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Abstract

In the summer of 1994 the Crocker Nuclear Laboratory Air Quality Group found
increased PM 1 concentrations downwind of a California freeway, an urban roadway and a
heavily traveled intersection. While the freeway and urban roadway only increased
concentrations 5 to 7 mg/m?, the increase across the intersection was approximately ten times
greater, i.e. about 80 ny/m°. The emission rates from the freeway and the urban roadway were
estimated at 18 to 24 mg/VKT and 19 to 34 VKT, respectively. The emission rate from the
intersection was estimated to range from 259 to 1295 mg/VKT. The intersection study was a
preliminary experiment, however, and the majority of the intersection PM 1o emissions could not
be attributed to any particular source type.

In 1995, the Air Quality Group investigated paved road PM 1o emissions generated at
intersectionsin greater depth. We sampled at the same intersection with a more robust sampling
array, and we increased the duration and frequency of sampling to four samples per day for three
and one half days. The measured concentration change across the intersection in 1995 averaged
5 to 25 my/m° at the closest downwind sampler during typical summertime conditions. The
corresponding PM 5 concentrations increased by 0 to 13 ng/m?® at the closest downwind sampler.
The PM 1o emission rate estimate ranged from 84 to 389 mg/VKT, while the PM; 5 emission rate
estimate ranged from 10 to 142 mg/VKT. It should be noted that direct vehicular emissions were
not subtracted from the measured downwind increase, so that the measured "re-entrained" dust
emission factor is aslight overestimate.

These results indicate that the intersection is not likely to be a“PMj hot spot” unless the
background concentration is aready close to the 150 my/m® 24-hour standard. Furthermore, the
elevated concentrations extended less than 100 meters downwind of the intersection in most
cases. In other words, the concentrations at the far downwind sampling site (less than 100 meters
downwind of the intersection) were close to the upwind concentrations during most sampling
periods. The mgjor contributor to high concentrations near the intersection was background
PM o from the urban area.



I ntroduction

Federal conformity rules require that state agencies responsible for approval and/or funding of
transportation projects ensure that such projects conform to an approved or promulgated state
implementation plan and to all applicable state and federal air quality standards. Because of this
requirement, Caltrans needs to know whether “hot spots’ of PM 1o emissions exist at particular
roadway configurationsin California. If such “hot spots’ exist, road construction projects might
have to mitigate the PM 1o impacts. An earlier preliminary UC Davis sampling study suggested
that an intersection might be such a*“hot spot” of PM o emissions, so the study reported herein
was designed to investigate this possibility.

The U.S. Environmental Protection Agency has published procedures for calculating PM 1
fugitive dust emissions from paved roads in AP-42, “ Compilation of Air Pollution Emission
Factors.”* The predictive equation for the calculation uses roadway silt loading and average
vehicle weight asinput parameters. Silt loading is defined as the areal density of materia on the
road surface that passes through a 200 mesh (75mm) screen. The equation is not designed to
predict the emissions of particular vehicles or classes of vehicles. It also doesnot alow for site-
specific peculiarities, but is designed to be applied nationwide.

In an earlier Caltrans-funded UC Davis study, we found that the AP-42 equation predicted higher
emissions than we measured. We did not measure roadway silt loading during the earlier study,
but instead relied on the procedure outlined in AP-42 to search tables of measured roadway silt
loadings for roadways similar to those where we measured the emissions. The measured fugitive
dust emissions from a high-VMT freeway added only about 5 ny/m? to the overall 50 ng/m®
background. The predicted emissions were about an order of magnitude higher. In apilot study
carried out at an urban intersection, we found that the intersection added about 80 ng/m? to the
approximately 70 my/m? background. The predicted emissions are afactor of four or more higher
than the measured emissions. The measured mass at the intersection could not be accounted for
by the aerosol composition, however, leading us to suspect that there may be an additional source
of PM 1 (possible organic material) that was not measured. However, the poor agreement
between gravimetric and reconstructed mass could also be due to faulty mass measurements.
Although the filters were reweighed and reanalyzed, and provided results consistent with the first
analyses, it was not possible to repeat the pre-sampling weights. Nevertheless, the filter pre-
weights were in agreement with other filters from the same lot.

The purpose of the study described here was to conduct a detailed investigation of the
intersection to resolve some of the uncertainties associated with the earlier study. This study
included measuring silt loading on the approaches to the intersection, and time-resolved upwind-
downwind concentration measurements collected to facilitate calculating emission factors as a
function of the time of day.

M ethods

Sampling was carried out at the intersection of Stockton Boulevard and Florin Road in
Sacramento, CA from noon on August 23 through 9 p.m. on August 26, 1995. Table 1 showsthe



traffic and weather conditions during the tests. At the beginning of the study, we vacuumed
approximately 20 m? of the approach lanes to the intersection to obtain road surface silt loadings.
Note that the silt loading measurements were carried out upstream of the intersection. It wastoo
dangerous to vacuum the intersection itself, as there were vehicles present at nearly all times.

Tablel. Trafficand weather conditions during each measurement period
Test 1D Date | Start Time | End Time | Total Traffic Wind wind
(vehicles/ Speed Direction
hour) (m/s) (Degrees)
95-024 | 8/23/95 12:00 16:00 3,838 2.53+0.58 |234.9+158
95-025 | 8/23/95 16:00 19:00 4,517 350+042 |237.3+79
95-026 | 8/23/95 19:00 06:00 (8/24) 1,536 2.21+0.57 |200.4+24.9
95-027 | 8/24/95 06:00 10:01 2,417 245+0.60 |200.7+24.0
95-028 | 8/24/95 11:43 16:00 3,897 291+146 |237.7+11.9
95-029 | 8/24/95 16:00 20:55 3,973 3.01+0.52 |225.7+10.7
95-030 | 8/24/95 20:55 05:55 (8/25) 1,064 213+0.25 |182.7+14.2
95-031 | 8/25/95 05:55 10:01 2,221 2.28+0.53 |219.8+17.8
95-032 | 8/25/95 11:07 15:58 4,093 2732050 |232.0+129
95-033 | 8/25/95 15:58 21:00 4,479 2.83+0.64 |220.2+16.8
95-034 | 8/25/95 21:00 05:56 (8/26) 1,294 244 +0.36 |289.3+85
95-035 | 8/25/95 05:56 10:00 1,463 1.41+0.56 | 208.3+30.8
95-036 | 8/25/95 11:01 16:06 3,694 0.99+0.96 |280.6+63.0
95-037 | 8/25/95 16:06 19:00 3,699 1.96£0.46 | 237.0+19.1

Emission measurements

We used a modified upwind-downwind sampling method with a box model to calculate the
particle emission rates at the intersection. The traditional upwind-downwind method uses a
single sampler upwind and a single sampler downwind of aline source to measure the
concentrations. The effect of the source is found by subtracting the upwind concentration from




the downwind concentration. We modified the traditional upwind-downwind sampling method
to more accurately account for the vertical distribution of the particle flux and to examine the
concentrations at additional downwind locations. This sampling method with vertical
measurements is sometimes referred to as exposure profiling. The additional downwind
locations can be compared to a dispersion model or used directly to estimate downwind
deposition, dispersion, and transport. Appendix B shows the results of dispersion modeling
using the CALINE4 model with data collected in this measurement study.

Sampler placement

Figure 1 shows a schematic diagram of the Florin Road/Stockton Boulevard intersection and the
locations of the samplers. Note that the intersection is not at aright angle as the diagram
indicates. Florin Road runs E-W (90°-270°), but Stockton Boulevard actually runs slightly NW-
SE (160°-340°). The upwind site (U1) consisted of PMo and PM, s samplersat 3 metersand 9
meters above the ground. The near downwind site (D1) had PMo and PM, 5 samplers at these
same heights and a PM 1o sampler at 1m. It also had wind speed and temperature at 0.5m, 1m,
2m, 4m, and 8m, wind direction at 2m, and solar radiation at 2m. The D1 site also had a DRUM
impactor at 3m for detailed particle size data. The downwind D2 site had a PM 1o sampler at 3m,
and the downwind D4 site had both PM 19 and PM, 5 samplers at 3 meters.

The D1 sampling site was 9m downwind of the downwind corner of the intersection. The D2 site
was 50m downwind, and the D4 site was 88.5m downwind of the corner. Both these sites were
located in the parking lot of agrocery store. The upwind site, U1, was 49m upwind of the
upwind corner of the intersection near a hedge separating the tire store from a hamburger
restaurant.

Particle measurements

We measured particlesin the PM ;o and PM» 5 size ranges with Single IMPROVE Modules
(Eldred, 1988) designed for this purpose. Figure 2 shows a diagram of the PM,s module. The
particle size cut on this sampler is obtained by a cyclone of the AIHL (State of California Air and
Industrial Hygiene Laboratory) design with a2.5 mm Dsp. The PM;o module is similar, but the
particle sizing is accomplished by a Sierra-Anderson PM g inlet instead of the cyclone illustrated.
We made detailed particle size measurements at the first downwind location using a multistage
DRUM impactor configured to collect particlesin four size ranges; 0.07-1.15 nm, 1.15-2.5 mm,
2.5-5mMm, and 5-10 mm.

M eteor ological measurements

We measured meteorological parameters continuously at the downwind D1 site. These
parameters included wind speed and temperature at 0.5m, 1m, 2m, 4m, and 8m above the
surface, and wind direction and radiation at 2m. The data were recorded on Campbell Scientific
CR-10 dataloggers in 10-minute averages. These battery powered, automatic weather stations
and their sensors meet all federal (EPA PSD standards) and state agency requirements.



Road silt loading measur ements

We collected the road surface material using a Hoover Porta-Power 11 canister vacuum, model
number S1315, with removable bags (type R) using the procedure described in AP-42, Appendix
D. We vacuumed an area of 20 to 25 m? across all lanes approaching the intersection from each
direction. The area vacuumed extended from the curb on the inside edge of the road to the gutter
at the outside edge at alocation next to the traffic counter hose. The vacuum cleaner bags were
weighed before and after use, and the mass collected was obtained by difference. We sieved the
sample according to the procedure recommended by the EPA in AP-42, Appendix E to separate
the silt fraction. Thisfraction is defined as the amount of material that passes through a 200
mesh (75 nm) screen. The silt loading is defined as the mass of that material divided by the area
vacuumed.
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Figurel. Sampling siteat Florin Road and Stockton Boulevard showing the locations of
the upwind and downwind samplers (not drawn to scale or exact geometry).
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Figure2. IMPROVE PM ;s sampling module.
Results

Traffic

Sacramento County monitored traffic volume using hose counters at all four approaches to the
intersection. The traffic counts began at 10:00 am. on Wednesday, August 23 and ended at 2
p.m. on Monday, August 28. The counts were recorded hourly. UC Davis staff supplemented
the automatic counts with a manual count for ten minutes each hour. Figure 3 shows the traffic
volume at each of the approaches to the intersection. Each approach carried a similar volume of
traffic.

Road surface silt loading

Table 2 shows the surface loading and silt loading measurements for each of the approachesto
the Florin Road/Stockton Boulevard intersection. Note that the westbound Florin Road loading
was significantly higher than the other approaches. It is not clear why this was the case, although
there may have been aheavy deposit of material near the edge of the traveled lanes that was



picked up in the vacuum cleaner. The size distribution of the surface loading did not vary
appreciably between the four approaches sampled, so the higher weight on the westbound lanes
was not caused by a small amount of very large particles.

M eteor ology

The meteorology was generally consistent throughout thetest. A front moved through on
Saturday, though, and the effect on the wind direction can be clearly seenin Figure 4. Thewind
direction was near the ideal 225° during most of the daylight hours. During the night, the wind
direction was more from the south, so the effect of Stockton Boulevard traffic was less
pronounced. The stability parameter WDSTD indicates that the winds were acceptable for al
time periods except Saturday afternoon from noon to 4:00 p.m. During this time the wind
direction fluctuated rapidly, violating our requirement for stable winds.
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Figure3. Trafficvolumeat thefour approachesto the Florin Road/Stockton Boulevard inter section

The wind speed showed a diurnal variation with alow of about 2m/s during the night and a high
of nearly 5m/s during the day, as shown in Figure 5. Note that there are several time periods with
missing data at 8m that correspond to the times when the tower was lowered to service the
aerosol samplers. The 3m anemometer, wind vane, and thermometer were located on a separate
stand that was not disturbed throughout the experiment. The wind speed at 8m was higher than at
3m, as expected. This pattern was consistent for each day except Saturday when the front passed
through. During this time the wind speeds dropped to lower values than we observed on the
other days.



Table 2.

Silt loading on the approachesto the Florin Road/Stockton Boulevard

intersection
Road Collection| Area |Moisture| Silt Silt Surface
Date [Vacuumed| (%) (%) | Loading | Loading
(m?) (g/m?) (g/m?)
Florin Road East 08/23/95| 20 042 | 3.99| 0.0543 1.421
(Westbound)
Florin Road West 08/23/95| 20 0.71 | 2.65| 0.0034 0.139
(Eastbound)
Stockton Boulevard 08/23/95| 21.9 122 | 4.44| 0.0016 0.045
South (Northbound)
Stockton Boulevard 08/23/95| 24.6 0.43 | 2.32| 0.0020 0.090
North (Southbound)
Average 069 335 0.015 0.424
Sandard Deviation +0.38 +1.02 +0.026 +0.666
360 |
315 +
270 .
225 7 !
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p— 80 4
(]
a
135 +
9 WD@3m
WDSTD@3m
45
0 —— -ttt
2 Wednesday Thursday 1o Friday ®  Saturday
3 8/23/95 i 8/24/95 i 8/25/95 3 8/26/95
Time (hhmm)
Figure4. Wind direction and standard deviation during the test periods




The temperature and relative humidity also showed a pronounced diurnal variation (Figure 6).
The 3m and 8m temperatures tracked each other quite closely, and varied between 30-35°C
during the day and 15°C at night. The relative humidity varied inversely with the temperature, as
expected, and ranged from alow of about 20% during the day to a high of 65-80% at night.

Particulate M atter Concentrations

The PM 1o mass concentrations are shown in Table 3 for each sampler location and time period,
along with the meteorology and traffic data. The concentrations measured at D1, the downwind
location corresponding to the downwind site sampled in 1994, are lower than the 1994
measurements. The highest concentration measured was 68.1 ny/m® at the 3m height on August
23 from 4:00 to 7:00 p.m. Thelargest PM 1 increase across the intersection, 29 ng/m?, also
occurred at the 3m height on August 23 from 4:00 to 7:00 p.m. Anincrease of about the same
magnitude occurred on the same day from noon to 4:00 p.m. at the D1 9m height and at the D2
site.

The PM 5 mass concentrations are shown in Table 4 for each sampler location and time period.
The highest concentration, 23.9 ny/m®, was measured at the D1 site at 3m on August 24 from
11:43 am. to 4 p.m. Thisalso corresponded to the highest increase in PM, s mass across the
intersection, 13.3 ny/m°.

The upwind PM 1o concentrations were consistent with each other (within +£9%) for all sampling
periods except Saturday, August 26, from 11 am. to 4 p.m. During that period the wind shifted
numerous time, as shown in Figure 4. Interestingly, the PM2 s mass concentrations at the upwind
site were not as consistent as the PM 1o concentrations. Normally, we would expect the PM, 5
concentrations to be more uniform vertically than the PM o concentrations. For this study, the
upwind 9m PM 5 concentrations were about 20% lower, on average, than the 3m concentrations.
The largest difference (50%) occurred on Saturday, August 26, from 11 am. to 4 p.m.

Figure 7 shows the average PM 1o and PM 5 concentrations at the first downwind site for each
time period of the test (averaged over all three heights). Thereis apronounced diurnal variation
for PMyo, as expected, with lower concentrations during the nighttime hours. The PM5 5
concentrations do not show much diurnal pattern. Particlesin that small size range do not
deposit as quickly asthe larger particles.

Figure 8 shows the average PM 1o and PM s concentrations of the composite variables soil, soot,
organic matter, and sulfate. These composites are calculated from the elemental concentration
measurements based on formulas used in the Interagency Monitoring of Protected Visual
Environments (IMPROVE) program. The soil composite is primarily in the coarse mode
between 2.5 and 10 mm in aerodynamic size, as we would expect from a soil source. The soot
composite is almost evenly split between the two modes, with a dlightly higher fraction in the
finemode. The organic matter isaso evenly split. Thisindicates that there is a coarse mode
source that is not likely to be from combustion. Combustion generally produces finer particles,
especially near the source where these samples were collected. The sulfate composite is mostly
in the fine mode, as we expect from its chemistry. Sulfate particles are primarily formed in the
atmosphere from gas reactions.
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Figure 9 shows the mass concentrations of zinc and lead, two heavy metals that were present in
concentrations above the minimum detectable limit nearly all the time. Zinc was present mostly
in the coarse mode while lead was more evenly split between the coarse and fine mode. We do
not know the source of zinc in this case. Lead was once a good tracer of automobile tailpipe
emissions, but with the elimination of lead from gasoline in California, the lead emissions have
dropped to near zero. Also, combustion sources generally produce fine particle lead. Here, the
lead had alarge coarse mode component. The source of lead, then, is probably resuspended
material from the roadway, as evidenced by the higher readings at 1m and much lower readings
at 9m, at the first downwind site. Lead concentrations were also elevated compared to upwind at
the 1m and 3m levels for several other sampling periods at the first downwind site, but not as
markedly.

Both zinc and lead show one period (different periods for each element) with unusually high
concentrations. We do not know why these periods of high concentration occurred. The PM,5
zinc concentrations at 9m on August 24, 1995 from noon to 4:00 p.m. were an order of
magnitude higher than any other sample. Thisisareal measurement, but no other samples were
as high. The 3m sample for this period was also elevated, but only by afactor of about two.
Both the PM 1o and PM 5 lead concentrations samples were unusually high at severa downwind
sites on August 26, 1995 from 6:00 to 10:00 am. Again, these are undoubtedly real
measurements, but we do not know what caused them.

Appendix A contains complete test data, including PM 1o and PM; 5 mass, particle composition,
meteorological data, traffic information, and emission rates.

Emission Rates

We cal culated emission rates using the box model described in the 1994 report. In brief, the
model calculates the mass flux of pollutant across the downwind plane of a“virtual box”. The
measured upwind concentrations are used as background, and the flux downwind is obtained by
measuring the vertical profile of concentrations and wind speeds. The mass flux is the product of
the concentration and the wind speed and is related to the mass emissions of pollutant within the
box. The emission rate in grams per vehicle kilometer traveled is given by

E,=36" va hy” Gy cos(q)/ No (1)

where E, isthe emissionratein g/VKT,
Vn isthe wind velocity in m/s,
hy isthe height of the box in meters,
C, is the pollutant concentration in ng/m3,
N, is the number of vehicles/hr,
g isthe angle of the wind to the ideal direction, and
3.6 converts the unitsto g/VKT.

Asin the earlier work, we set the box height to 3m to calculate the emission rates. The vertical
profile data collected at the D1 downwind site confirmed that the box height was at least 3m, but
lessthan 9m. Note that the emission rate is directly proportional to the box height.
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Figure 10 shows the PM 1o and PM, 5 mass emission rates cal culated for each time period of the
study. Inspection of the results at the downwind D1 site revealed that the 1m and 3m samplers
were within the layer affected by the roadway downwind of the intersection. Furthermore, except
for August 24 from 6 to 10 am. and August 26 from 11 am. to 4 p.m., the PM 1o measurements
at 3m and 9m at the upwind site were within 9% of each other. Because of the similarity of the
two upwind concentrations, the emission rates were calculated by averaging the concentration at
the 1m and 3m heights downwind, and subtracting the 3m and 9m average concentration at the
upwind site. This difference was used as C, in equation (1). The intersection was modeled as a
superposition of two line sources, Florin Road and Stockton Boulevard. The emission factor (in
o/VKT) was assumed to be the same for each road, but the traffic density and the wind angle
were treated separately for each line source. As shown in Table 5, the PM 1o mass emission rates
ranged from 60 to 238 mg/VKT. The PM, s mass emission rates ranged from <7 t0106 mg/VKT.
For comparison, the PM o emission rates we measured in the 1994 study ranged from 18 to 25
mg/VKT on the freeway and 260 to 1300 mg/VKT at the intersection.

The PM 1o emission rate exhibited adiurnal pattern with the highest rate during the morning
hours (6-10 am.) and lower rates throughout the remainder of the day. The rates were also lower
on the weekend than on the week days. The PM,s emission rate also shows adiurnal pattern,
with higher rates during the early afternoon hours and lower rates at other times. Note that the
PM 5 rates were not defined for the afternoon of August 25. The PM, s mass data for that time
period were invalidated due to a sampling error. Also, all emission rates for August 26 from
11:00 a.m. to 4:00 p.m. were invalid due to shifting winds.

The United States Environmental Protection Agency’s Compilation of Air Pollution Emission
Factors, AP-42, indicates that the silt loading and average vehicle weight are the factors
controlling the PM o emissions from a paved road. If there are no other controlling factors the
emission rates (in terms of mg/VKT) should vary little throughout the day, at least if the surface
st loading isin equilibrium and the average vehicle weight does not change appreciably. The
measured emission rates shown in Figure 10 do vary, though, so something must be changing.
All the variablesin Equation (1) are well defined except for the box height. If the box height
varies throughout the day, it would affect our emission calculation. It isalso possible that the silt
loading, the moisture content of the surface loading, or the average vehicle weight may vary
throughout the day, or that some other controlling parameter is responsible.
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Table 3.

PM 190 mass concentrations at each location for each test

Sampler location and height Meteorology | Traffic
Test dateand time (léjr%) (léjr}w) ([1)%) (gr}w) (gr%]) (gri) ([?3::1) gvpler:j DinVeIcr:idon V/er?éﬁlr%
8/23/95 12:00PM | 33.8 | 30.9| 49.1| 37.1| 57.0| 59.6 | 36.7| 253| 2349 | 3,838
8/23/95 4:00PM | 39.1 | 37.9| 56.0| 68.1| 56.3 | 49.2 | 39.3| 3.50| 237.3 | 4,517
8/23/95 T7:00PM | 21.8 | 21.4| 29.2| 29.7| 289 | 286 | 23.3| 2.21| 2004 | 1,536
8/24/95 6:00AM | 28.2 | 286| 47.1| 50.6| 320 | 41.2| 36.7| 245 200.7 | 2,417
8/24/95 11:43AM | 365 | 37.2| 61.3| 49.2| 55.1 | 320| 389| 291| 237.7 | 3,897
8/24/95 4:00PM | 334 | 30.8| 49.6| 43.7| 422 | 383 | 335| 3.01| 2257 | 3,973
8/24/95 855PM | 255 | 27.0| 33.8| 33.3| 31.3| 295| 26.9| 213| 1827 | 1,064
8/25/95 556 AM | 264 | 259| 53.1| 425| 31.1| 27.3| 32.6| 228 2198 | 2,221
8/25/95 11:07 AM | 285 | 30.8| 43.9 36.1 | 322 | 315| 2.73| 232.0 | 4,093
8/25/95 3:58PM | 27.4| 27.1| 40.0 278 | 304 | 275| 2.83| 2202 | 4,479
8/25/95 9:00PM | 20.1 | 19.0| 27.0| 21.4| 238 | 24.1| 22.3| 244| 1893 | 1,294
8/26/95 556 AM | 22.4 | 21.8| 36.6| 26.8| 260 | 24.8| 27.3| 1.41| 2084 | 1,463
8/26/95 11:01AM | 30.7 | 19.6| 36.8| 35.3| 36.1 | 306 | 27.6| 0.99| 280.6 | 3,694
8/26/95 4:.06PM | 259 | 25.8| 385| 34.6( 288 | 354 | 31.0| 1.96| 237.0 | 3,699

Mean| 26.8 |26.2 [40.2 | 39.4 |34.8 [324 |29.2 | 2.23| 207.1 | 2812

* Sampleinvalid due to sampling error
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Table 4.

PM s mass concentrations at each location for each test

Sampler location and height Meteorology | Traffic
Test date and time (gr%]) (gr%]) ([1)%) (gr%]) (gr%w) (gri) ([?3::1) gvpler:j DinVeIcr:idon V/er?éﬁlr%

8/23/95 12:00 PM 6.7 57 104 | 6.9 73| 253 | 2349 | 3,838
8/23/95 4:00 PM 6.7| 6.8 132 | 83 8.8| 350 | 237.3 | 4,517
8/23/95 T7:00PM | 125| 12.7 124 | 10.8 111 221 | 2004 | 1536
8/24/95 6:00AM | 14.6| 115 17.0 | 125 13.9| 245 200.7 | 2,417
8/24/95 11:43AM | 115| 100 239 | 123 129| 291 | 237.7 | 3,897
8/24/95 4:00PM | 121| 9.1 139 | 119 105| 3.01 | 2257 | 3,973
8/24/95 855PM | 155| 15.2 175 | 153 17.2| 2.13 182.7 | 1,064
8/25/95 556 AM | 17.0| 125 18.8 | 13.8 228| 228 | 2198 | 2,221
8/25/95 11:.07 AM | 13.2| 110 * 14.6 151 273 | 232.0 | 4,093
8/25/95 3:58PM | 151| 83 * 8.6 109| 283 | 220.2 | 4,479
8/25/95 9:00PM | 11.2| 10.0 11.7 | 99 11.8| 244 | 1893 | 1,294
8/26/95 556 AM | 115| 109 132 | 114 132 141 | 2084 | 1,463
8/26/95 11:.01 AM | 15.0 7.5 14.7 | 11.8 11.8| 0.99 280.6 | 3,694
8/26/95 4:06 PM 9.7 96 109 | 10.1 10.3| 1.96 | 237.0 | 3,699

Mean| 11.7 10. 10.1 (111 12.| 223| 2071 | 2,812

* Sampleinvalid due to sampling error
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Table5. Emission factor calculated from the box model for each test period

Emission Factor (mg/VKT)
Test Number Date PM10 PM2.5
95-024 Wed. 12:00 109 43
95-025 Wed. 16:00 263 72
95-026 Wed. 19:00 189 -5
95-027 Th. 06:00 261 67
95-028 Th. 11:00 198 142
95-029 Th. 16:00 186 42
95-030 Th. 21:00 184 54
95-031 Fri. 06:00 389 73
95-032 Fri. 11:00 150 --
95-033 Fri. 16:00 141 --
95-034 Fri. 21:00 127 30
95-035 Sat. 06:00 164 34
95-036 Sat. 11:00 -- --
95-037 Sat. 16:00 84 10

Figure 11 shows how the PM 1o mass emission rates break down by composition for each time
period of the study. The composition parameters were calculated from the elemental
concentration and light absorption measurements, so they do not necessarily add up to the mass
measurement. The mass was determined by a separate gravimetric measurement Soil dust and
organic matter (calculated by the hydrogen concentration) make up most of the PMo. There are
also minor contributions from soot and sulfate. The unallocated emissions vary from a high of
nearly 50% of the mass on August 25 from 6-10 a.m. to several periods of nearly zero (i.e. ailmost
all the mass was accounted for) . In two periods, the sum of the composition measurements
exceeds the mass measurement; for the last sample period the sum exceeds the massto a
significant degree.
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Figure 11. Composition of the PM ;o mass emissions

Figure 12 shows the composition of the PM, s mass emission rates for each time period of the
study. Soil dust isasmaller fraction of the PM, s mass emissions than for PMo. The largest
component of the PM, 5 mass emissions is generally organic matter (calculated by the hydrogen
concentration). Soot and sulfate also contribute a small amount. The unallocated emissions vary
even more for the PM s mass than for the PM 1o mass emissions.

Figure 13 shows the variation with time of each of the four major components of the PM;o and
PM, 5 mass emission rates. As expected, the soil emissions are primarily in the coarse particle
size from 2.5-10 mm, as are the ambient concentrations. Organic matter emissions are also
mostly in the coarse mode, and may be due to suspended particles of tire material or oils and
grease on dust particles. The organic matter concentrations, though, are primarily in the fine
mode. The soot emissions are primarily in the fine size range below 2.5 nm, as are the ambient
concentrations. The measured concentrations of sulfate are primarily in the fine size range,
(greater than 90%), but the emission rate from the intersection seems to be more evenly split
between PM 1o and PM,s. Thisimplies that there may be some sulfate associated with the
resuspended material from the roadway.
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Figure 12. Composition of the PM ;5 mass emissions

Figure 14 shows the variation with time of the emissions of the heavy metals zinc and lead. For
zinc, the emission rate is more heavily weighted toward the coarse particles than are the ambient
concentrations. For lead, the split is about the same. The emission rate of zinc shows a
pronounced diurnal pattern, but the lead emissions were remarkably uniform. The only large
difference in the lead emissions occurred on Saturday morning at the time when the unusually
high concentrations were measured at all the downwind sites.

Figure 15 shows a cross-section profile of the PM 1o mass from upwind to downwind for
Thursday, August 24, 1995. The mass increased just downwind of the intersection, then
decreased to near background levels at the far downwind site. The pattern holds for three of the
four time periods shown, and is typical of the four days measured. The fourth time period shows
an increase at the far downwind site that may have been due to activity in the grocery store
parking lot.
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Figure 16 shows the same pattern for the four composite variables soot, soil, sulfate, and organic
material. Generdly, the far downwind concentration was significantly elevated above
background only for the morning period from 6:00-10:00 am. For most other periods, the far
downwind concentration for any composite variable was only dightly elevated, if at al, above
background. The far downwind (D4) soil concentration was higher than the nearer D2
concentration during the afternoon hours corresponding with activity in the store parking lot.
Almost all other times showed a smooth decrease from near downwind to far downwind. Figure
17 shows the pattern for the heavy metals zinc and lead.

Figure 18 shows a surprising finding of this study. On Saturday, August 26, 1995, from 6:00-
10:00 a.m. the PM o and PM 5 lead concentrations increased at all downwind locations. The
increase at the first downwind site was especially great. The concentrations decreased
dramatically at the second and third downwind sites, but were still significantly elevated above
background. Approximately 30% of the lead was in the fine fraction. We could not identify the
source of this airborne lead, but it is not a measurement artifact.

Discussion

Comparison to calculated emission factors

The EPA recommends calculating emission factors from paved roads using a procedure
described in AP-42, Compilation of Air Pollutant Emission Factors. The AP-42 calculation uses
the roadway silt loading and the average vehicle weight as input parameters to the following
equation for PM .

) ﬁLGO.GS w\/(.jl.S
E=46" 675 &30

For PM s, AP-42 replaces the factor of 4.6 by 2.1 in the above equation. Table 2 lists the silt
loading on each approach to the intersection, and lists the average of the four values. Table 5
shows the results of this calculation for PM o using the measured silt loadings and estimated
average vehicle weight. We estimated the average vehicle weight by periodically counting the
percentage of passenger cars, light and medium trucks, and heavy trucks and buses. Note that
PARTS, the EPA model used to calculate emission factors using AP-42 equations, recommends
using a default value of 3 tonsif better information is not available. Using our estimated fleet
average vehicle weight of 2.15 tons and three possible silt loading values, Table 6 lists the
emission factors calculated for the Florin Road/Stockton Boulevard intersection. The silt
loadings listed in Table 2 show that three approaches had very similar low values, while one
approach had much higher loading. The emission factors were calculated using the lowest, the
highest, and the average silt loading.

Table 7 shows the measured and cal culated emission factors for PM 1o and PM 5 for this study.
Using the AP-42 method, the calculated emission factors for PM 1o and PM 5 fall within the
range of the measured emission rates for this study. Thisresult is different from the 1994 result
because this study used the measured silt loadings from the intersection approaches. For the
1994 study, we used silt loading values obtained from the table provided in AP-42, following the
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recommended procedures for selecting representative values. The values selected from the AP-
42 tables for the 1994 work were 900-3800 mg/m?, while the measured values for this study were
1.6-54 mg/m®. Note that the highest silt loading occurred on the approach nearest to the first
downwind sampler. The measured PM ;o emission factor was midway between the calcul ated
factors using the average silt loading and the highest silt loading. The measured PM s emission
factor, however, was closer to the calculated factor using the average silt loading than the highest
st loading.

Table6. Average vehicle weight
Vehicletype Fraction Weight (tons) Fractional weight
Passenger cars 842 2 1.684
Trucks/Vans 143 25 0.358
Heavy trucks/Buses .015 7 0.105
Average weight 2.147
Table7. Calculated vs. measured emission factorsfor PM 1o and PM 25
Silt Loading Vehicle Weight | PMjo Emission Factor | PM, s Emission Factor
(mg/m?) (tons) (mg/VKT) (mg/VKT)
16 215 27 12
15 215 116 53
54 215 267 122
Measured Emission Factor 188 + 80 51+39
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Figure 14. Massemission rates of PM o and PM 5 zinc and lead
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Figure 16. Upwind-downwind pattern for PM 1o and PM 5 soil, organic matter, soot, and sulfate at 3m on August 24, 1995
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Figure 17. Upwind-downwind pattern of PM ;o zinc and lead at 3m on August
24, 1995
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Comparison to 1994 results

The emission rates we obtained in this study were lower than the mass emission rate we obtained
in 1994. The PM1o mass emission rate we obtained in 1994 may have been flawed by an
incorrect pre-weight. Thereisno way to be certain that thisisthe case, but the results of this
study suggest it may have been. In 1994, we had only a single upwind and a single downwind
sample at 2m above the surface. We also collected data for only a single time period. Although
we repeated all possible measurementsin 1994, we were unable to repeat the filter pre-weights.

An examination of the 1994 data shows that the emission rate cal culated using reconstructed
mass is within the range of emission rates we measured in this study. Inthe 1994 study, the
overall ambient concentrations were twice the concentrations measured in this study. This
suggests that the elemental concentrations and the reconstructed mass from the 1994 study
remain valid, but that the gravimetric mass measurement at the downwind siteisinvalid.

There isaso amuch larger difference between this study and the 1994 study in the calculated
emission rates using AP-42. In the 1994 study, we used “representative” silt loadings obtained
from the tables provided in AP-42. These turned out to be 100-1000 times higher than the
loadings we measured in this study by vacuuming the road. The highest silt loading we
measured, 54 mg/m?, is at the 15" percentile of the distribution given in AP-42 for high ADT
roads (>5000 vehicles per day). The average silt loading, 1.5 mg/m?, is at the 5™ percentile.

Upwind-downwind comparison

The upwind-downwind patterns show that the effect of the intersection does not extend a great
distance downwind. For the most part, the elevated concentrations fall nearly to background
levelsless than 100m downwind of the intersection. There were severa time periods when this
did not happen, and severa time periods when the far downwind concentrations were higher than
the second downwind concentrations. The times when this occurred suggest that activity in the
grocery store parking lot may have suspended PM 1o material into the air.

Comparison to Air Resour ces Board Area Source Methods

The California Air Resources Board has published methods to cal cul ate area source emissions
(ARB, 1991). The procedures recommend allocating VMT to freeways, major streets, and local
and collector streets, then applying an emission factor to each allocated component. The most
recent recommended emission factors were developed using silt loading values of 0.02 g/m? for
freeways, 0.035 g/m? for high-ADT roads, and 0.32 g/m? for low-ADT roads. Using these silt
loading values and an average vehicle weight of 2.4 tons, the Air Resources Board emission
factor for freewaysis 163 mg/VKT, for magjor streetsit is 234 mg/VKT, and for local and
collector streetsit is 986 mg/VKT. Our measured silt loadings ranged from 0.002-0.054 g/m?,
and averaged 0.015 g/m?, on the approaches to the Florin/Stockton intersection. Thisis afactor
of 2-21 lower than the silt loadings used by the Air Resources Board to calculate emission factors
for paved roads. Our measured emission factor for the intersection is 188 + 80 mg/VKT, and
includes all roadway sources, not just resuspended dust. Thisisafactor of 1.2 - 5.2 lower than
the calculated emission factors used by the Air Resources Board uses for major streets or local
and collector streets.
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Comparison to model results

The measured emission factors, intersection parameters, and meteorological conditions were
used as input to CALINE4, acommonly used line source dispersion model, to estimate the
downwind concentrations at each sampler location. Complete results of thisinvestigation are
given in Appendix B, and are summarized here.

The model overpredicts the 24-hour average of measured concentrations by 20% on average (the
range was 11-28%) at the first downwind sampler at 1 meter height. For individual sampling
periods, the model performs best at the first downwind site at 3 meters, and isworst at the first
downwind site at 9 meters. This suggests that the downwind 9m sampler may have been affected
by an elevated source. Visua observations confirmed that this could be the case; during the
afternoon to early evening the plume from a hamburger restaurant grill hit the downwind 9m
sampler, but missed the upwind sampler.

A magjor advantage of using amodel isin examining the effect of “worst-case” conditions. Itis
far easier to model these conditions than to encounter them in afield study. For the most
unfavorable wind direction, the model results indicate that the intersection may contribute up to
15 my/m® at the first downwind site at 1m above ground. This could lead to exceedances of the
standard if the background concentration is greater than about 135 ng/m®. The actual
concentration increase may be less than 15 ng/m®. The predicted contribution to PM 1o
concentrations at locations up to 88m downwind is minor (approximately 4 ny/mq).

The dispersion model results can be extrapolated to predict concentrations downwind of
intersections with different traffic volumes. The AP-42 predictive equation predicts that PM 1
emissions scale linearly with traffic volume. CALINE4 would also scale the emissions linearly.
Observations suggest that the actual emissions per vehicle decrease for high volume roadways so
that the linear assumption may be incorrect. A linear relationship between PM;o emissions and
VMT would tend to overestimate the effect of increased traffic on downwind PM g
concentrations, though, so can be used as a conservative estimate. It is not known how much
error isintroduced by making the linear assumption. Figure 2 of Appendix B shows alinear
relationship between PM 1o concentration and traffic volume. The linear relationship predicts that
an intersection such as Sunrise and Greenback, which has 4400 vehicles per hour, could increase
24-hour downwind PM 1o concentrations by 10-30 ng/m°. This prediction should be tested by
measurements.

Conclusions and recommendations

This study has shown that the intersection of Florin Road and Stockton Boulevard is not a* hot
spot” of PMjo or PM2 5 emissions on typical summer days. The PM 1o emission rates are on the
order of 190 mg/VKT; the PM, 5 emission rates are on the order of 50 mg/VKT. The PMq
emission factor is slightly higher than the calculated emission factor using the EPA’s AP-42
procedure and the average measured silt loading. The measured PM, 5 emission factors were
very close to the calculated emission factor, although the variability in the measured factor was
high. The measured silt loadings, though, were much lower than the values found in the tables
provided in AP-42. This underscores the need to use measured silt loading when emission rates
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are estimated using the AP-42 method. Note that this agreement is not an endorsement of the
AP-42 methodology. The AP-42 method is based on empirical correlations and not fundamental
relationships. Assuch, it is not satisfying and UC Davis remains committed to searching for a
better method.

The emission rates measured in this study are much lower than those measured during the 1994
pilot study. The earlier study suffered from a sparse data set (only one set of upwind and
downwind samples), and may have had a faulty pre-weight on the downwind filter. This could
explain the very high mass concentrations measured during that study. The elemental
concentrations and reconstructed mass measurements of the earlier study remain valid.

The emission rates we measured are also lower than those used by the California Air Resources
Board to estimate area source emissions. If our measured rates are close to the average
throughout California, the PM o emission inventory for PMjo road dust isin error. At the very
least, the database of road silt loading data for California roads needs to be expanded. Roads
representative of the categories used in the inventory should be tested. A better strategy would
be to include measurements of the emission rates of these representative roads along with the silt
loading measurements. The search should also continue for a better surrogate for PM
emissions than silt loading.

We found some unusual resultsin this study. Zinc was measured above minimum detectable
l[imits most of the time, and was primarily in the coarse mode. Zinc may be atracer of tire wear;
this possibility should be investigate further. There was also one period of unusually high zinc
on aPM,s sample. It did not show up on the PM o sample, but isastrong signal in the PM, 5
sample. The PM 1o and PM, 5 samples were collected by different instruments, so it may be an
artifact. Lead was aso measured above minimum detectable limits nearly all the time, and was
evenly split between the coarse and fine mode. This indicates that there is a coarse mode source
of lead. It may be that lead from automotive emissions of years past are now bound to soil
particles on the roadway and are re-entrained into the air by passing vehicles. If so, this source
should be stronger at older intersections than at newer ones where there islittle “old” lead
present. We found one period of very high lead concentrations at all downwind sites. We do not
know the source of thislead. Note that even the highest lead concentration measured, 0.069
my/m? during one 4-hour period, was well below the state standard of 1.5 ng/m® averaged over a
30-day period.

All the species measured at the intersection dispersed almost completely back to background
levels within 100 meters of the intersection. Furthermore, the measured and predicted 24-hour
concentration increases due to the intersection were about 15 ny/ m°, well below the current PM g
standard of 150 ng/m°. For this reason, and given the uncertainties associated with surface silt
loadings, particularly for projects that have not yet been built, it appears that regional emission
budgets would be a better approach to controlling possible exceedances of the standard. On a
regiona basis, the statistical uncertainties of surface silt loadings at particular intersections
would be reduced. It isfurther recommended that efforts be started to determine whether a
guantitative relationship can be developed between silt loading (or some other representative
parameter) and VKT/hr.
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It should be noted that future PM standards may focus on particles having an aerodynamic
diameter of 2.5 mm or less. If so, the vehicular contribution may become a more significant
fraction of the standard, while the re-entrained dust contribution would decline in significance.
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MICROSCALE PM10 MODELING AND POTENTIAL “HOT-SPOT” ANALYSIS

By Vicente J. Garza
University of California, Davis

Introduction

As part of a recent study by the Air Quality Group of the Crocker Nuclear Laboratory at UC Davis
(Ashbaugh, et al., 1996), PM10 concentrations were measured and reported for an intersection in the city of
Sacramento. This report complements that study by applying commonly used air dispersion modeling
techniques to compare observed and predicted concentrations. Insight into the potential creation of PM10
“Hot-Spots” is also presented. -

Intersection Configuration

The intersection study was located at Florin Road and Stockton Boulevard in the city of Sacramento and it
is depicted in Figure 1.

Air Dispersion Model Inputs

The microscale air dispersion model CALINE4 (Benson, 1984) was used to predict PM10 concentrations.
Actual runs were made with the CALINE4 Front-End version 1.1 (Garza, 1996). Information regarding the
various inputs to the model is presented below.

Intersection Coordinates

For modeling purposes, a reference coordinate system was set up with its center coinciding with the center
of the intersection. The x-axis was aligned exactly with Florin Rd. (i.e., east-west direction). Two links
were used to model the intersection, one for Florin Rd and one for Stockton Blvd. Both links extended 150
m away from the center of the intersection for a total length of 300 m.

The coordinates of the link representing Stockton Blvd. were calculated as follows:

X; = 150 *5in 0; y; =-150 * cos O;
X, =-150 *sin 8; y, = 150 * cos 6;

where 6 is the angle between North and Stockton Blvd. (see Fig. 1) and was estimated to be 16 degrees.
The width of each link was estimated as follows:

Florin Rd.
7 total lanes: S through lanes with a width of 4 m and 2 turning lanes with a width of 3 m.

Stockton Blvd.
6 total lanes: 4 through lanes with a width of 4 m and 2 turning lanes with a width of 3 m.

In addition 3 m were added on each side of the links to account for vehicle wake effects, as recommended
in the CALINE4 User’s Guide (Benson, 1984). A summary of link geometry inputs is given in Table 1.




Reference Corner

FLORIN RD.

TIRE
STORE

Figure 1. Schematic Diagram of Intersection at Florin Road & Stockton Boulevard.




Table 1. Summary of Link Geometry Inputs Used for CALINE4

Link Name Start Point (m) End Point (m) Height (m) Width (m)
FLORIN (-150, 0) (150, 0) 0 32
STOCKTON (41.3,-144.2) (-41.3, 144.2) 0] 28

Monitoring Station Coordinates

The monitoring station locations were described in the Crocker Nuclear Lab report in terms of a reference
corner (see Fig. 1) as being 9, 50, and 88.5 m away from it. In order to calculate the exact locations based
on the coordinate system used to set up the links, the coordinates of the reference corner were calculated
first as follows:

_W+d,

X, = ~W, tan @ d =W,
¢ (0059) 1 an an yc 1

where W) is half the width of Stockton Blvd. away from the center of the intersection, W,+d, is the distance

from the center of Stockton Blvd. to the reference corner measured perpendicular to Stockton Blvd., 0 is the
angle between North and Stockton Blvd., and W] is half the width of Florin Road.

And the station coordinates are then given by the following expressions:

Xp =X, +(9m)cos@ Ypr =Y. +(9m)sing
Xpy =%, +(50m)cos¢ Ypa =Y, +(50m)sin @
Xy, =X, +(885m)cosg Vps =Y, +(88.5m)sin ¢

Setting phi to 45 degrees and using the reference corner coordinates, the station coordinates are:

Xp; = 18.3 m; Ypi =194 m
Xpy =47.3 m; Y =48.4m
Xpg = 74.5 m; Yps =75.6m

Other Inputs
A summary of other general inputs used to run CALINEA4 is given in Table 2.

Table 2. General Inputs (not link- or time-dependent) Used for CALINE4 Runs.

Parameter Value or Comment

Molecular Weight Any number different from zero. Not used for PM10
calculations. Normally used to convert units to ppm.

Settling Velocity 0cm/s

Deposition Velocity 0cm/s

Surface Roughness 100 cm

Altitude 200 m




Comparison between Ohserved & Predicted Concentrations

Actual conditions (traffic volume, meteorology) corresponding to each sampling period were used to
compare observed and predicted concentrations. Traffic volume was assumed to be evenly distributed in all
approach and departure segments of the intersection. Therefore, link traffic volume was obtained by
dividing by two the average traffic volumes given in Crocker Nuclear Lab’s report (Ashbaugh, 1996). A
summary of inputs by sampling period is presented in Table 3.

Observed and predicted concentrations by sampling period are presented in Table 4. A few statistical
measures were calculated to judge the performance of the model including: average bias, average absolute
bias and fractional bias. The performance measures are presented in Table 5 and Table 6.
Average Residual (Bias)
The average residual, or bias, is defined by the average

N

s = L
Bias = de

i=1

i

where d; is the residual defined as the observed concentration (C,)) minus the predicted concentration Cp

for the ith data pair. The average residual is a measure normally used to judge the accuracy of model
predictions in paired observations.

Absolute Average Residual (AAR)

The absolute average residual (or bias) is defined as:

1 N
AAR=-]—V~Z|d,|

i=1

and it is often used to judge the accuracy of model predictions in paired observations. Unlike the average
residual, the AAR is not affected by offsetting effects of over- and underpredictions.

Fractional Bias (FB)

The fractional bias is defined as

C-C
FB=2 :__Tp
C0+Cp

The fractional bias is a relation between averages and it does not provide any information about the
goodness of the association in time or space. The fractional bias is often used to judge the capability of a
model to match the highest observed concentrations. A fractional bias greater than 0.67 indicates that the
average of the predicted values underestimated the average of the observed values by at least factor of two.
Similarly, a fractional bias less than -0.67 indicates that the average of the predicted valucs overestimated
the average of observed values by at least a factor of two.

Results show that the best match was obtained for monitors D11, D13 and D23. More importantly, the
results clearly show that the worst match occurred for the monitor D1 at a height of 9 m, which might
suggest that such monitor was influenced by an elevated source upwind.
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Table 6. Fractional Bias by Monitor.

Monitor Fractional Bias (FB)
D1 (1 m) -0.16
D1 (3 m) -0.01
D1 (9 m) 1.54
D2 3 m) -0.14
D4 (3 m) -0.53

Estimating Percentage of Under/Over-Prediction

The average amount of overprediction by the model compared to the observed concentrations was
calculated based on concentration averages close to (or equal to) a 24-hr average. Using a 24-hr average to
calculate the level of overprediction is more appropriate than using the average of the sampling period
because one is ultimately interested in comparing it to the 24-hr PM10 standard. Therefore, in order to
estimate the average overprediction, 24-hr averages had to be calculated first. A running 24-hr average was
calculated using the observed concentrations at monitor D1 at a height of 1 m, starting with sampling period
1 and ending with period 12. The results are shown in Table 7.

Table 7. Approx. 24-hr Avg. PM10 Concentration in (ug/m3) Based On
Observed Values at Monitor D1 at 1-m height.

Mo’ Faros ToPeiod \GEITI inon i
Background  Background

22 1 4 2521 12.62 39.73

22 2 5 2532 14.02 41.95

24 3 6 2584 14.31 41.78

22 4 7 2486 14.88 44 .81

22 5 8 2451 16.37 45.90

23 6 9 2556 14.50 42.79

23 7 10 2666 13.46 40.70

23 8 11 2756 13.42 38.04

23 9 12 2624 11.27 35.17

Average 2575 13.87 41.21

A similar procedure of calculating 24-hr running averages was followed using the CALINE4-predicted
concentrations for the same monitor at the same height over the same period. The results, including the
average overprediction, are shown in Table 8.




Estimating PM10 concentrations for unfavorable wind direction

At a particular site, the highest concentrations of PM10 are likely to occur under unfavorable
meteorological conditions. In this study, PM10 concentrations were calculated using CALINE4 under the
most unfavorable wind direction during a 24-hr period, keeping all other meteorological variables (wind

- speed, stability, sigma theta) at their measured level. Use of the most unfavorable wind directions may not

represent the worst possible condition but should, nonetheless, provide a “rough” estimate of how
unfavorable meteorology would affect PM10 concentrations. Results for the aforementioned scenario are
shown in Table 10. Predicted PM10 concentrations were corrected to account for the estimated average
overprediction. The procedure for determining the average overprediction was explained in the previous
section of this report.

Potential Existence of Hot-Spots at Other Intersections

PM10 concentration levels at any given site, used for comparison to the PM10 standard to determine
whether there is an exceedance, are calculated as the sum of two concentrations: the background and the site
contribution. Exceedances are largely dependent on the background concentration level. Some insight is
provided in this section regarding the site (or project) contribution to the total PM10 concentration for
intersections having different traffic volumes.

Concentrations of PM10 decrease with distance from the source. Results are presented for receptors
located at varying distances from the intersection. Figure 2 shows the contribution of an intersection to the
24-hr avg. PM10 concentration as a function of the 24-hr avg, traffic volume.

Table 8. Approx. 24-hr Avg. PM10 Concentration in (ug/m3) Based on
Predicted Values at Monitor D1 at 1-m Height.

“Foa® Femy ToPeiod Winouw  OTH " wn
Background Background
22 1 4 16.10 276 43.21
22 2 5 17.80 26.9 45.72
24 3 6 16.82 17.5 4429
22 4 7 16.50 10.9 46.43
22 5 8 18.34 12.0 47.86
23 6 9 17.63 216 45.92
23 7 10 16.92 25.7 4416
23 8 11 16.17 20.5 40.79
23 9 12 12.68 12.5 36.58
Average 19.5




Table 9. Approx. 24-hr Avg. PM10 Concentration in (ug/m?) for the
“Most Unfavorable” Wind Direction Based on Predicted Values at
Monitor D1 at 1-m Height.

Averaging  From ) PM10 Conc.  Corrected PM10
Period Periog 1o Period Without Conc. Without
Background Background

22 1 4 17.15 14.35

22 2 5 19.00 15.90

24 3 6 17.87 14.95

22 4 7 17.88 14.96

22 5 8 20.13 16.85

23 6 9 19.37 16.21

23 7 10 18.33 15.34

23 8 11 17.67 14.78

23 9 12 13.72 11.48
Average= 14.98

| 24-hr Average PM10 Concentrations As a Function of
Traffic Volume For Three Receptor Locations

5O 4o e - B , S

m 3 mfromtraveled road
40 - X 6 mfromtraveled road
—e— 50 mfrom traveled road

24-hr Avg. PM10 Conc (ug/m3)

1 0 1000 2000 3000 4000 5000
i 24-hr Avg. Traffic Volume (vehicles per hour)

Figure 2. 24-hr Average PM10 Concentrations As a Function of Traffic Volume.

Caution is advised in the use and interpretation of the results provided above. Namely the following

considerations should be kept in mind:

¢ Concentration levels were assumed to be directly proportional to traffic volume and the plots were

prepared using only two points including the one at (0,0).




o Strictly, the results are only valid for intersections having similar traffic volume distributions in time

(e.g., peak and off-peak activity) as those observed at the Florin Rd. & Stockton Blvd. intersection.

. Strictly, the results are only valid for sites exhibiting similar meteorological conditions as those observed
at the Florin Rd. & Stockton Blvd. intersection.

¢ The results represent a condition of most unfavorable wind direction for a 24-hr period; such condition
may or may not be representative of the worst-case meteorological condition at the site.
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