th 
Avenue and 

7th Ave BOISL027    11' 4" 20' 0"  21.1  2129  

BOISL034 RS589 3/6/2001 unpaved 15' 0" 1' 0" 150' 1.4 4.2 1566.4 7408 
BOISL035    15' 0" 1' 0"  1.4  2209.3  Howry 
BOISL036    15' 0" 1' 0"  1.4  3632.1  
BOISL037 RS592 3/17/2001 unpaved 15' 0" 1' 0" 100' 1.4 4.2 901 2728 
BOISL038    15' 0" 1' 0"  1.4  1103.5  

Cloverdale 
Farm Road 

BOISL039    15' 0" 1' 0"  1.4  723.7  
BOISL040 RS595 3/16/2001 unpaved 15' 0" 1' 0" 100' 1.4 4.2 1111.4 4351 
BOISL041    15' 0" 1' 0"  1.4  1466.9  Pierce Park 
BOISL042    15' 0" 1' 0"  1.4  1772.2  
BOISL057 RS599 3/7/2001 unpaved 15' 0" 1' 0" 100' 1.4 4.2 1099 3032 
BOISL058  3/7/2001 unpaved 15' 0" 1' 0"  1.4  837.5  

Unpaved 
Driveway Off 
Happy Valley BOISL059  3/7/2001 unpaved 15' 0" 1' 0"  1.4  1095.5  

ACHD TC 
Sand BOISL044 RS598  

De-icing 
grab 

sample 
N/A N/A N/A N/A N/A 2394 2394 
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Table A-2. Summer 2001 Silt Sampling Locations 

Site Field 
Sample ID Lab ID Sample 

Date Type Width 
(ft) 

Length 
(ft) 

Separation 
Between 
Sampling 

Locations (ft) 

Area per 
sampling 
location 

(m2) 

Total 
area 
for 
site 

(m2) 

Net Mass 
per 

sampling 
location 

(g) 

Total 
mass for 
site (g) 

BOISL028 RS622 7/12/2001 paved 12' 9" 10' 3" 50' 12.1 37.2 1064.5 1645 
BOISL029    13' 8" 9' 11"  12.6  402  

Riva Ridge North 
of Reutzel Dr. 

BOISL030    13' 7" 9' 11"  12.5  178  
BOISL053 RS623 7/13/2001 paved 10' 11" 10' 0" 50' 10.1 30.2 19 82 
BOISL054    10' 10" 10' 0"  10.1  24.7  

Apple St. Between 
Wright and 
LaFayette BOISL055    10' 9" 10' 0"  10.0  38  

BOISL045 RS624 7/13/2001 paved 8' 0" 30' 0" 20' 22.3 69.7 58 226 
BOISL046    8' 0" 30' 0"  22.3  58.5  

13th St. North of 
Hays 

BOISL047    9' 0" 30' 0"  25.1  109  
BOISL061 RS625 7/14/2001 paved 12' 7" 20' 0" 40' 23.4 71.2 80 314 
BOISL062    12' 7" 20' 0"  23.4  110  

Front St. Between 
3rd and 5th 

BOISL063    13' 2" 20' 0"  24.5  123.5  
BOISL050 RS626 7/14/2001 paved 8' 8" 20' 0" 30' 16.1 49.5 27 54 
BOISL051    8' 10" 20' 0"  16.4  16.5  

West Park Dr. 
West of Milwaukee 

BOISL052    9' 2" 20' 0"  17.0  10.5  
BOISL031 RS627 7/12/2001 paved 11' 0" 30' 0" 40' 30.7 92.7 32.5 136 
BOISL032    11' 1" 30' 0"  30.9  52  

Maple Grove North 
of Tillamook 

BOISL033    11' 2" 30' 0"  31.1  51  
BOISL067 RS628 7/17/2001 paved 11' 8" 30' 0" 20' 32.5 97.3 144.5 539 
BOISL068    11' 10" 30' 0"  33.0  251.5  

Garrity Blvd. 
Between Cavalry 

and 11th BOISL069    11' 5" 30' 0"  31.8  142.5  
BOISL064 RS629 7/17/2001 paved 12' 9" 10' 0" 40' 11.8 36.7 75.5 220 
BOISL065    13' 3" 10' 7"  13.0  73.5  

Amity Between 
Colorado and 

Diamond BOISL066    12' 9" 10' 0"  11.8  71  
BOISL070 RS630 7/17/2001 paved 1' 10' 20' 0.9 2.8 550.5 1155 
BOISL071    1' 10'  0.9  331.5  

6th St. Between 
6th Avenue and 

7th Ave BOISL072    1' 10'  0.9  273  
BOISL073 RS631 7/25/2001 unpaved 15' 0" 1' 0" 150' 1.4 4.2  7200 
BOISL074    15' 0" 1' 0"  1.4    Pierce Park 
BOISL075    15' 0" 1' 0"  1.4    
BOISL076 RS632 7/26/2001 unpaved 15' 0" 1' 0" 100' 1.4 4.2  1975 
BOISL077    15' 0" 1' 0"  1.4    

Cloverdale Farm 
Road 

BOISL078    15' 0" 1' 0"  1.4    
BOISL079 RS633 7/25/2001 unpaved 15' 0" 1' 0" 100' 1.4 4.2  3135 
BOISL080    15' 0" 1' 0"  1.4    

Road Near Lucky 
Peak Dam 

BOISL081    15' 0" 1' 0"  1.4    
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Figure A-2.  Map of Silt Loading Location: Riva Ridge North of Reutzel, Boise, ID. 
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Table A-3. Laboratory Silt Analysis of Winter 2001 Riva Ridge Drive Sample 
SAMPLE ID:  RS562     
Composite: Gross Weight Tape   
BOISL001 1610.1 clear   
BOISL002 667.1 clear   
BOISL003 448.5 clear   

Total 2725.7    
     

Sieving:     
 pan sample diff % diff 
     

Tare 343.1    
20 min 355.2 12.1   
30 min 363.7 20.6 8.5 41.3 
40 min 366.9 23.8 3.2 13.4 

    . 
     

Mass Determination     
     

Screen Tare weight (g) Final Weight(g) Net weight(g)  
 Sieves Sieves+sample Sample  

Lid 216.3 216.3 0.0  
1/4 inch 490.2 643.2 153.0  
4 mesh 444.2 584.6 140.4  
18 mesh 371.4 1867.3 1495.9  
30 mesh 444.5 745.2 300.7  
50 mesh 408.4 660.8 252.4  
100 mesh 383.9 467.5 83.6  
200 mesh 379.0 434.4 55.4  
Pan 343.1 366.9 23.8  
Total Stack (calc) 3481.0 5986.2 2505.2  

     
Total Stack (weighed) 3478.7 5984.1 2505.4  

     
     
     
     
     
 Silt Calculation    
 Total stack 5984.1   
 Tare stack 3478.7   
 Total sample 2505.4   
 Total silt 23.8   
 Silt % 0.95   
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Table A-4. Laboratory Silt Analysis of Summer 2001 Riva Ridge Drive Sample 
 
      
     
     
     
     
     
     
     
     
Sieving:         
  pan sample diff % diff
       
Tare 698.5      
20 min 730.9 32.4    
30 min 733.5 35 2.6 7.4
40 min 734.4 35.9 0.9 2.5
    . 
     
Mass Determination         
       
Screen Tare weight (g) Final Weight(g) Sample weight(g)   
       
Lid 216.1 216 -0.1  
1/4 inch 488.9 535 46.1  
4 mesh 445.7 477 31.3  
18 mesh 369.6 1068.6 699  
30 mesh 443.2 785.2 342  
50 mesh 408.2 690.7 282.5  
100 mesh 383.9 501.6 117.7  
200 mesh 378.9 441.2 62.3  
Pan (+400*) 698.5 734.4 35.9  
       
Total Stack 3833.4 5449.7 1616.3  
Total Stack+sample 5450.2      
     
     
     
 Silt Calculation   
 Total stack 5449.7  
 Tare stack 3833.4  
 Total sample 1616.3  
 Silt (<200) 35.9  
       
 Silt % 2.22  

 

 
Date: 8/22/01   
Technician: KAS 
Project:BOISE      
Sample ID:RS622    
BOISL028,029,030 
Gross weight of sample 1817.8____________    
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Figure A-3.  Map of Silt Loading Location: Apple St. between Wright and LaFayette, 
Boise, ID. 
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Table A-5. Laboratory Silt Analysis of Winter 2001 Apple St. Sample 
Sample ID:  RS565     
Composite: Gross Weight Tape   
BOISL004 240.7 clear   
BOISL005 231.6 clear   
BOISL006 272.1 red duct   

Total 744.4    
     

Sieving:     
 pan sample diff % diff 
     

Tare 343.1    
20 min 440.8 97.7   
30 min 453.5 110.4 12.7 11.5 
40 min 457.4 114.3 3.9 3.4 

    . 
     

Mass Determination     
     

Screen Tare weight (g) Final Weight(g) Net weight(g)  
     

Lid 215.9 215.4 -0.5  
1/4 inch 488.7 492.6 3.9  
4 mesh 444.0 446.7 2.7  
18 mesh 369.9 505.5 135.6  
30 mesh 444.7 505.8 61.1  
50 mesh 409.0 510.5 101.5  
100 mesh 383.8 468.7 84.9  
200 mesh 379.2 473.6 94.4  
Pan 343.1 457.4 114.3  
Total Stack  3479.0 3979.8 500.8  
Total Stack (with sample) 3979.9    

     
Total Stack (calc) 3478.3 4076.2   

     
     
     
     
 Silt Calculation    
 Total stack 3979.8   
 Tare stack 3479.0   
 Total sample 500.8   
 Total silt 114.3   
 % Silt (<200) 22.823   
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Table A-6. Laboratory Silt Analysis of Summer 2001 Apple St. Sample 
 
      
     
     
     
     
     
     
     
     
Sieving:         
  pan sample diff % diff
       
Tare 698.2      
20 min 709.9 11.7    
30 min 710.5 12.3 0.6 4.9
40 min 711.2 13 0.7 5.4
    . 
     
Mass Determination         
       
Screen Tare weight (g) Final Weight(g) Sample weight(g)   
       
Lid 216.2 216 -0.2  
1/4 inch 488.9 489.7 0.8  
4 mesh 445.8 445.8 0  
18 mesh 369.4 383.2 13.8  
30 mesh 443.5 448.8 5.3  
50 mesh 408.4 416.3 7.9  
100 mesh 384 391 7  
200 mesh 378.8 387.4 8.6  
Pan (+400*) 698.2 711.2 13  
       
Total Stack 3833.3 3889.4 56.1  
Total Stack+sample 3890.6      
     
     
     
 Silt Calculation   
 Total stack 3889.4  
 Tare stack 3833.3  
 Total sample 56.1  
 Silt (<200) 13  
       
 Silt % 23.17  

 

 
Date: 8/22/01   
Technician:KAS   
Project:BOISE      
Sample ID:RS623    
BOISL053,054,055 
Gross weight of sample _250.4___________    
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Figure A-4.  Map of  Silt Loading Location: 13th St North of Hays, Boise, ID. 
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Table A-7. Laboratory Silt Analysis of Winter 2001 13th St. Sample 
Sample ID:  RS568     
Composite: Gross Weight Tape   
BOISL007 174.9 clear   
BOISL008 181.4 clear   
BOISL009 289.9 clear   

Total 646.2    
     

Sieving:     
 pan sample diff % diff 
     

Tare 699.2    
20 min 770.6 71.4   
30 min 772.6 73.4 2 2.7 

 772.6 73.4   
    . 
     

Mass Determination     
     

Screen Tare weight (g) Final Weight(g) Net weight(g)  
     

Lid 216.5 216.4 -0.1  
1/4 inch 489.5 490.5 1  
4 mesh 444.7 444.3 -0.4  
18 mesh 373.4 411.0 37.6  
30 mesh 445.8 486.2 40.4  
50 mesh 409.1 478.8 69.7  
100 mesh 384.7 470.7 86  
200 mesh 379.3 481.5 102.2  
Pan + 400 699.2 772.6 73.4  
Total Stack  3838.4 4253.0 414.6  
Total Stack (with sample) 4253.4    

     
Total Stack (calc) 3842.2 4252 409.8  

     
     
     
     
 Silt Calculation    
 Total stack 4253   
 Tare stack 3838.4   
 Total sample 414.6   
 Total silt 73.4   
 % Silt (<200) 17.704   
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Table A-8. Laboratory Silt Analysis of Summer 2001 13th St. Sample 
 
      
     
     
     
     
     
     
     
     
Sieving:         
  pan sample diff % diff
       
Tare 698.4      
20 min 725.2 26.8    
30 min 726.9 28.5 1.7 6.0
40 min 0 -698.4 -726.9 104.1
    . 
     
Mass Determination         
       
Screen Tare weight (g) Final Weight(g) Sample weight(g)   
       
Lid 216 216 0  
1/4 inch 488.9 489.1 0.2  
4 mesh 445.8 445.9 0.1  
18 mesh 368.9 394.2 25.3  
30 mesh 443 477 34  
50 mesh 408.6 450.6 42  
100 mesh 383.8 413.9 30.1  
200 mesh 379.1 413.2 34.1  
Pan (+400*) 698.4 727.2 28.8  
       
Total Stack 3832.7 4027.1 194.4  
Total Stack+sample 4027.3      
     
     
     
 Silt Calculation   
 Total stack 4027.1  
 Tare stack 3832.7  
 Total sample 194.4  
 Silt (<200) 28.8  
       
 Silt % 14.81  

 

 
Date: 8/27/01   
Technician:KAS   
Project:BOISE      
Sample ID:RS624    
BOISL045,046,047 
Gross weight of sample 391.6____________    
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Figure A-5.  Map of Silt Loading Location: Front St. between 3rd and 5th, Boise, ID. 
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Table A-9. Laboratory Silt Analysis of Winter 2001 Front St. Sample 
Sample ID:  RS571     
Composite Gross Weight Tape   
BOISL010 251.6 clear   
BOISL011 340.4 clear   
BOISL012 439.8 clear   

Total 1031.8    
     

Sieving:     
 pan sample diff % diff 
     

Tare 343.0    
20 min 487.0 144.0   
30 min 505.6 162.6 18.6 11.4 
40 min 511.9 168.9 6.3 3.7 

    . 
     

Mass Determination     
     

Screen Tare weight (g) Final Weight(g) Net weight(g)  
     

Lid 215.6 215.9 0.3  
1/4 inch 489 492.7 3.7  
4 mesh 444 448.6 4.6  
18 mesh 375.5 590.4 214.9  
30 mesh 445 537.1 92.1  
50 mesh 408.6 505.2 96.6  
100 mesh 384.4 461.4 77  
200 mesh 379.3 490.7 111.4  
Pan 343 511.9 168.9  
Total Stack  3482.9 4251.1 768.2  
Total Stack (with sample) 4251.2    

     
Total Stack (calc) 3484.4 4253.9 769.5  

     
     
     
     
 Silt Calculation    
 Total stack 4251.1   
 Tare stack 3482.9   
 Total sample 768.2   
 Total silt 168.9   
 % Silt (<200) 21.986   
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Table A-10. Laboratory Silt Analysis of Summer 2001 Front St. Sample 
 
      
     
     
     
     
     
     
     
     
Sieving:         
  pan sample diff % diff
       
Tare 724.7      
20 min 748 23.3    
30 min 748.5 23.8 0.5 2.1
40 min 0 -724.7 -748.5 103.3
    . 
     
Mass Determination         
       
Screen Tare weight (g) Final Weight(g) Sample weight(g)   
       
Lid 222.5 222.4 -0.1  
1/4 inch 488.6 493.9 5.3  
4 mesh 445.7 451.2 5.5  
18 mesh 368.6 487.8 119.2  
30 mesh 431.4 481.8 50.4  
50 mesh 405.7 445.5 39.8  
100 mesh 378.7 398.3 19.6  
200 mesh 376 392.4 16.4  
Pan (+400*) 724.7 748.5 23.8  
       
Total Stack 3842.5 4121.8 279.3  
Total Stack+sample 4123.1      
     
     
     
 Silt Calculation   
 Total stack 4121.8  
 Tare stack 3842.5  
 Total sample 279.3  
 Silt (<200) 23.8  
       
 Silt % 8.52  

 

 
Date:8/27/01     
Technician:KAS   
Project:BOISE      
Sample ID:RS625    
BOISL061,062,063 
Gross weight of sample _438.5___________    
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Figure A-6.  Map of Silt Loading Location: West Park Dr. West of Milwaukee, Boise, ID. 
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Table A-11. Laboratory Silt Analysis of Winter 2001 West Park Dr. Sample 
Sample ID:  RS574     
Composite Gross Weight Tape   
BOISL013 331.0 masking   
BOISL014 269.9 gray duct   
BOISL015 233.0 clear   

Total 833.9    
     

Sieving:     
 pan sample diff % diff 
     

Tare 342.8    
20 min 396.8 54.0   
30 min 398.1 55.3 1.3 2.4 
40 min 398.6 55.8 0.5 0.9 

    . 
     

Mass Determination     
     

Screen Tare weight (g) Final Weight(g) Net weight(g)  
     

Lid 215.8 215.9 0.1  
1/4 inch 488.7 488.9 0.2  
4 mesh 444.0 444.6 0.6  
18 mesh 369.6 548.2 178.6  
30 mesh 444.4 607.1 162.7  
50 mesh 408.1 517.6 109.5  
100 mesh 383.6 427.8 44.2  
200 mesh 378.7 419.1 40.4  
Pan 342.8 398.6 55.8  
Total Stack  3479.4 4068.4 589.0  
Total Stack (with sample) 4068.5    

     
Total Stack (calc) 3475.7 4067.8 592.1  

     
     
     
     
 Silt Calculation    
 Total stack 4068.4   
 Tare stack 3479.4   
 Total sample 589.0    
 Total silt 55.8   
 % Silt (<200) 9.5   
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Table A-12. Laboratory Silt Analysis of Summer 2001 West Park Dr. Sample 
 
      
     
     
     
     
     
     
     
     
Sieving:         
  pan sample diff % diff
       
Tare 698.5      
20 min 703.1 4.6    
30 min 704 5.5 0.9 16.4
40 min 704.3 5.8 0.3 5.2
    . 
     
Mass Determination         
       
Screen Tare weight (g) Final Weight(g) Sample weight(g)   
       
Lid 216 216 0  
1/4 inch 488.9 488.9 0  
4 mesh 445.9 445.9 0  
18 mesh 367.5 381.7 14.2  
30 mesh 443.2 453.1 9.9  
50 mesh 408.4 413.3 4.9  
100 mesh 384 386.5 2.5  
200 mesh 378.9 382.1 3.2  
Pan (+400*) 698.5 704.3 5.8  
       
Total Stack 3830.3 3871.8 41.5  
Total Stack+sample 3872      
     
     
     
 Silt Calculation   
 Total stack 3871.8  
 Tare stack 3830.3  
 Total sample 41.5  
 Silt (<200) 5.8  
       
 Silt % 13.98  

 

 
Date:8/27/01     
Technician:KAS   
Project:BOISE      
Sample ID:RS626    
BOISL050,051,052 
Gross weight of sample ___180.4_________    
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Figure A-7.  Map of Silt Loading Location: Maple Grove North of Tillamook, Boise, ID. 
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Table A-13. Laboratory Silt Analysis of Winter 2001 Maple Grove Sample 
Sample ID:  RS577     
Composite: Gross Weight Tape   
BOISL016 215.7 clear   
BOISL017 208.4 clear   
BOISL018 254.8 clear   

Total 678.9    
     

Sieving:     
 pan sample diff % diff 
     

Tare 698.3    
20 min 846.7 148.4   
30 min 849.3 151.0 2.6 1.7 

 849.3 151.0   
    . 
     

Mass Determination     
     

Screen Tare weight (g) Final Weight(g) Net weight(g)  
     

Lid 215.9 216.2 0.3  
1/4 inch 488.6 489.6 1.0  
4 mesh 443.8 445.6 1.8  
18 mesh 371.5 432.5 61.0  
30 mesh 443.9 465.7 21.8  
50 mesh 408.1 460.1 52.0  
100 mesh 383.6 445.1 61.5  
200 mesh 378.9 456.1 77.2  
Pan + 400 698.3 849.3 151.0  
Total Stack  3834.8 4258.5 423.7  
Total Stack (with sample) 4258.4    

     
Total Stack (calc) 3832.6 4260.2 427.6  

     
     
     
 Silt Calculation    
 Total stack 4258.5   
 Tare stack 3834.8   
 Total sample 423.7   
 Total silt 151.0   
 % Silt (<200) 35.6   
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Table A-14. Laboratory Silt Analysis of Summer 2001 Maple Grove Sample 
 
      
     
     
     
     
     
     
     
     
Sieving:         
  pan sample diff % diff
       
Tare 724.5      
20 min 749.2 24.7    
30 min 749.6 25.1 0.4 1.6
40 min 0 -724.5 -749.6 103.5
    . 
     
Mass Determination         
       
Screen Tare weight (g) Final Weight(g) Sample weight(g)   
       
Lid 222 222.5 0.5  
1/4 inch 488.9 489.1 0.2  
4 mesh 445.9 446.4 0.5  
18 mesh 368.5 398.9 30.4  
30 mesh 431.3 445.3 14  
50 mesh 405.9 418.3 12.4  
100 mesh 378.6 389.5 10.9  
200 mesh 375.8 388.6 12.8  
Pan (+400*) 724.5 749.6 25.1  
       
Total Stack 3841.4 3948.2 106.8  
Total Stack+sample 3948.4      
     
     
     
 Silt Calculation   
 Total stack 3948.2  
 Tare stack 3841.4  
 Total sample 106.8  
 Silt (<200) 25.1  
       
 Silt % 23.50  

 

 
Date: 8/28/01   
Technician:KAS   
Project:BOISE      
Sample ID:RS627    
BOISL031,032,033 
Gross weight of sample _313.1g___________    
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Figure A-8.  Map of Silt Loading Location: Garrity Blvd. between Calvary and 11th, 
Nampa, ID. 
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Table A-15. Laboratory Silt Analysis of Winter 2001 Garrity Blvd Sample 
Sample ID:  RS580     
Composite: Gross Weight Tape   
BOISL019 389.5 clear   
BOISL020 400.8 clear   
BOISL021 312.0 clear   

Total 1102.3    
     

Sieving:     
 pan sample diff % diff 
     

Tare 698.6    
20 min 771.0 72.4   
30 min 774.5 75.9 3.5 4.6 
40 min 777.6 79.0 3.1 3.9 

    . 
     

Mass Determination     
     

Screen Tare weight (g) Final Weight(g) Net weight(g)  
     

Lid 216.1 216.1 0.0  
1/4 inch 489.3 493.0 3.7  
4 mesh 443.9 444.5 0.6  
18 mesh 371.3 484.2 112.9  
30 mesh 444.4 616.2 171.8  
50 mesh 408.8 626.9 218.1  
100 mesh 383.9 540.6 156.7  
200 mesh 379.1 509.9 130.8  
Pan + 400 698.6 777.6 79.0  
Total Stack  3834.7 4709.3 874.6  
Total Stack (with sample) 4709.5    

     
Total Stack (calc) 3835.4 4709.0 873.6  

     
     
     
     
 Silt Calculation    
 Total stack 4709.3   
 Tare stack 3834.7   
 Total sample 874.6   
 Total silt 79.0   
 % Silt (<200) 9.0   
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Table A-16. Laboratory Silt Analysis of Summer 2001 Garrity Blvd Sample 
 
      
     
     
     
     
     
     
     
     
Sieving:         
  pan sample diff % diff
       
Tare 698.5      
20 min 773.8 75.3    
30 min 775.9 77.4 2.1 2.7
40 min 0 -698.5 -775.9 111.1
    . 
     
Mass Determination         
       
Screen Tare weight (g) Final Weight(g) Sample weight(g)   
       
Lid 216 216 0  
1/4 inch 488.9 493.4 4.5  
4 mesh 445.9 450.4 4.5  
18 mesh 367.8 478.1 110.3  
30 mesh 443 549.6 106.6  
50 mesh 408.4 520.7 112.3  
100 mesh 383.5 443 59.5  
200 mesh 379 416.3 37.3  
Pan (+400*) 698.5 775.9 77.4  
       
Total Stack 3830.8 4343.4 512.6  
Total Stack+sample 4334.4      
     
     
     
 Silt Calculation   
 Total stack 4343.4  
 Tare stack 3830.8  
 Total sample 512.6  
 Silt (<200) 77.4  
       
 Silt % 15.10  

 

 
Date: 8/28/01   
Technician: KAS 
Project:BOISE      
Sample ID:RS628    
BOISL067,068,069 
Gross weight of sample ___692.3g_________    
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Figure A-9.  Map of Silt Loading Location: Amity between Colorado and Diamond, 
Nampa, ID. 
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Table A-17. Laboratory Silt Analysis of Winter 2001 Amity Sample 
Sample ID:  RS583     
Composite: Gross Weight Tape   
BOISL021 239.7 clear   
BOISL022 259.8 clear   
BOISL023 227.8 clear   

Total 727.3    
     

Sieving:     
 pan sample diff % diff 
     

Tare 698.8    
20 min 873.7 174.9   
30 min 879.1 180.3 5.4 3.0 
40 min 879.1 180.3   

    . 
     

Mass Determination     
     

Screen Tare weight (g) Final Weight(g) Net weight(g)  
     

Lid 216.2 215.8 -0.4  
1/4 inch 489.3 490.0 0.7  
4 mesh 444.4 446.5 2.1  
18 mesh 372.1 420.3 48.2  
30 mesh 444.3 472.5 28.2  
50 mesh 409.1 453.8 44.7  
100 mesh 384.2 431.9 47.7  
200 mesh 379.4 472.3 92.9  
Pan + 400 mesh 698.8 879.1 180.3  
Total Stack  3835.7 4282.2 446.5  
Total Stack (with sample) 4283.0    

     
Total Stack (calc) 3837.8 4282.2 444.4  

     
     
     
     
 Silt Calculation    
 Total stack 4282.2   
 Tare stack 3835.7   
 Total sample 446.5   
 Total silt 180.3   
 % Silt (<200) 40.4   
     

 



A-28 

Table A-18. Laboratory Silt Analysis of Summer 2001 Amity Sample 
 
      
     
     
     
     
     
     
     
     
Sieving:         
  pan sample diff % diff
       
Tare 724.4      
20 min 742.8 18.4    
30 min 744.8 20.4 2 9.8
40 min 745.6 21.2 0.8 3.8
    . 
     
Mass Determination         
       
Screen Tare weight (g) Final Weight(g) Sample weight(g)   
       
Lid 222.2 222.2 0  
1/4 inch 488.9 498.5 9.6  
4 mesh 445.9 454.1 8.2  
18 mesh 368.3 420.2 51.9  
30 mesh 431 455.1 24.1  
50 mesh 405.9 440.5 34.6  
100 mesh 378.3 403.9 25.6  
200 mesh 375.8 395.7 19.9  
Pan (+400*) 724.4 745.6 21.2  
       
Total Stack 3840.9 4035.8 194.9  
Total Stack+sample 4036.8      
     
     
     
 Silt Calculation   
 Total stack 4035.8  
 Tare stack 3840.9  
 Total sample 194.9  
 Silt (<200) 21.2  
       
 Silt % 10.88  

 

 
Date:8/28/01     
Technician:KAS   
Project:BOISE      
Sample ID:RS629    
BOISL064,065,066 
Gross weight of sample __373.4__________    
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Figure A-10.  Map of Silt Loading Location: 6th St. between 6th Ave and 7th Ave, Nampa, 
ID. 
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Table A-19. Laboratory Silt Analysis of Winter 2001 6th St. Sample 
Sample ID:  RS586     
Composite: Gross Weight Tape   
BOISL025 1210.1 clear   
BOISL026 1086.8 clear   
BOISL027 2170.5 clear   

Total 4467.4    
     

Sieving:     
 pan sample diff % diff 
     

Tare 698.3    
20 min 814.9 116.6   
30 min 853.0 154.7 38.1 24.6 
40 min 0.0 -698.3 -853.0 122.2 

    . 
     

Mass Determination     
     

Screen Tare weight (g) Final Weight(g) Net weight(g)  
     

Lid 215.8 216.1 0.3  
1/4 inch 489.1 499.7 10.6  
4 mesh 443.9 452.0 8.1  
18 mesh 371.2 574.7 203.5  
30 mesh 444.3 843.8 399.5  
50 mesh 408.8 1179.5 770.7  
100 mesh 384.2 647.3 263.1  
200 mesh 378.9 657.1 278.2  
Pan + 400 698.3 879.5 181.2  
Total Stack  3834.6 5948.7 2114.1  
Total Stack (with sample) 5948.8    

     
Total Stack (calc) 3834.5 5949.7 2115.2  

     
     
     
     
 Silt Calculation    
 Total stack 5948.7   
 Tare stack 3834.6   
 Total sample 2114.1   
 Total silt 181.2   
 % Silt (<200) 8.6   
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Table A-20. Laboratory Silt Analysis of Summer 2001 6th St. Sample 
 
      
     
     
     
     
     
     
     
     
Sieving:         
  pan sample diff % diff
       
Tare 698.6      
20 min 711.5 12.9    
30 min 712.4 13.8 0.9 6.5
40 min 712.5 13.9 0.1 0.7
    . 
     
Mass Determination         
       
Screen Tare weight (g) Final Weight(g) Sample weight(g)   
       
Lid 216 216 0  
1/4 inch 488.8 833.5 344.7  
4 mesh 445.8 641.9 196.1  
18 mesh 368.1 748.2 380.1  
30 mesh 442.9 514.5 71.6  
50 mesh 408.4 481.8 73.4  
100 mesh 383.7 422.7 39  
200 mesh 378.9 402.2 23.3  
Pan (+400*) 698.6 712.5 13.9  
       
Total Stack 3831.3 4973.3 1142  
Total Stack+sample 4973.5      
     
     
     
 Silt Calculation   
 Total stack 4973.3  
 Tare stack 3831.3  
 Total sample 1142  
 Silt (<200) 13.9  
       
 Silt % 1.22  

 

 
Date:8/29/01     
Technician:KAS   
Project:BOISE      
Sample ID:RS630    
BOISL070,071,072 
Gross weight of sample _1308.1g
___________    
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Figure A-11.  Sampling locations of unpaved road material:  Howry Road, Ada County, ID. 



A-33 

Table A-21. Laboratory Silt Analysis of Winter 2001 Howry Sample 
Sample ID:  RS589     
Composite: Gross Weight Tape   
BOISL034 1570.4 na   
BOISL035 2213.3 na   
BOISL036 3636.1 na   

Total 7419.8    
     

Sieving:     
splitter used before silt pan sample diff % diff 

     
Tare 698.6    
20 min 715.4 16.8   
30 min 735.9 37.3 20.5 55.0 
40 min 741.1 42.5 5.2 12.2 

    . 
     

Mass Determination     
     

Screen Tare weight (g) Final Weight(g) Net weight(g)  
     

Lid 215.8 216.3 0.5  
1/4 inch 489.2 1072.3 583.1  
4 mesh 444.2 647.2 203.0  
18 mesh 370.6 1691.2 1320.6  
30 mesh 444.1 1235.0 790.9  
50 mesh 408.4 1171.2 762.8  
100 mesh 383.9 449.8 65.9  
200 mesh 378.8 433.6 54.8  
Pan + 400 698.6 741.1 42.5  
Total Stack  3833.1 7656.4 3823.3  
Total Stack (with sample) 7656.7    

     
Total Stack (calc) 3833.6 7657.7 3824.1  

     
     
     
     
 Silt Calculation    
 Total stack 7656.4   
 Tare stack 3833.1   
 Total sample 3823.3   
 Total silt 42.5   
 % Silt (<200) 1.1   
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Figure A-12.  Sampling locations of unpaved road material:  Cloverdale Farm Road, Ada 
County, ID. 
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Table A-22. Laboratory Silt Analysis of Winter 2001 Cloverdale Farm Road Sample 
Sample ID: 592     
Composite: Gross Weight Tape   
BOISL037 918.0 NA   
BOISL039 1107.5 NA   
BOISL040 727.7 NA   

Total 2753.2    
     

Sieving:     
 pan sample diff % diff 
     

Tare 698.5    
20 min 727.2 28.7   
30 min 729.6 31.1 2.4 7.7 
40 min 731.2 1.6 0.8 2.6 

    . 
     

Mass Determination     
     

Screen Tare weight (g) Final Weight(g) Net weight(g)  
     

Lid 216.0 5215.8 4999.8  
1/4 inch 489.0 943.5 454.5  
4 mesh 444.3 554.5 110.2  
18 mesh 371.9 1052.7 680.8  
30 mesh 443.8 606.6 162.8  
50 mesh 408.6 513.0 104.4  
100 mesh 384.2 413.7 29.5  
200 mesh 379.4 398.1 18.7  
Pan + 400 698.5 731.2 32.7  
Total Stack  3835.1 5429.7 1594.6  
Total Stack (with sample) 1.0    

     
Total Stack (calc) 3835.7 10429.1 6593.4  

 5429.9    
     
     
     
 Silt Calculation    
 Total stack 5429.7   
 Tare stack 3835.1   
 Total sample 1594.6   
 Total silt 32.7   
 % Silt (<200) 2.1   
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Table A-23. Laboratory Silt Analysis of Summer 2001 Cloverdale Farm Road Sample 
 
      
     
     
     
     
     
     
     
     
Sieving:         
  pan sample diff % diff
       
Tare 698.5      
20 min 743.5 45    
30 min 759.2 60.7 15.7 25.9
40 min 779.6 81.1 20.4 25.2
    . 
     
Mass Determination         
       
Screen Tare weight (g) Final Weight(g) Sample weight(g)   
       
Lid 216 216 0  
1/4 inch 488.9 769.2 280.3  
4 mesh 445.6 512.5 66.9  
18 mesh 369.3 1379.7 1010.4  
30 mesh 443 685.1 242.1  
50 mesh 408.2 614.9 206.7  
100 mesh 383.6 423.5 39.9  
200 mesh 378.8 427.6 48.8  
Pan (+400*) 698.5 779.6 81.1  
       
Total Stack 3833 5808.1 1975.1  
Total Stack+sample 5807.8      
     
     
     
 Silt Calculation   
 Total stack 5808.1  
 Tare stack 3833  
 Total sample 1975.1  
 Silt (<200) 81.1  
       
 Silt % 4.11  

 

 
Date:8/29/01     
Technician:KAS   
Project:BOISE      
Sample ID:RS632    
BOISL076,077,078 
Gross weight of sample ____________    
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Figure A-13.  Sampling locations of unpaved road material:  Pierce Park Road, Ada 
County, ID. 
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Table A-24. Laboratory Silt Analysis of Winter 2001 Pierce Park Sample 
Sample ID:  RS595     
Composite: Gross Weight Tape   
BOISL040 1115.4 na   
BOISL041 1470.9 na   
BOISL042 1776.2 na   

Total 4362.5    
     

Sieving:     
splitter used before silt pan sample diff % diff 
Big rocks removed (79.7g)     
Tare 698.1    
20 min 703.4 5.3   
30 min 704.2 6.1 0.8 13.1 
40 min 705.8 7.7 1.6 20.8 

    . 
     

Mass Determination     
     

Screen Tare weight (g) Final Weight(g) Net weight(g)  
     

Lid 216.2 216.1 -0.1  
1/4 inch 489.6 559.3 69.7  
4 mesh 444.5 470.7 26.2  
18 mesh 371.8 1076.0 704.2  
30 mesh 444.6 562.1 117.5  
50 mesh 409.4 442.4 33.0  
100 mesh 384.0 391.8 7.8  
200 mesh 378.9 380.4 1.5  
Pan + 400 698.1 705.8 7.7  
Total Stack  3834.6 4803.6 969.0  
Total Stack (with sample) 4803.8    

     
Total Stack (calc) 3837.1 4804.6 967.5  

     
     
     
     
 Silt Calculation    
 Total stack 4803.6   
 Tare stack 3834.6   
 Total sample 969.0   
 Total silt 7.7   
 % Silt (<200) 0.8   
     

 



A-39 

Table A-25. Laboratory Silt Analysis of Summer 2001 Pierce Park Sample 
 
      
     
     
     
     
     
     
     
     
Sieving:         
  pan sample diff % diff
       
Tare 724.5      
20 min 750.5 26    
30 min 751.2 26.7 0.7 2.6
40 min 0 -724.5 -751.2 103.7
    . 
     
Mass Determination         
       
Screen Tare weight (g) Final Weight(g) Sample weight(g)   
       
Lid 222.5 22.5 -200  
1/4 inch 488.9 582.2 93.3  
4 mesh 445.9 472.8 26.9  
18 mesh 369 1198.4 829.4  
30 mesh 430.6 782.1 351.5  
50 mesh 406.2 894.2 488  
100 mesh 378.3 510.5 132.2  
200 mesh 376.1 424 47.9  
Pan (+400*) 724.5 751.2 26.7  
       
Total Stack 3841.5 5637.9 1796.4  
Total Stack+sample 5637.9      
     
     
     
 Silt Calculation   
 Total stack 5637.9  
 Tare stack 3841.5  
 Total sample 1796.4  
 Silt (<200) 26.7  
       
 Silt % 1.49  

 

 
Date:8/29/01     
Technician:KAS   
Project:BOISE      
Sample ID:RS631    
BOISL073,074,075 
Gross weight of sample: 1801.0g 1/4 of the sample 
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Figure A-14.  Sampling locations of unpaved road material:  Unpaved Driveway Off Happy 
Valley Road, Canyon County, ID. 
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Table A-26. Laboratory Silt Analysis of Winter 2001 Sample from Unpaved Driveway Off 
Happy Valley 
Sample ID:  RS599     
Composite: Gross Weight Tape   
BOISL057 1108.5 na   
BOISL058 837.0 na   
BOISL059 1094.4 na   

Total 3039.9    
     

Sieving:     
splitter used before silt pan sample diff % diff 

     
Tare 698.6    
20 min 720.9 22.3   
30 min 721.6 23.0 0.7 3.0 
40 min 721.6 23.0   

    . 
     

Mass Determination     
     

Screen Tare weight (g) Final Weight(g) Net weight(g)  
     

Lid 216.0 215.9 -0.1  
1/4 inch 488.9 537.7 48.8  
4 mesh 444.0 481.5 37.5  
18 mesh 372.5 1149.0 776.5  
30 mesh 445.0 782.3 337.3  
50 mesh 409.3 575.1 165.8  
100 mesh 384.0 421.2 37.2  
200 mesh 379.2 398.1 18.9  
Pan + 400 698.6 721.6 23.0  
Total Stack  3836.7 5283.6 1446.9  
Total Stack (with sample) 5284.7    

     
Total Stack (calc) 3837.5 5282.4 1444.9  

     
     
     
     
 Silt Calculation    
 Total stack 5283.6   
 Tare stack 3836.7   
 Total sample 1446.9   
 Total silt 23.0   
 % Silt (<200) 1.6   
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Table A-27. Laboratory Silt Analysis of Summer 2001 Sample from Unpaved road near 
Lucky Peak Dam. Map unavailable. 
 
      
     
     
     
     
     
     
     
     
Sieving:         
  pan sample diff % diff
       
Tare 724.7      
20 min 800.3 75.6    
30 min 802.1 77.4 1.8 2.3
40 min 0 -724.7 -802.1 110.7
    . 
     
Mass Determination         
       
Screen Tare weight (g) Final Weight(g) Sample weight(g)   
       
Lid 222.4 222.4 0  
1/4 inch 488.5 566.2 77.7  
4 mesh 445.9 506.1 60.2  
18 mesh 369.1 1138.4 769.3  
30 mesh 430.5 721.1 290.6  
50 mesh 405.9 602.5 196.6  
100 mesh 378.3 466.9 88.6  
200 mesh 375.9 428.4 52.5  
Pan (+400*) 724.7 802.1 77.4  
       
Total Stack 3841.8 5454.1 1612.3  
Total Stack+sample 5454.3      
     
     
     
 Silt Calculation   
 Total stack 5454.1  
 Tare stack 3841.8  
 Total sample 1612.3  
 Silt (<200) 77.4  
       
 Silt % 4.80  

 

 
Date: 8/30/01   
Technician:KAS   
Project:BOISE      
Sample ID:RS633    
BOISL079,080,081 
Gross weight of sample __3135.4g (only 1/2 of sample used) 
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Table A-28. Laboratory Silt Analysis of Sample of Road Sanding Material Procured from 
the Ada County Highway District 
Sample ID:  RS598     
Composite: Gross Weight Tape   
BOISL044: predry 2398.0    
BOISL044:postdry 2217.1    

     
     
     

Sieving:     
 pan sample diff % diff 
     

Tare 698.4    
20 min 699.3 0.9   
30 min 704.4 6.0 5.1 85.0 
40 min 704.9 6.5 0.5 7.7 

    . 
     

Mass Determination     
     

Screen Tare weight (g) Final Weight(g) Net weight(g)  
     

Lid 215.9 215.9 0.0  
1/4 inch 488.9 506.2 17.3  
4 mesh 444.1 506.9 62.8  
18 mesh 372.9 2282.8 1909.9  
30 mesh 444.4 501.6 57.2  
50 mesh 408.3 473.8 65.5  
100 mesh 383.6 457.8 74.2  
200 mesh 378.5 400.6 22.1  
Pan + 400 698.4 704.9 6.5  
Total Stack  3835.5 6048.0 2212.5  
Total Stack (with sample) 6048.0    

     
Total Stack (calc) 3835.0 6050.5 2215.5  

     
     
     
     
 Silt Calculation    
 Total stack 6048.0   
 Tare stack 3835.5   
 Total sample 2212.5   
 Total silt 6.5   
 % Silt (<200) 0.3   
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APPENDIX B. BOISE PRECIPITATION AND WIND SPEED SUMMARY 
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B.1 Precipitation 

Daily precipitation data is summarized for the Boise airport for the period Jan 1940-
October 2001.  Hourly wind speed data is summarized for the period January 1988-December 
1994. 

Average annual precipitation for the period 1940-2000 is 11.88” with a standard 
deviation of 2.43 inches.  Maximum annual precipitation was 18.77” in 1983; minimum was 6.64 
“ in 1966.  Table B-1 gives the fraction of days with precipitation 0.01” or more, the average 
daily precipitation, and the average precipitation for days with measurable precipitation. 
Table B-1.  Summary of precipitation statistics by month, Boise airport January 1940-October 2001. 

Month 

Fraction of 
days with 

0.25 mm or 
more 

precipitation  

Average daily 
precipitation 

(inches) 

Average daily 
precipitation 

when >0 

Jan 0.38 1.17 0.12 
Feb 0.36 1.04 0.11 
Mar 0.31 1.02 0.13 
Apr 0.28 1.02 0.15 
May 0.25 1.04 0.16 
Jun 0.20 0.74 0.15 
Jul 0.08 0.23 0.11 
Aug 0.08 0.23 0.12 
Sep 0.12 0.51 0.16 
Oct 0.19 0.66 0.14 
Nov 0.34 1.14 0.13 
Dec 0.37 1.12 0.12 

Annual 0.25 0.81 0.13 

Table B-1 shows that the frequency of precipitation peaks during winter, with November 
through February having measurable precipitation on more than one-third of the days.  There is a 
gradual drop off in precipitation frequency in the spring. In July and August only 8% of the days 
have measurable values.  Precipitation in September is also relatively infrequent; October is a 
transition month with frequency about mid-way between winter and summer.  As precipitation 
amounts are typically somewhat higher for days in the spring compared to winter, average daily 
precipitation is relatively constant from November through May, even through the frequency of 
precipitation days decreases in spring.  On a yearly average basis, 25% of the days have 
measurable amounts, with an average of 0.13” on those days.  Figure 1 shows a cumulative 
frequency distribution of amounts for days with measurable precipitation (25% of all days).  
About 50% of the days with precipitation have less than 0.08”.  Nearly 25% have only 0.01-
0.02”.  11% of the days with precipitation have >0.30”. 
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Figure B-1.  Cumulative frequency distribution of daily precipitation for days with measurable precipitation 
at Boise Airport January 1940-November 2001. 

Table B-2 and Figure B-2 summarize the persistence of days with precipitation.  Of the 
90 days per year with precipitation about 24 days each are in episodes with 1 or 2 consecutive 
days.  On average about 15 days per year are in episodes with 3 consecutive days; 10 days are in 
episodes with 4 consecutive days.  The maximum number of consecutive days on record is 16. 
However, the number of consecutive days with precipitation exceeded 8 days only 12 times in 61 
years. 
Table B-2.  Summary of precipitation persistence (consecutive days). 

Consecutive days 
with precipitation 

Number of 
occurrences 
(1940-2001) 

Total 
Days 

Occurrences   per 
year 

Days per 
year 

Cumulative 
days per year 

16 1 16 0.02 0.26 0.26 
15 1 15 0.02 0.24 0.50 
13 1 13 0.02 0.21 0.71 
12 2 24 0.03 0.39 1.10 
11 2 22 0.03 0.36 1.45 
10 1 10 0.02 0.16 1.62 
9 4 36 0.06 0.58 2.20 
8 12 96 0.19 1.55 3.75 
7 22 154 0.36 2.49 6.24 
6 34 204 0.55 3.30 9.53 
5 85 425 1.37 6.87 16.40 
4 163 652 2.63 10.53 26.93 
3 310 930 5.01 15.03 41.96 
2 742 1484 11.99 23.98 65.94 
1 1474 1474 23.82 23.82 89.76 
0 17049 17049 275.47 275.47 365.23 

Table B-3 shows information equivalent to Table B-2, except for snowfall days rather 
than precipitation (rain or snow).  For days with snowfall, the snowfall is on average equivalent 
to approximately 11 times the recorded liquid water equivalent.  This equivalence is probably 
understated since some of the days with recorded snowfall would have had a combination of 
both rain and snow. 
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Figure B-2.  Histogram of the number of consecutive precipitation days. 

 
Table B-3.  Summary of snowfall persistence (consecutive days). 

Consecutive days 
with snow 

Number of 
occurrences 
(1940-2001) 

Total Days Occurrences   per 
year 

Days per 
year 

Cumulative 
days per year 

8 1 8 0.02 0.13 0.13 
7 1 7 0.02 0.11 0.24 
6 4 24 0.06 0.39 0.63 
5 12 60 0.19 0.97 1.60 
4 22 88 0.36 1.42 3.02 
3 61 183 0.99 2.96 5.98 
2 196 392 3.17 6.33 12.31 
1 497 497 8.03 8.03 20.34 
0 21345 21345 344.89 344.89 365.23 

On average, about 20 days per year have measurable snow.  Fourteen of those are in 
episodes with durations of 1 or 2 days.  The maximum number of consecutive days with snowfall 
is 8.   

Table B-4 shows a summary of monthly snowfall.  December and January have the 
highest fraction of days with snow, about 20% each and the highest average monthly totals.  For 
days with snowfall, the average amount is one inch. 
Table B-4.  Summary of snowfall statistics by month, Boise airport January 1940-October 2001. 

Month 
Fraction of days with 

0.01” or more 
snowfall 

Average daily 
precipitation when 

>0 

Average monthly 
snowfall (inches) 

Jan 0.21 1.02 6.5 
Feb 0.13 0.98 3.6 
Mar 0.06 0.83 1.7 
Apr 0.02 0.90 0.6 
May 0.00 1.55 0.1 
Jun 0.00  0.0 
Jul 0.00  0.0 

Aug 0.00  0.0 
Sep 0.00  0.0 
Oct 0.00 0.75 0.1 
Nov 0.07 1.02 2.2 
Dec 0.19 1.06 5.7 

Annual 0.06 1.00 20.4 



B-5 

A.1 Wind speed  

The cumulative frequency distribution of wind speed is shown in Figure B-3.  Winds in 
the 4-8 mph range were most common, occurring 56% of the time. Calms occurred about 8% of 
the hours.  Sixteen percent exceeded 10 mph and 5% exceeded 14 mph.  The maximum recorded 
wind speed for the period was 30 mph. 
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Figure B-3.  Cumulative frequency distribution of wind speed (mph).   

Average wind speed by month is shown in Figure B-4.  Average wind speeds are highest 
in the spring (March-May) and lowest in December and January. 

Average wind speed by time of day (averaged over all months) is shown in Figure B-5. 
Wind speeds are low from about 9 pm through 8 am.  They increase steadily from 8 am to 1 pm 
and then more slowly to 4 pm.  From 5 to 9 pm winds subside steadily.  At night, surface-based 
inversions cause light winds by decoupling the surface air from winds aloft.  This results in 
stable atmospheric conditions overnight. As the mixing layer deepens during the day, higher 
momentum air is mixed down from aloft, increasing the surface wind speed.  Most of the growth 
in the mixed layer depth and increase in wind speed occurs by early afternoon.  Later in the 
afternoon, the mixed layer depth and surface wind speed increase more slowly.  Wind speed 
decreases later in the day as the inversion sets in.  Days are shorter in winter; therefore, 
compared to the average shown in Figure B-5 wind speeds decrease earlier in the evening and 
remain calm later into the morning. 
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Figure B-4.  Average wind speed by month. 
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Figure B-5.  Average windspeed by time of day. 
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APPENDIX C :  EMISSIONS INVENTORIES: YEARS 2000, 2010, 
2015, 2020, AND DECMBER JANUARY 1-9, 1991 AND DECMBER 
20-26, 1999 
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C.1 Treasure valley Road Dust Study Data Files 

The road dust emissions calculated as part of the Treasure Valley Road Dust Study (TVRDS) 
have been appended to the TVRDS final report in electronic format. The files are in Microsoft 
Excel 200 format and have been split up into three subcategories, each corresponding to a 
directory.  They are: “Emissions_by_TRAKER”, “Emissions_By_Silt_Loading”, and 
“Traffic_Demand_Model_Summaries”.  This appendix describes the contents of the electronic 
files.  Details of the data processing to arrive at these files are presented in the body of the 
TVRDS report. 
 

C.1.1 Emissions_by_TRAKER 

C.1.1.1 File and worksheet list: 

a. Dec20-26-1999_emissions_Inventory_By_TRAKER.xls 
i. Dec 20-23 (DS) 

ii. Dec 24 (DS) 
iii. Dec 25-26 (DS) 

b. Jan1-9-1991_emissions_Inventory_By_TRAKER.xls 
i. Jan_1-6;8-9 (DS) 

ii. Jan_7 (DS) 
c. Year_2000_Emissions_Inventory_By_TRAKER.xls 

i. 2000 (YS) 
d. Year_2010_Emissions_Inventory_By_TRAKER.xls 

i. 2010 (YS) 
ii. Jan_1-6;8-9 (DS) 

iii. Jan_7 (DS) 
e. Year_2015_Emissions_Inventory_By_TRAKER.xls 

i. 2015 (YS) 
ii. Jan_1-6;8-9 (DS) 

iii. Jan_7 (DS) 
f. Year_2020_Emissions_Inventory_By_TRAKER.xls 

i. 2020 (YS) 
ii. Jan_1-6;8-9 (DS) 

iii. Jan_7 (DS) 
 

C.1.1.2 File Contents 

These files contain link-level emissions in grams per day for Ada and Canyon Counties.  
Emissions are based on the TRAKER measurements described in Chapters 4 and 5.  Each file 
contains one or more worksheets with identical formats.  There are two types of worksheets: 
year-specific (YS) worksheets and day-specific (DS) worksheets.  The former contains data that 
apply to the entire year while the latter contain data that apply to specific days.  All emissions 
reported have been corrected for average precipitation conditions as described in Chapter 5.  
ALL EMISSSIONS ARE REPORTED FOR WEEKEDAYS ONLY. The Subdirectory 
“Traffic_Demand_Model_Summaries” contains additional information to allow calculation of 
weekend emissions.  The fields in the worksheets along with their descriptions are given below: 
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C.1.1.2a Field List for worksheets c.i, d.i, e.i, and f.i 

FID_1: Feature ID in Traffic Demand Model Database.  The feature ID and the projection year 
together uniquely identify a link in the traffic demand model . for files a. through c., the 
projection year (PROJ) is 2000. For files d. through f. the projection year is given in the filename 
(e.g., the projection year for “Year_2015_Emissions_Inventory_By_TRAKER.xls” is 2015).  
A: The ID number for the starting Node for the link 
B: The ID number for the Terminating Node for the link 
COUNTY: The county that the link is in. 1=Ada, 2= Canyon. 
Paved AWD PM10 : Average winter day PM10 paved road dust emissions from the link in Grams 
per day. 
Paved AWD PM2.5 : Average winter day PM2.5 paved road dust emissions from the link in 
Grams per day. 
Paved AAD PM10 : Annual average PM10 paved road dust emissions from the link in Grams per 
day 
Paved AAD PM2.5 : Annual average PM2.5 paved road dust emissions from the link in Grams per 
day 
Unpaved AWD PM10 : Average winter day PM10 unpaved road dust emissions from the link in 
Grams per day. 
Unpaved AWD PM2.5 : Average winter day PM2.5 unpaved road dust emissions from the link in 
Grams per day. 
Unpaved AAD PM10 : Annual average PM10 unpaved road dust emissions from the link in 
Grams per day 
Unpaved AAD PM2.5 : Annual average PM2.5 unpaved road dust emissions from the link in 
Grams per day 
 

C.1.1.2b Field List for worksheets a.i-iii, b.i-ii, d.ii-iii, e.ii-iii, and f.ii-iii 

FID_1: Feature ID in Traffic Demand Model Database.  The feature ID and the projection year 
together uniquely identify a link in the traffic demand model . for files a. through c., the 
projection year (PROJ) is 2000. For files d. through f. the projection year is given in the filename 
(e.g., the projection year for “Year_2015_Emissions_Inventory_By_TRAKER.xls” is 2015).  
A: The ID number for the starting Node for the link 
B: The ID number for the Terminating Node for the link 
COUNTY: The county that the link is in. 1=Ada, 2= Canyon. 
Paved PM10 : PM10 paved road dust emissions from the link in Grams per day. 
Paved PM2.5 : PM2.5 paved road dust emissions from the link in Grams per day. 
Unpaved PM10 : PM10 unpaved road dust emissions from the link in Grams per day 
Unpaved PM2.5 : PM2.5 unpaved road dust emissions from the link in Grams per day 
 

C.1.2 Emissions_By_Silt_Loading  

C.1.2.1 File and Worksheet List 

a. Year_1991_Emissions_Inventory_By_Silt.xls 
i. Emissions_By_Silt_Master_Table 

b. Year_2000_Emissions_Inventory_By_Silt.xls 
i. Emissions_By_Silt_Master_Table 
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c. Year_2010_Emissions_Inventory_By_Silt.xls 
i. Emissions_By_Silt_Master_Table 

d. Year_2015_Emissions_Inventory_By_Silt.xls 
i. Emissions_By_Silt_Master_Table 

e. Year_2020_Emissions_Inventory_By_Silt.xls 
i. Emissions_By_Silt_Master_Table 

 

C.1.2.2 File Contents 

These files contain link-level paved road dust emissions in grams per day of PM10 for Ada and 
Canyon Counties.  Emissions have been calculated based on silt loading measurements 
conducted as part of the TVRDS and silt loadings specified as default values in AP-42.  AP-42 
does not prescribe a method for correcting paved road dust emissions for precipitation.  
Therefore, no corrections have been applied to the emissions in these data files. Emissions have 
been calculated using three different sets of values for silt loadings.  “TVRDS1” uses silt loading 
values measured as part of the TVRDS with the assumption that silt loadings on freeways are 
equal to the AP-42 default value of 0.02 grams per square meter.  “TVRDS2” uses the same 
values as “TVRDS1” except that the silt loading on freeways is assumed to be the same as for 
arterials (1.9 and 0.5 grams per square meter for winter and average annual conditions, 
respectively).  “AP-42”   simply uses the default values for silt loading for all road classes.  ALL 
EMISSSIONS ARE REPORTED FOR WEEKEDAYS ONLY. The Subdirectory 
“Traffic_Demand_Model_Summaries” contains additional information to allow calculation of 
weekend emissions.  The fields in the worksheets along with their descriptions are given below: 
 

C.1.2.2a Field list for worksheets a.i, b.i, c.i, and d.i 

PROJ: The year corresponding to the Traffic Demand Model projection 
FID_1: Feature ID in Traffic Demand Model Database.  The feature ID and the projection year 
together uniquely identify a link in the traffic demand model.  
A: The ID number for the starting Node for the link 
B: The ID number for the Terminating Node for the link 
COUNTY: The county that the link is in. 1=Ada, 2= Canyon. 
TVRDS1_W_SL: Silt loading in Grams per square meter used to calculate winter conditions 
emissions factors as described in Equation 2-3 of the TVRDS report.  Silt loadings for freeways 
are assumed to be equal to the AP-42 default value of 0.02 grams per meter squared. 
TVRDS1_Ave_SL: Silt loading in Grams per square meter used to calculate average daily 
conditions emissions factors as described in Equation 2-3 of the TVRDS report.  Silt loadings for 
freeways are assumed to be equal to the AP-42 default value of 0.02 grams per meter squared. 
TRVDS2_W_SL: Silt loading in Grams per square meter used to calculate winter conditions 
emissions factors as described in Equation 2-3 of the TVRDS report.  Silt loadings for freeways 
are assumed to be equal to those for arterials, 1.9 grams per meter squared. 
TVRDS2_Ave_SL: Silt loading in Grams per square meter used to calculate average daily 
conditions emissions factors as described in Equation 2-3 of the TVRDS report.  Silt loadings for 
freeways are assumed to be equal to those for arterials, 0.5 grams per meter squared. 
AP-42_W_SL: Silt loading in Grams per square meter used to calculate winter conditions 
emissions factors as described in Equation 2-3 of the TVRDS report.  These are the default 
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values specified by AP-42 and do not correspond to any measurements conducted as part of the 
TVRDS. 
AP-42_Ave: Silt loading in Grams per square meter used to calculate average daily conditions 
emissions factors as described in Equation 2-3 of the TVRDS report.  These are the default 
values specified by AP-42 and do not correspond to any measurements conducted as part of the 
TVRDS. 
TVRDS1_W_E: PM10 winter conditions paved road dust emissions in grams per day calculated 
using TVRDS1 assumptions for silt loading 
TVRDS1_Ave_E: PM10 average day paved road dust emissions in grams per day calculated 
using TVRDS1 assumptions for silt loading 
TVRDS2_W_E: PM10 winter conditions paved road dust emissions in grams per day calculated 
using TVRDS2 assumptions for silt loading 
TVRDS2_Ave_E: PM10 average day paved road dust emissions in grams per day calculated 
using TVRDS2 assumptions for silt loading 
AP-42_W_E: PM10 winter conditions paved road dust emissions in grams per day calculated 
using AP-42 assumptions for silt loading 
AP-42_Ave_E: PM10 average day paved road dust emissions in grams per day calculated using 
AP-42 assumptions for silt loading 

C.1.3 Traffic_Demand_Model_Summaries 

C.1.3.1 File and worksheet list: 

a. TDM_2000_Summary.xls 
i. TDM_2000_Summary 

b. TDM_2010_Summary.xls 
i. TDM_Future_Summary 

c. TDM_2015_Summary.xls 
i. TDM_Future_Summary 

d. TDM_2020_Summary.xls 
i. TDM_Future_Summary 

e. Temporal_Correction_Factors.xls 
i. PM10 Plan Conversions 

C.1.3.2 File Contents 

Files a. through d. contain the link-level year-specific data for calculating road dust emissions. 
They contain fields for link speed, length, location, and setting. These four files are derived from 
the Traffic Demand Model network assembled by COMPASS for the years 2000, 2010, 2015, 
and 2020. File e. contains traffic volume correction factors to account for weekend/weekday and 
month to month differences. The data in file e. are needed to calculate emissions for specific 
days of the year. This file is derived from an Excel spreadsheet created by ENVIRON for 
calculating temporal variations in road dust emissions. 

C.1.3.2a Field list for worksheets a.i, b.i, c.i, and d.i 

PROJ: The year corresponding to the Traffic Demand Model projection 
FID_1: Feature ID in Traffic Demand Model Database.  The feature ID and the projection year 
together uniquely identify a link in the traffic demand model.  
A: The ID number for the starting Node for the link 



C-6 

B: The ID number for the Terminating Node for the link 
COUNTY: The county that the link is in. 1=Ada, 2= Canyon. 
Urban_rural: Designates whether or not a link is in an urban or rural area.  A description of the 
urban/rural criteria is given in Chapter 4 of the TVRDS 
Class: Designates the link as either “Local/Residential”, “Collector”, “Arterial”, or “Freeway” 
RD_Speed_meters_per_Second: The posted speed limit on the link. 
Link_Length_km: The length of the link in kilometers 
V1_1: The average weekday traffic volume on the link. 
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SETTLEMENT AGREEMENT

This Settlement Agreement (the “Agreement”) is entered into by and between the Idaho
Clean Air Force, an Idaho non-profit association, Erica Peterson, Barbara Gardner, Larry
McKinney, the Idaho Conservation League, the Committee for Idaho’s High Desert, the
Northern Rockies Chapter of the Sierra Club, and the Environmental Defense  (formerly
Environmental Defense Fund) (collectively, “Petitioners”), the United States Environmental
Protection Agency (“EPA”), the Community Planning Association of Southwest Idaho, an
Idaho nonprofit association created by joint powers agreement (“COMPASS”), and the
Idaho Department of Environmental Quality (“IDEQ”).  (EPA and COMPASS are
sometimes referred to collectively as “Respondents.”):

I. WHEREAS

A. On March 12, 1999, EPA rescinded the applicability of the PM-10
national ambient air quality standards (“NAAQS”) and existing non-
attainment designation for Northern Ada County, Idaho. 64 Fed. Reg.
12,257 et seq.

B. Petitioners challenged the action before the U. S. Court of Appeals for the
Ninth Circuit in Idaho Clean Air Force et al. v. EPA et al. Nos. 99-70259
and 70576. COMPASS was granted leave to intervene as a respondent
in the litigation.

C. On May 14, 1999, the U.S. Court of Appeals for the District of Columbia
Circuit decided American Trucking Associations et al. v. EPA, 175 F.3d
1027 (D.C. Cir. 1999), which vacated the new PM-10 standard
promulgated by EPA in 1997, the existence of which formed, in part, the
basis for rescinding the applicability of the old PM-10 NAAQS to Northern
Ada County.  Therefore, the Parties agree that EPA must take some
action to restore federal particulate matter regulation in Northern Ada
County.

D. On June 26, 2000, the EPA Administrator published a notice proposing to
reinstate the NAAQS for PM-10 and the nonattainment designation for
Northern Ada County, and to repeal 40 C.F.R. §50.6(d). 65 Fed. Reg.
39,321 (“June 26, 2000 proposal”). On December 13, 2000, EPA’s
Administrator signed a final rule repealing 40 CFR §50.6(d).

E. The purposes of this settlement are:

DEQ DEQ
Click on the Navigation Pane icon on the Menu Bar to view a navigable table of contents for this document.
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1. To resolve the litigation before the U.S. Court of Appeals for the
Ninth Circuit in  Idaho Clean Air Force et al. v. EPA et al; 

2. To prevent the disruption of transportation planning processes
and projects in Northern Ada County while responsible officials
prepare and submit to EPA for approval a maintenance plan for
PM-10 that includes a motor vehicle emissions budget,  and the
designated metropolitan planning organization adopts a long
range transportation plan and transportation improvement
program (“TIP”) that conforms to the maintenance plan, which is
required for EPA to redesignate Northern Ada County as
attainment for PM-10 in accordance with §§ 107(d)(3)(E) and
175A of the Clean Air Act (“CAA”);

3. To ensure that expected increases in PM-10 emissions from
motor vehicles in Northern Ada County are offset by emission
reduction measures, including offsets for a certain amount of
past emission increases, until a maintenance plan containing
motor vehicle emissions budgets is approved by EPA, and a
transportation plan and TIP that have been found to conform
pursuant to § 176(c) of the Clean Air Act and 40 CFR Part 93
are in effect; 

4. To ensure that potential increases in stationary source
emissions are subject to permitting rules comparable to those
that would apply if the area were designated nonattainment until
Northern Ada county is redesignated as attainment pursuant to
§ 107(d)(3)(E) and a maintenance plan containing motor
vehicle emissions budgets is approved by EPA; and

5. To ensure the attainment redesignation request for the Northern
Ada County former PM  nonattainment area meets the10

requirements of CAA §§ 107(d)(3)(E) and 175A. 

F. This agreement has been reached by all Parties to the litigation and
representatives of IDEQ and the Idaho Attorney General (hereinafter
referred to as the “Parties”).

G. IDEQ intends to develop and adopt by 2005 an air shed management
plan for the Treasure Valley (Ada and Canyon Counties).
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NOW, THEREFORE, all Parties agree

II. General Agreements

A. Dismissal and Reactivation of Pending Litigation. 

1. After final approval of this settlement agreement by EPA
pursuant to CAA §113(g) as provided in paragraph V.G.,
Petitioners and Respondents agree to support the issuance of
an order by the Ninth Circuit Court of Appeals (the “Court”)
dismissing the litigation without prejudice to their being
reactivated pursuant to the terms of this Agreement, but
retaining jurisdiction to reactivate the cases entitled Idaho
Clean Air Force, et al. V. EPA, et al., Nos. 99-70259 and
70576 (consolidated) (the “Pending Litigation”) upon the
occurrence of any of the trigger events set forth in Paragraphs
IV.A. or V.B., and to jointly propose the language of such order
for consideration by the Court.  If the Court enters an order
retaining jurisdiction to reactivate the Pending Litigation upon
non-performance of the terms of this Agreement, the right of
Petitioners and Respondents to reactivate shall extinguish
without further action not later than December 31, 2003, if not
exercised prior thereto.  The Parties consent to entry of an
order by the Court retaining jurisdiction to reactivate the
Pending Litigation as originally filed in the event that the various
obligations undertaken by the Parties and the State of Idaho
pursuant to this Agreement are not performed in accordance
herewith. 

2. If the Court considers the litigation on the merits at any time,
then EPA and COMPASS reserve jurisdictional arguments
previously asserted in their merits briefs.  The Parties agree
that in the event this Agreement is not finally executed by the
federal government on or before March 31, 2001, or EPA fails
to take final action on the June 26, 2000, proposal in
accordance with III.A.3., or if any of the actions required by IV.A.
or V.B.1.a. or b. of this Agreement are not completed within the
time allowed by this Agreement, or any of the events described
in V.B.3 occur on or before July 1, 2001, upon motion by
Petitioners these cases should be submitted to the Court for
decision on the briefs previously filed and the argument had on
June 8, 2000.  However, each party reserves the right to
request that the Court consider any additional arguments or
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relevant information at that time and every other party reserves
the right to oppose such a request. 

B. Rulemaking Activities.

All Parties will, in good faith, work toward (1) the adoption of the rules
attached as Attachment A and Attachment B; (2) the inclusion of these
rules as revisions to the currently applicable State Implementation Plan
(SIP) under Part D of the CAA limiting emissions from major stationary
sources and mobile sources during the interim period; and (3) the
development and submission to EPA of a request for approval of a
maintenance plan containing motor vehicle emissions budgets for PM-
10 and a request for redesignation of Northern Ada County as
attainment.

III. Dismissal of Litigation Subject to Reactivation: 

A. In the event the Court enters the order described in Paragraph II.A. 1.:

1. Petitioners’ right to reactivate the Pending Litigation shall
terminate if EPA takes final action on its June 26, 2000,
proposal to reinstate the NAAQS for PM-10 and the
nonattainment designation for Northern Ada County consistent
with the expectations identified in paragraph V. D. 

2. Petitioners’ right to reactivate the Pending Litigation shall
terminate in the event (a) Northern Ada County is redesignated
attainment for particulate matter; (b) EPA approves a
maintenance plan consistent with the final Agency action
contemplated under the terms of this paragraph that contains a
motor vehicle emissions budget for PM-10 and that meets all of
the requirements of CAA § 175A including but not limited to,
contingency provisions; and (c) a transportation plan and TIP
are adopted pursuant to this agreement and are found to
conform pursuant to CAA § 176(c) and 40 CFR part 93.  EPA
anticipates that any final rulemaking action approving a request
to redesignate Northern Ada County as attainment would
necessarily entail taking actions simultaneously to restore the
PM-10 standards described in 40 CFR §50.6 that formerly
applied to that area, and to reinstate the nonattainment status
of Northern Ada County consistent with the terms of CAA §
107(d)(4)(B), as a condition precedent of such redesignation to
attainment. Recognizing that EPA cannot legally bind itself to
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the content of a final rule, Petitioners agree that any such final
rule approving a request to redesignate Northern Ada County
as attainment in the manner and under the conditions described
above would render the pending litigation moot if the portion of
EPA’s action restoring the PM-10 standards described in 40
CFR § 50.6 that formerly applied to the area and reinstating the
nonattainment status of Northern Ada County consistent with the
terms of CAA § 107(d)(4)(B) becomes final.  If EPA takes such
final rulemaking action rendering the claims in the pending
litigation moot, Petitioners’ right to reactivate the Pending
Litigation shall terminate.  Neither such termination, nor
anything else in this Settlement Agreement, shall preclude
Petitioners’ right, which is expressly reserved, to file a new
lawsuit challenging the adequacy of EPA’s actions under
clause (a) and/or (b) of this paragraph, provided Petitioners
seek timely judicial review of such redesignation and/or plan
approval.

3. Petitioners may ask the Court to reactivate the litigation, and
the Parties agree that they will not oppose a motion requesting
reactivation of the litigation, in the event that:

a. EPA receives information demonstrating that one or
more events triggering EPA’s obligation to take final
action on its proposal to promulgate a final
reinstatement of the NAAQS and nonattainment
designation for PM-10 has occurred as set forth in
paragraphs V. B, or EPA fails to take one of the actions
required in paragraph V., and either b. or c. occurs; 

b. EPA fails to sign and forward to the Federal Register for
publication within sixty (60) days of receipt of the
information or the completion date for an action
described in section III.A.3.a; or

c. The final rule promulgated by EPA fails to reinstate the
NAAQS and nonattainment designation for PM-10
effective thirty (30) days following publication in the
Federal Register as anticipated under V.D. of this
Agreement.

B. This Agreement shall not take effect unless the Court enters an order
consistent with the provisions of Paragraph II.A.1. retaining its
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jurisdiction consistent with the terms of this Agreement.  The Parties
agree to work in good faith to obtain such order.

IV. IDEQ Actions:

A.     IDEQ will submit to EPA as revisions to the State Implementation Plan
rules on stationary and mobile source emissions not later than ten
days following adoption of the rules by the Board of Environmental
Quality, but in no event later than March 1, 2001.  The Parties agree to
work, in good faith, to obtain such adoption by the Board on or before
January 31, 2001.  Such rules shall not be materially changed in
substance from the draft rules attached hereto as Attachments A (New
Source Review of Major Stationary Sources) and B (Program to Limit
Increases in Emissions of Particulate Matter less than 10 microns in
size from Mobile Sources), unless modifications to the attached draft
rules are agreed to in writing by each party, or the change is circulated
to the Parties to this Agreement by e-mail and overnight delivery, and
no objection is made by any party within seven (7) days following
receipt thereof. If objections are made by any party that a proposed
change is material to the meaning or intent of the rule and not
acceptable, the Parties agree to discuss the proposed change within
five (5) days.  If agreement is not reached regarding mutually
acceptable changes to the rule, a final rule adopting such change shall
not satisfy the requirements of this paragraph.  The Parties expressly
recognize that IDEQ is obligated to review and respond to public
comment.  Such rules shall be adopted as pending rules pursuant to
Idaho Code Section 67-5224 and shall be submitted to the Idaho
legislature for its consideration and approval pursuant to Idaho Code
Section 39-118B and Title 67, Chapter 52.  By operation of law, the
rules will become effective and final upon the adjournment sine die of
the 2001 Idaho legislature unless rejected by the legislature. IDEQ
shall give notice of adjournment to EPA Region 10 within three (3)
working days following adjournment sine die.

B.    IDEQ will complete and submit to EPA no later than September 30,
2002, a maintenance demonstration and plan containing motor vehicle
emissions budgets for Northern Ada County and other measures
necessary to meet the requirements of CAA § 175A as part of an
application for redesignation of the former nonattainment area to
attainment under § 107(d)(3)(E) of the Clean Air Act.

C. All Parties recognize that various State governing bodies including the
legislature must act or have an opportunity to act upon such rules and
plans before they become final or legally effective and that the
representatives of IDEQ cannot bind the State of Idaho with regard to
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the final outcome before such bodies. If material changes (as defined
in paragraph IV.A.) are made to such rules, or such rules are
suspended or rendered ineffective by administrative, legislative or
judicial action at any time prior to the completion of the events
described in III.A. 1. or 2. hereof without the consent of the Parties,
such rules shall not be deemed consistent with the undertaking by the
State set forth in this agreement to promulgate final rules or to submit
a SIP revision to EPA for approval. 

D. The parties agree and acknowledge that, pursuant to the CAA, EPA
must approve or disapprove any proposed revisions to the State
Implementation Plan through notice and comment rulemaking
procedures. Nothing in this Agreement shall be read to suggest that
EPA has pre-approved any such revisions that may be proposed by
IDEQ.   In addition, the above-described procedures for resolving
objections to amendments to Attachments A and B to this Agreement
shall have no effect whatsoever on EPA’s authority to approve or
disapprove any proposed State Implementation Plan revisions that are
submitted to it under this Agreement. 

V. EPA Actions:

A. EPA will withhold final action on the June 26, 2000, proposed
reinstatement of the PM-10 NAAQS and nonattainment designation
for Northern Ada County in order to provide an opportunity for (1) Idaho
to adopt and submit to EPA within ten (10) days following final
adoption by the Idaho Board of Environmental Quality, but in no event
later than March 1, 2001, a revision to the currently applicable Idaho
State Implementation Plan under Part D, Title I of the CAA consisting
of rules on stationary and mobile source emissions not materially
changed (as defined in Paragraph IV.A.) from the proposed rules
contained in Attachment A and Attachment B hereof , (2) Idaho to
complete and submit to EPA no later than September 30, 2002, a
maintenance demonstration and plan for PM-10 containing motor
vehicle emissions budgets and other requirements (including
contingency provisions) in accordance with § 175A of the Clean Air
Act and a request to redesignate the area to attainment, and (3) EPA
to take final action on all elements of the submitted maintenance plan
and requirements and a request for redesignation of Northern Ada
County to attainment for PM-10 no later than September 30, 2003. 

B. 1.  EPA shall take final agency action on the portion of the June
26, 2000, notice of proposed rulemaking that would reinstate
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the PM-10 standard and the nonattainment designation for
Northern Ada County in accordance with the provisions of
paragraph V.D. following the deadline specified for each event
listed below, unless the actions specified in each of the
following subparagraphs has occurred by the specified date:

a. IDEQ submits the rules specified in Paragraph IV.A. to
EPA for approval of the revision to the Idaho State
Implementation Plan consistent with the provisions of
paragraph IV.A..

b. A notice of final rulemaking that approves the revisions
to the Idaho State Implementation Plan described in
paragraph IV.A. is signed by the authorized official of
EPA and forwarded to the Federal Register for
publication within one hundred twenty (120) days after
submission of the SIP revision by Idaho, provided
however, that EPA may, if necessary, delay such action
until thirty (30) days have elapsed following adjournment
sine die of the 2001 Idaho Legislature. 

c. IDEQ submits to EPA a maintenance demonstration and
plan in compliance with Paragraph IV.B.  

2. No later than September 30, 2003, an authorized official
of EPA shall sign a notice of final rulemaking and
forward it to the Office of the Federal Register for
publication, either—

(a) restoring the PM-10 standards described in 40 CFR § 50.6
that formerly applied to the area and reinstating the
nonattainment status of Northern Ada County consistent with
the terms of CAA § 107(d)(4)(B) as a precondition to
approving the maintenance plan for Northern Ada County,
approving such maintenance plan, and granting a request
for designation of the former nonattainment area to
attainment in accordance with § 107(d)(3)(E) of the Clean
Air Act, or

(b) taking final action on the proposed June 26, 2000, 
reinstatement of the NAAQS for PM-10.

3.   In addition to the above dates for taking final action on the
June 26, 2000, rulemaking proposal, and notwithstanding full
compliance with the obligations in V.B.1.of this Agreement,
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unless EPA has taken final action approving the request for
redesignation to attainment, EPA agrees to take final action on
its proposal to reinstate the PM-10 NAAQS and nonattainment
designation for Northern Ada County within sixty (60) days after
--

a.  any quarterly AIRS data submittal under 40 CFR §
58.35, in which a violation of the NAAQS for PM-10 [40
CFR § 50.6] (as if the PM-10 NAAQS were in effect in
Northern Ada County) is reported; or
b.  any administrative, legislative or judicial decision or
other action that repeals, suspends or otherwise renders
ineffective either of the rules required by paragraph IV.A.
to be adopted and submitted by Idaho as a revision to
the State Implementation Plan.

C. Any time period for actions required pursuant to V.B. may not be
extended except by written agreement of the Parties. 

D. Whenever EPA is required to take a final action on its June 26, 2000
proposal under the terms of this Agreement, EPA shall sign and
submit such notice to the Federal Register for publication no later than
sixty (60) days following the event giving rise to EPA’s obligation.
Although EPA cannot legally bind itself to the content of a final rule, the
Parties acknowledge that this Agreement is predicated on the
expectation that any such final rule will reinstate the NAAQS for PM-10
under CAA § 109 and the nonattainment designation for PM-10
pursuant to CAA § 107(d) effective no later than thirty (30) days
following publication of the final rule in the Federal Register. 

E. EPA intends to provide:  

1. FY 2000/2001 funds in the amount of $25,000 towards a public
education campaign to inform employers and the general
public in the Treasure Valley about the Commuter Choice
program, particularly its tax and air quality benefits.

2. FY 2000/ 2001 funds in the amount of $75,000 to EPA Region
X for funding technical assistance to Petitioners to resolve
technical issues raised by the Parties related to monitoring air
quality, determining meteorological conditions affecting the
dispersal of air pollutants, and estimating emissions and the
benefits of control measures. 
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3. FY 2000 /2001 funds in the amount of $50,000 to retrofit high
polluting diesel engines on fleet vehicles operated exclusively
or primarily in the Northern Ada County area.

4. In the event that EPA fails to provide these funds there will be
no consequences under this Agreement.

F. Petitioners’ Petitions for Review include claims for costs of litigation,
including reasonable attorneys’ fees, under section 307 of the Clean
Air Act.  If the Court grants the Parties’ request to dismiss these cases
while retaining jurisdiction to reactivate the same cases upon the
occurrence of any of the trigger events set forth in Paragraphs IV.A or
B, or V.B., then, without admitting any question of fact or law on this
issue, Petitioners and the United States agree to settle all of the
Petitioners’ claims for costs of litigation, including attorneys’ fees, for a
grand total of $139,119.15.  This amount will represent a full settlement
of Petitioners’ claims for costs of litigation, including reasonable
attorneys’ fees, as of the time the court enters the order dismissing the
cases as contemplated under the terms of this agreement.  Petitioners
shall not waive any claim for costs of litigation, including reasonable
attorneys’ fees, for efforts required to monitor and enforce
implementation of this Agreement after dismissal by the Court.  The
United States reserves its right to oppose any future claim or award of
costs of litigation, including attorneys’ fees, as well as the amount of
any such claim or award.      

G. The parties agree and acknowledge that before this proposed
Agreement can be finalized, EPA must provide notice in the Federal
Register and an opportunity for comment pursuant to Clean Air Act §
113(g), 42 U.S.C. §7413(g).  EPA will expeditiously prepare such
notice and forward it to the Office of Federal Register within ten (10)
days of lodging the proposed Agreement with the Court.  After this
proposed Agreement has undergone an opportunity for notice and
comment, the Administrator and/or Attorney General, as appropriate,
shall promptly consider any written comments received in determining
whether to withdraw or withhold consent to this proposed Agreement,
in accordance with section 113(g) of the Clean Air Act.  If the federal
government elects not to withdraw or withhold consent to this
Agreement, the federal government shall promptly notify the Office of
the Circuit Mediator and the Parties that the Agreement is a final
settlement agreement.   If the federal government elects to withdraw or
withhold consent to the proposed Agreement, then EPA shall promptly
notify the Office of the Circuit Mediator and the Parties of this fact.  In
that instance, the Parties agree that they will discuss whether the
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proposed Agreement can be amended in a manner that will allow the
federal government to provide its consent to the proposed Agreement. 
If no agreement regarding any necessary amendments is reached
within thirty (30) days, or if the federal government has not finally
executed this Agreement by March 31, 2001, then any party may
request that the Court take these cases under submission.

VI. COMPASS Obligations:

A. During the period of this Agreement and until EPA’s approval of a
maintenance plan and redesignation of Northern Ada County to
attainment, COMPASS agrees to implement, or obtain necessary
commitments to implement, control measures to comply with
Attachment B.  The first treatment of dust suppressant for FY 2000
emissions offsets to be achieved by dust suppression pursuant to the
mobile source rule (Attachment B) shall be applied prior to December
31, 2000. 

B. COMPASS agrees to implement a diesel engine retrofit program
pursuant to paragraph V.E.3. upon receipt of funding.

Dated:                       By:

Robert Yuhnke

Attorney for Idaho Clean Air Force, Erica
Peterson, Barbara Gardner, Larry
McKinney, Idaho Conservation League,
Committee for Idaho’s High Desert,
Northern Rockies Chapter of the Sierra
Club and Environmental Defense

Dated:                           
By:______________________________

Victoria Patton
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Attorney for Environmental Defense

Dated:                          By:

David A. Carson

United States Department of Justice

Attorney for the United States
Environmental Protection Agency

Dated:                             By:

Kenneth R. McClure

Givens Pursley LLP

Attorney for the Community Planning
Association of Southwest Idaho, an Idaho
nonprofit association created by joint
powers agreement

Dated:                            By:

Lisa Kronberg

Idaho Deputy Attorney General

Attorney for the Idaho Department of
Environmental Quality
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ATTACHMENT A

Stationary Source Rule

204. PERMIT REQUIREMENTS FOR NEW MAJOR FACILITIES OR MAJOR
MODIFICATIONS IN NONATTAINMENT AREAS AND IN THE FORMER PM-10
NORTHERN ADA COUNTY NONATTAINMENT AREA (AS DEFINED IN SECTION 582).
The provision specifically referencing the former PM-10 northern Ada County nonattainment
area in Section 204 shall expire by its terms and without further action when the EPA
designates the former nonattainment area as either attainment or nonattainment.  No permit
to construct shall be granted for a new major facility or major modification which is proposed
for location in a nonattainment area or in the former PM-10 northern Ada County
nonattainment area and which would be major for the nonattainment regulated air pollutant(s)
unless the applicant shows to the satisfaction of the Department all of the following:(        )

01. LAER. The new major facility or major modification would be operated at the
lowest achievable emission rate (LAER) for the nonattainment regulated air pollutant,
specifically: (4-5-00)

a. A new major facility would meet the lowest achievable emission rate at each
new emissions unit which emits the nonattainment regulated air pollutant; and (4-5-00)

b. A major modification would meet the lowest achievable emission rate at each
new or modified emissions unit which has a net emissions increase of the nonattainment
regulated air pollutant. (4-5-00)

02. Required Offsets. Allowable emissions from the new major facility or major
modification are offset by reductions in actual emissions from stationary sources, facilities,
and/or mobile sources in the nonattainment area so as to represent reasonable further
progress. All offsetting emission reductions must satisfy the requirements for emission
reduction credits (Section 460) and provide for a net air quality benefit which satisfies the
requirements of Section 208. If the offsets are provided by other stationary sources or
facilities, a permit to construct shall not be issued for the new major facility or major
modification until the offsetting reductions are made enforceable through the issuance of
operating permits. The new major facility or major modification may not commence operation,
and an operating permit for the new major facility or major modification shall not be effective
before the date the offsetting reductions are achieved. (4-5-00)

03. Compliance Status. All other sources in the State owned or operated by the
applicant, or by any entity controlling, controlled by or under common control with such person,
are in compliance with all applicable emission limitations and standards or subject to an
enforceable compliance schedule. (5-1-94)

04. Effect On Visibility. The effect on visibility of any federal Class I area, Class
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I area designated by the Department, or integral vista of a mandatory federal Class I area, by
the new major facility or major modification is consistent with making reasonable progress
toward remedying existing and preventing future visibility impairment, except that:
 (5-1-94)

a. New major facilities, or major modifications to major facilities, which are not
designated facilities and which do not emit or have the potential to emit two-hundred fifty (250)
tons per year, or more, of any regulated air pollutant are exempt. (4-5-00)

b. Any integral vista which the Federal Land Manager has not identified at least
six (6) months prior to the submittal of a complete application, or which the Department
determines was not identified in accordance with the criteria adopted pursuant to 40 CFR
Part 51.304(a), may be exempted by the Department. (5-1-94)

05. Definition of “Nonattainment Regulated Air Pollutant(s).”  For the
purposes of Section 204, the term “nonattainment regulated air pollutant(s)” shall be defined
to include the pollutant PM-10 in the former northern Ada County nonattainment area.

(        )
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ATTACHMENT B

Mobile Source Emissions Rule

582. INTERIM CONFORMITY PROVISIONS FOR NORTHERN ADA COUNTY
FORMER NONATTAINMENT AREA FOR PM-10.
The purpose of Section 582 is to implement part of the settlement of “Idaho Clean Air Force, et al. v.
EPA, et al.”   Section 582 requires that the growth in transportation related PM-10 emissions be offset
annually in the absence of federal transportation conformity requirements in the former PM-10
nonattainment area in northern Ada County, Idaho. Section 582 will remain in place until a PM-10
maintenance demonstration and maintenance plan containing a motor vehicle emissions budget can be
developed, submitted to the U.S. Environmental Protection Agency (EPA) and approved as meeting the
requirements of § 175A of the Clean Air Act, and the transportation plan and TIP for northern ADA
County has been found to conform to the applicable implementation plan.  The Department will prepare
a PM-10 maintenance plan within the agreed upon time frame to be submitted to EPA for approval.

(        )

01. Definitions.  Terms not specifically defined in Subsection 582.01 are defined in
Sections 565 and 566 of these rules. (        )

a. Annual Reduction Amount.  Represents the estimated, annual average increase in PM-
10 emissions in the former nonattainment area expected between the years 1997 and 2005 and is
calculated at seven hundred fifty (750) kg/day.(        )

 c. Settlement Agreement.  The settlement agreement approved by the Ninth Circuit Court
of Appeals to resolve “Idaho Clean Air Force, et al. v. EPA, et al.,” (Ninth Circuit Docket Nos. 99-
70289 & 99-70576). (        )

d. Emissions Reductions.  Reductions in emissions of PM-10 or PM-10 precursors to be
achieved by transportation control measures (as defined in 40 CFR 93.101) or other binding emissions
control measures.  Control measures adopted by the Metropolitan Planning Organization and approved
by the Department shall be enforceable obligations of the State Implementation Plan (SIP).(        )

e. Former Nonattainment Area.  That portion of northern Ada County designated as a
nonattainment area for PM-10 by 40 CFR 81.87 prior to March 12, 1999. (        )

f. Interim Period. The period beginning with the fiscal year commencing October 1, 2000,
until EPA approves a maintenance plan containing a motor vehicle emission budget for the former
nonattainment area and the Metropolitan Planning Organization adopts a transportation plan and TIP
that is found to conform in accordance with § 176(c) of the Clean Air Act and 40 CFR Part 93.

(        )
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g. Metropolitan Planning Organization (MPO).  For purposes of Section 582, Community
Planning Association of Southwest Idaho (COMPASS), or its successor organization, is the MPO for
the former nonattainment area.  (        )

h. Regionally Significant Project. A transportation project, other than an exempt project,
that is on a facility which serves regional transportation needs (such as access to and from the area
outside the region, major activity centers in the region, major planned developments such as new retail
malls, sports complexes, etc., or transportation terminals as well as most terminals themselves) and
would normally be included in the modeling of a metropolitan area's transportation network, including, at
a minimum: (        )

i. All principal arterial highways;(        )

ii. All fixed guideway transit facilities that offer an alternative to regional highway travel; and
(        )
iii. Any other facilities determined to be regionally significant through Section 570,

interagency consultation. (        )

02. Applicability.   The provisions of Section 582 shall apply during the interim period.  The
transportation conformity requirements of 40 CFR Part 93 applicable to nonattainment areas shall apply
to the former nonattainment area pursuant to 42 U.S.C. § 7506(c)(5) if the area is designated
nonattainment or attainment with an approved maintenance plan. The provisions of Section 582 shall no
longer apply after a maintenance demonstration and maintenance plan containing motor vehicle emissions
budget(s) for PM-10 is submitted by the Department as a State Implementation Plan (SIP) revision, has
been approved by EPA as meeting the requirements of § 175A of the Clean Air Act, and a
transportation plan and TIP have been found to conform to the applicable implementation plan pursuant
to 40 CFR Part 93. (        )

03. Adoption of Control Measures and Demonstration of Emissions Reductions.  
As a precondition to: (        )

a. The expenditure of any non-exempt federal transportation funds that would be
prohibited under a conformity lapse, (        )

b. The construction of any regionally significant projects that would be prohibited under a
conformity lapse, (        )

c. The execution by the Idaho Transportation Department or the Ada County Highway
District of any project agreements required by 23 U.S.C. § 106(a) that would be prohibited under a
conformity lapse, or (        )
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d. The execution of agreements with contractors to begin construction on a highway project
that is not exempt from a conformity determination pursuant to 40 CFR 93.126 and 93.127 during any
fiscal year during the interim period, the MPO shall:(        )

i. Demonstrate that the control measures adopted to achieve emissions reductions in prior
fiscal years have been implemented and will continue to be implemented during the next fiscal year,

(        )

ii. Demonstrate that the control measures adopted to achieve emissions reductions have
achieved the magnitude of emissions reductions expected as a result of the implementation of such
measures, (        )

iii. Adopt (subject to approval by the Department pursuant to Section 852.04) control
measures adequate to achieve emissions reductions reasonably calculated to reduce actual emissions
during the next fiscal year in the former nonattainment area by the annual reduction amount, at a
minimum, in addition to any emissions reductions required to be achieved prior to the beginning of such
fiscal year, and (        )

iv. With regard to control measures that will not be implemented directly by the MPO,
obtain written commitments from the responsible entities that the control measures will be implemented in
the manner and within the fiscal year required to meet the emission reductions.

(        )

04. Department Review.   Following adoption by the MPO, the control measures
designed to achieve the new emissions reductions for the next fiscal year, associated emissions
calculations, and the demonstrations required by Subsection 582.03 shall be submitted to the
Department no later than April 1 of each year.  The Department shall review and approve the
submission if the Department determines that the requirements of Subsection 582.03 are met in
accordance with the following.: (        )

i. The Department will respond to the submittal within thirty (30) days of receipt.  The
response may include approval of the submission, a request for further information, or conditional
approval of the control measures subject to submission of evidence that entities responsible for
implementation of the measures have adopted any ordinances, appropriations or other approvals needed
to complete the implementation of such measures.  If further information is required, such information
shall be submitted to the Department within thirty (30) days of request.  The Department shall take final
action to approve or deny the submission within ninety (90) days of the MPO’s submission of the
documentation required by Subsection 582.03; and

(        )

ii. The Department shall by July 1 of each year during the interim period provide to the
MPO, the Ada County Highway District Commissioners and the Idaho Department of Transportation a
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report listing the emissions control measures implemented and the emissions control measures planned
but not yet implemented for the then-current fiscal year, together with the Department’s written
determination as to whether the Emissions Reductions associated with such emissions control measures
satisfy the requirements under Section 582. (        )

05. First Year Emissions Reductions.  For the initial fiscal year to which Section 582
applies, the MPO shall adopt new control measures reasonably calculated to achieve emissions
reductions of two thousand (2000) kg/day. The MPO may take credit for any reductions in
transportation-related emissions of PM-10 that were actually achieved by the implementation of
enforceable control measures or other measures following March 12, 1999, and that continue to be
implemented during the interim period.(        )

06. Restrictions if Emissions Reductions Not Adopted.  If the MPO adopts control
measures for the purpose of achieving emissions reductions in a fiscal year, and the relevant local
governmental entities do not adopt the necessary implementing ordinances or appropriate necessary
funds, if any, by the beginning of the following fiscal year, the MPO shall not expend any non-exempt
federal transportation funds or construct any regionally significant projects, that would be prohibited
under a conformity lapse, in such following fiscal year until each of the relevant local governmental
entities, if any, take such actions as may be necessary to implement the control measures previously
approved by the MPO and the Department. (        )

07. Restrictions on TIP if Emissions Reductions Not Adopted or Achieved.   If:
(        )

a. Control measures required to achieve emissions reductions for a prior fiscal year have
not been implemented, or (        )

b. The Department does not approve the control measures submitted by the MPO as
adequate to achieve the required emissions reductions for any fiscal year, then:(        )

i. The MPO shall not submit any TIP or TIP revision for a project subject to the
requirements of Subsection 582.03, that would be prohibited under a conformity lapse, to the Idaho
Transportation Department for inclusion into the State Transportation Improvement Program or to
FHWA/FTA for approval, and 

(        )

ii. No new agreement for a project subject to the requirements of Subsection 582.03, that
would be prohibited under a conformity lapse, may be executed by the Idaho Transportation
Department or the Ada County Highway District until control measures adequate to achieve the total
emissions reductions required for any prior fiscal year are implemented and the control measures
adequate to achieve the total emissions reductions for the next fiscal year are approved.

(        )
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Public Comment Notice, Public Hearing Agenda, and  
Transcript of September 3 Public Hearing.   
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MAINTENANCE DEMONSTRATION MODELING 

WITH REVISED PAVED ROAD DUST ESTIMATES 
 
 
This Appendix provides a description of revised episodic and annual modeling that was 
undertaken to address an issue concerning future year estimates of paved road dust emissions.  
This issue was identified by COMPASS subsequent to the IDEQ submittal of the Northern 
Ada County PM10 SIP to the U.S. EPA, Region X. 
 
The specific problem identified by COMPASS was an error in Desert Research Institute’s 
application of COMPASS VMT growth rates to base year paved road dust emissions for the 
three future years of 2010, 2015, and 2020.  No errors were found for unpaved road dust.  
Resolution of the error resulted in a 12%, 17%, and 21% increase in annual average day 
paved road dust PM10 emissions in 2010, 2015, and 2020, respectively (based on sums over 
Ada plus Canyon Counties combined).  The original and revised fugitive (paved + unpaved) 
road dust emissions are shown in Table K-1 below.  Since these emission estimates were 
directly used in the episodic and annual PM10 Maintenance Plan demonstration modeling for 
Ada County, these errors may have ramifications for the PM10 modeling results as described in 
the main SIP document and associated appendices.  This appendix describes how the episodic 
and annual air quality modeling components of the PM10 maintenance plan were repeated with 
revised future year paved road dust emission estimates. 
 
 
Table K-1.  Original and revised annual average day fugitive (paved + unpaved) road dust 
PM10 emissions (TPY) in 2010, 2015, and 2020, for Ada and Canyon Counties combined. 
 

 2010 (TPY) 2015 (TPY) 2020 (TPY) 
Original* 32,483 36,533 40,514 
Revised 36,301 42,593 48,815 

*See Tables 4-4 through 4-6 in Section 4 of the SIP documentation. 
 
 
K.1  EPISODIC MODELING APPROACH 
 
As described in Section 6 and Appendix B, Section 7, of the SIP documentation, the 
meteorology of two historical PM10 episodes (January 2-9, 1991, and December 20-26, 1999) 
were used in conjunction with emission estimates for the three future years of 2010, 2015, and 
2020 to estimate future episodic PM10 levels in Ada County.  The purpose of this was to 
demonstrate that emission projections, in combination with control measures that are currently 
“on the books”, would not lead to any future exceedances of the 24-hour PM10 National 
Ambient Air Quality Standards.  The January 1991 period was the last actual PM10 exceedance 
recorded in Ada County, whereas the December 1999 period exhibited high (non-exceedance) 
PM10 levels during an intensive measurement period. 
 
Future year modeling with the January 1991 episode was performed with paved road dust 
estimates scaled down by a factor of 2.4 because this episode included widespread snow cover 
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(as determined via reconciliation with ambient monitoring data); unpaved road dust was 
completely removed for this episode for the same reason (see Section 6, and Appendix B, 
Section 7).  Therefore, the errors identified in the future estimates of road dust emissions 
would have little or no bearing on the outcome of modeling results for this particular episode.  
However, future year runs based upon the December 1999 meteorology did include full road 
dust emission estimates as there was no snow cover present.  Whereas future year modeling in 
conjunction with the December 1999 meteorology demonstrated that PM10 levels would remain 
below the 24-hour PM10 standard of 150 μg/m3 with no addition controls necessary, the errors 
in road dust emissions might cause projected PM levels to increase above the standard for 
some of the future years (although probably not all). 
 
Therefore, the December 1999 future year modeling was revised following the steps below: 
 

1) Revised projected annual average day paved road dust emission estimates were 
obtained from the Desert Research Institute via the IDEQ for the years 2010, 2015, and 
2020. 

2) These emissions were processed using EPS2 to generate episodic model-ready formats, 
and were merged with all other source estimates to generate new final model-ready 
input files.  Since the increases in revised paved road dust rates might lead to 
exceedances of the 24-hour PM10 standard using the December 1999 meteorological 
scenario, the 43% voluntary reduction in residential wood smoke emissions was 
applied in the revised modeling reported here.  The voluntary wood burning ban was 
not originally applied for the December 1999 forecasts described in Appendix B, even 
though PM10 levels reached the thresholds that would cause the IDEQ to call the 
voluntary ban1. 

3) The 2010, 2015, and 2020 cases were rerun through CAMx using the December 20-24, 
1999 meteorological period following the methodology described in Appendix B, 
Section 7.1.  

 
The emission modifications described in Appendix J were also not considered in the revised 
modeling reported here.  The Appendix J modifications included higher motor vehicle 
emissions budgets for NOx and VOC in 2010, and lower point source emissions in 2010 and 
2015 as a result of removing over-counted construction-related sources, reducing permit levels 
for two specific sources, and accounting for the sale of PM10 emission credits from Croman 
Corporation.  As shown in Appendix J, the higher motor vehicle budget in 2010 had 
practically zero impact on PM10 levels using the January 1991 meteorological scenario, and so 
the same was assumed here.  The altered point source emissions in 2010 and 2015 resulted in 
much lower PM10 levels in Ada County using the January 1991 meteorology (see Appendix J, 
Section J.2).  Thus, use of the original (Appendix B) point source inventory in the revised runs 
described here should yield a conservative (high) estimate of future PM10 levels for the 
conditions of the December 1999 meteorology. 

                                          
1 To summarize from Appendix B, Section 7.2, CAMx was run for the January 1991 case for all three future 
years with the voluntary wood burning ban in place.  While the rule calls for a voluntary ban in both Ada and 
Canyon Counties, controls were only applied to the modeling inventory in Ada County.  The voluntary wood 
burning ban was shown in Appendix B to be adequate to maintain the 24-hour PM10 standard in all future years, 
thus negating the need to run the model with the mandatory ban.  The three CAMx runs documented in this 
Appendix were all run with the voluntary wood burning ban in this manner for the entirety of the December 20-
24, 1999 period. 
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K.2  EPISODIC PM10 ESTIMATES FOR 2010, 2015, and 2020 
 
Table K-2 displays the predicted peak 24-hour PM10 in Ada County for each day of the 
December 1999 episode and for all three future years when the revised paved road dust 
estimates and voluntary burn ban was included in the emissions inventory.  Note that the 24-
hour PM10 standard is maintained in Ada County for all years. 
 
Figures K-1 through K-3 display the simulated domain-wide distribution of 24-hour PM10 on 
December 24, while Figure K-4 shows the speciated breakdown at BFS5 on December 24. 
 

Table K-2 
 

(A) Original predicted peak 24-hour PM10 (μg/m3) in Ada County in 2010, 2015, and 2020 
over the December 1999 meteorological episode (from Appendix B, Section 7.1). 
 

Date 2010 2015 2020 
Dec 20 110 114 117 
Dec 21 78 84 88 
Dec 22 84 88 95 
Dec 23 96 104 110 
Dec 24 127 139 143 

 
 
(B) Revised predicted peak 24-hour PM10 (μg/m3) in Ada County in 2010, 2015, and 2020 
over the December 1999 meteorological episode, which includes corrected paved road dust 
estimates and the 43% voluntary wood burning ban. 
 
 

Date 2010 2015 2020 
Dec 20 107 112 116 
Dec 21 76 81 89 
Dec 22 80 83 91 
Dec 23 91 99 107 
Dec 24 108 114 120 
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Figure K-1.  Spatial distribution of predicted 24-hour PM10 on December 24, 1999 for the 
revised 2010 future year case. 
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Figure K-2.  Spatial distribution of predicted 24-hour PM10 on December 24, 1999 for the 
revised 2015 future year case. 
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Figure K-3.  Spatial distribution of predicted 24-hour PM10 on December 24, 1999 for the 
revised 2020 future year case. 
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Figure K-4.  Speciated breakdown of total PM10 predicted at BFS5 on December 24, 1999 for 
the revised 2010, 2015 and 2020 future year cases. 
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K.3  REVISED ANNUAL PM10 ESTIMATES 
 
The annual PM10 modeling was performed using a speciated linear rollback methodology, as 
described in Appendix E.  Appendix E shows that the annual standard is not expected to be 
exceeded out to the year 2030.  In Appendix J, the changes to the on-road mobile NOx 
emission budget out to 2010 was applied to the rollback model for 2010 in order to ensure 
maintenance of the annual PM10 standard in the interim 1999-2010 period.  Besides showing 
that the annual standard is maintained in 2010 with the increased mobile emissions budget, 
there was relatively small sensitivity in nitrate levels to the assumptions of NOx- and 
ammonia-limited formation. 
   
The annual results described in Appendix E were adjusted to account for the corrected levels 
of paved road dust.  The factors of 1.12, 1.17, and 1.21 were applied to the geologic 
component for 2010, 2015, and 2020, respectively, based upon the increases in Ada and 
Canyon County paved road dust emissions that result from corrected VMT estimates.  The 
geologic component is actually comprised of contributions from paved road dust, unpaved 
road dust, construction activities, and agricultural activities.  Therefore, these factors to adjust 
the entire geologic component for increased pave road dust are rather conservative. 
 
Results of the revised annual estimates for 2010, 2015, and 2020 are summarized in Table K-
2.  The annual standard is maintained for all years. 
 
 

Table K-2.  The predicted levels by rollback model (μg/m3). 
 

Pollutant 2010 2015 2020 
Geologic – original 12.3 12.9 13.4 
Geologic - revised 13.8 15.1 16.2 
Organic 7.5 8.1 8.6 
Elemental Carbon 2.0 2.2 2.4 
Ammonium Sulfate 1.9 2.0 2.1 
Ammonium Nitrate 3.7 4.0 4.2 
PM10 35.5 38.3 40.8 
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