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Introduction

As a tool, regional modeling, using state-of-science 3-dimensional computer models, has
historically simulated the dispersion and chemical transformation of the criteria pollutants
for the South Coast Air Basin (Basin). The results of these modeling analyses have been
the cornerstones of control strategy development for the Air Quality Management Plan
(AQMP). One of the main objectives of the Multiple Air Toxics Exposure Study II
(MATES-II) program has been to determine if the state of computer simulation modeling
is adequate to simulate measured concentrations of toxic compounds and provide a means
for estimating spatially resolved risk to the community. ‘

As part of MATES-II program, the challenge of the modeling the dispersion, transport
and transformation of the emissions of toxic compounds in the Basin was undertaken.
This appendix outlines that regional modeling effort. The results of the regional model-
ing simulation are presented for the Basin in total and for 24-sites (10-fixed routine and
14-microscale) that measured toxic compounds during the period April 1, 1998 through
March 31, 1999. This appendix also discusses the selection of air quality and meteoro-
logical models used for the simulation, the model input preparation, and the selection of
the modeling domain. In addition, a characterization of model performance is provided
to demonstrate the capacity of the simulation to recreate concentration of both toxic and
criteria compounds measured in the Basin during the monitoring period. Finally, spa-
tially resolved estimates of risk to the Basin population are provided.

3-Dimensional Regional Simulation Models Evaluated

The Urban Airshed Model (UAM) was used to simulate the regional dispersion of air
toxic compounds based on their emission rates as discussed in Chapter 4 of the main
document. The UAM has been the U.S. Environmental Protection Agency’s (EPA) rec-
ommended model for ozone attainment demonstrations. There are several models cur-
rently available for ozone simulation. These models are undergoing evaluations as po-
tential models for the next AQMP revision. While the EPA’s version of the UAM may
be considered dated, the model has been proven for ozone air quality analysis. Specifi-
cally, the dispersion algorithms are still appropriate to analyze the dispersion of inert spe-
cies (or compounds). As such, the UAM is used to simulate the dispersion of the toxic
compounds.

In addition to the EPA’s version of UAM, a special version of UAM (called UAM-TOX)
was applied to simulate the atmospheric reactions of volatile organic compounds (VOCs)
and oxides of nitrogen (NOX) to account for the formation and/or destruction of several
toxic VOC compounds. Specifically, the UAM-TOX is used model VOC compounds
such as 1,3 butadiene, (which reacts in the atmosphere) and carbonyls such as formalde-
hyde and acetaldehyde (which form in the atmosphere).
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Modeling Domain

Figure V-1 shows the modeling domain used in the modeling analysis. The horizontal
modeling domain covers 210 kms from west to east and 120 kms from south to north.
The modeling domain is somewhat smaller than the domain used for the AQMP regional
modeling simulations. However, each square shaped grid cell with side dimension of 2
km provides significantly better resolution than the 5 km resolution used for the regional
modeling demonstration for the criteria pollutants.

The vertical dimensions of the modeling domain extended to 2000 m above the surface
using a terrain following coordinates system terrain. Five vertical layers were used in the
simulation to characterized horizontal and vertical transport and dispersion.
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Figure V-1. UAM MATES II regional modeling domain.

Toxtc Compounds Modeled

A total of 34 compounds are modeled as part of the regional model evaluation and 29 of
the modeled compounds have measurements collected at the 10 MATES II sites. Table
V-1 provides the locations of the MATES II sites and Table V-2 provides a list of the
toxic compounds that were both modeled and measured. Table V-2 also provides the in-
strument’s detection limit for compound measurement for reference. In some cases,
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modeled concentrations for those toxic compounds having measurements at or near the
detection limit fall below the range of instrument detection.

Table V-1. Locations of the MATES II Toxic Monitoring Network

Location Type Site

Anaheim District Monitoring Network
Burbank District Monitoring Network
Compton MATES II Special Study Site
Fontana District Monitoring Network
Huntington Park MATES II Special Study Site
Central LA District Monitoring Network
Long Beach District Monitoring Network
Pico Rivera District Monitoring Network
Rubidoux District Monitoring Network
Wilmington MATES H Special Study Site

Meteorological Model Description

The CALMET meteorological model was used to generate hourly gridded three-
dimensional meteorological fields. CALMET consists of a diagnostic wind field module
and micrometeorological module for the boundary layer. The diagnostic wind field mod-
ule uses a two step approach to develop hourly wind fields. In the first step, CALMET
generates an initial-guess wind field using selected subsets of the observational data to
characterize the mean hourly wind flow. This initiai-guess is then adjusted for kinematic
effect of terrain, slope flows, and terrain blocking effects to produce a Stepl wind field.
The second step consists of an objective analysis procedure to introduce observational
data into the Step 1 wind field to produce a final wind field. The micrometeorological
module calculates boundary layer parameters such as surface heat flux, surface momen-
tum flux, and the boundary layer height based on the energy budget method. Several ad-
ditional parameters, including the friction velocity, convective velocity scale, stability
class, Monin-Obukov length, are derived. The reader is referred to U.S. EPA et al.
(1995) for a complete description of the CALMET meteorological model.

Preparation of Surface Meteorological Data Input

CALMET requires surface temperature, pressure, wind speed and direction, relative hu-
midity, cloud cover and precipitation data. Hourly data, covering the MATES 11 field
monitoring program period from approximately 140 surface monitoring stations were
used to develop the surface meteorological fields. These data were obtained from a num-
ber of sources including the District monitoring network, the EPA Aerometric Informa-
tion Retrieval System (AIRS) for surrounding districts, the Federal Aviation Administra-
tion (FAA) surface observation data, as well as the California Irrigation Management In-
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formation System (CIMIS) data. Figure V-2 illustrates the density of the surface mete-
orological data used for the meteorological modeling.

Table V-2. Toxic Compounds Measured and Modeled at the 10 MATES- II Sites

Toxic Compound

Benzene
1,3Butadiene
p-Dichlorobenzene
Methylene Chloride
Chloroform
Perchloroethylene
Trichleroethylene
Carbon Tetrachloride
Ethylene Dibromide

Propylene Oxide
Ethylene Dichloride
Vinyl Chloride
Dioxane[1,4]
Ethylene Oxide
Formaldehyde

Acetaldehyde
Acetone

Methy! Ethyl Ketone
Styrene

Toluene
1,1Dichloroethane
Chioromethane
Diesel PM
Arsenic

Elemental Carbon
Organic Carbon
Chromium

Hexavalent Chromium

Cadmium

Lead (point sources)
Lead (area sources)
Nickel

Selenium

Measurable Detection Limit

ARB
0.639
0.088
1.202
3.476
0.098
0.068
0.107
0.126

(ng/m’)

AQMD
0.319
0.221
0.601
0.348
0.488
0.678
0.537
1.258
0.768

0.405
0.511

0.123
0.180
0.238
0.295
0.426
0.377

0.405
0.206

0.004

0.002
0.0006
0.01
0.001
0.001
0.001
0.001
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Off shore observational wind, temperature and sea surface data were obtained from the
Data Zoo at Center for Coastal Studies (SCRIPPS Institute of Oceanography). The Data
Zoo contained three-buoy sites along the coast in the modeling domain (not shown in
Figure V-2). The buoy data was available for all of 1998. Daily data from April 1, 1998
through December 31, 1998 were directly ingested by CALMET. Monthly average val-
ues of the buoy data observed in1988 for January through March were calculated and
substituted for the offshore characterization for the first quarter of 1999.
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Figure V-2. Locations of surface meteorological monitoring sites.
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The surface data was subjected to a series of quality assurance tests to screen the data and
remove any invalid points. For the temperature data a range test was employed, where
any observations over 125°F were discarded. For the wind data, the twenty-five highest
wind speeds at each monitoring site were examined manually. Data was discarded if it
was determined to be inconsistent or have an abnormally high speed.

CALMET ingests monitored data directly from the station readings. In the cases where
hours in the data archives were missing or data was ruled to be invalid, a series of proce-
dures were undertaken to estimate the missing data. If a missing data value was sur-
rounded by valid data in the hours immediately preceding and following it, the value was
estimated by linear interpolation in time. For all values other than wind speed and wind
direction, remaining missing data values were filled in by spatial interpolation using in-
verse distance squared weighting. Relative humidity was interpolated using the follow-
ing procedure. First of all, the relative humidity and temperature were used to calculate
the absolute humidity. Then, the absolute humidity was spatially interpolated. Finally
the temperature and absolute humidity were used to calculate the relative humidity.

Pressure, ceiling height, cloud cover and precipitation was measured at fewer stations
than wind temperature and moisture. As a result, for hours when no data was available
for one of these parameters, default values of one atmosphere for pressure, no cloud
cover or precipitation and unlimited ceiling were substituted in the data field.

Since geographic features generate localized winds no attempt was made to spatially in-
terpolate individual hours having missing values prior to running the meteorological
processor. CALMET treated gaps in the wind data for periods of six hours or less by
substituting observed winds from the preceding hour. If a gap existed of longer than six
hours then the data from that wind station was automatically excluded from the analysis
for the month in question.

Figures V-3a through V3-d provide the July and January monthly averaged winds for
0600 PST and 1600 PST respectively, to illustrate the seasonal variability of the surface
wind fields generated by CALMET for the MATES II monitoring period. While the av-
eraged wind vector fields do not represent day-to-day variations in the winds they pro-
vide a means of judging whether the seasonal climatic features are characterized by the
flow pattern. Figure V-3a depicts a moderate offshore flow regime for the early morning
hours during winter. During summer (Figure V-3c¢), the early moming winds are more
stagnant and disorganized. Figure V-3b presents the January afiernoon sea breeze that is
well organized but weaker than the summer sea breeze illustrated in Figure V-3d. These
patterns are consistent with the climatological description of the morning and afternoon
flow regimes described by DeMarrias et. al. (1965) in U.S. Weather Bureau Technical
Report No. 54, long considered a,benchmark analysis of the wind climatology of South-
ern California.
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Preparation of Upper Air Data Input

Upper air wind and temperature data monitored at 11 radar wind profiler (RWP) and ra-
dio acoustic sounding system (RASS) sites in or near the Basin comprised the backbone
of the upper air data set. The continuous upper air profiling was augmented by surface
meteorological at each monitoring location. The RWP/RASS sites included the District’s
PAMS Los Angeles Airport (LAX ), Ontario Airport (ONT), Ventura County APCD’s
Simi Valley (SIM), and the San Diego APCD’s Point Loma (PTL.), and Valley Center
(VLC). Supplemental sites operated by National Oceanic and Atmospheric Administra-
tion (NOAA) at Goleta (GLA), University of Southern California (USC), Santa Catalina
(SCL) and San Clemente Island (SCE) and by the California Air Resources Board
(CARB) at Riverside (RIV) and Tustin (TUS) completed the upper air network. Figure
V-4 depicts the locations of the upper air monitoring stations.
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Figure V-4. Locations of upper air meteorological monitoring sites.
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These RWP and RASS data were preprocessed for each station as follows. First, any ob-
servation that did not reach to above 1 km was discarded. In addition, any hour for which
both temperature and wind data were not available was discarded.

The RWP winds from high and low resolution operating modes were merged directly to
form a comprehensive vertical profile. The virtual temperature measured by RASS was
converted to the dry bulb temperature using observed surface temperature and relative
humidity. Typically, at heights above the marine layer where the atmosphere has less
available moisture, little difference exists between the virtual and dry bulb temperature.
As a consequence, no attempt was made to convert the virtual temperature to dry bulb
temperatures at levels greater than the estimated mixing height. Since the temperatures
were at different levels than the winds, the temperature data were interpolated to the lev-
els at which there were wind data by linear interpolation.

The CALMET model requires a complete upper air data profile the surface to the top of
the modeling domain. Periodically, surface observations for selected profiler sites were
no available. In order to satisfy the CALMET completeness requirement, the observa-
tional data were extended as follows. Values of temperature, pressure and wind speed
and direction at surface level were obtained from the surface data as described above.
The only change was that missing values for the wind were obtained by spatial interpola-
tion. This spatial interpolation of the wind may not be as accurate as one would have
liked. However, it did allow the use of a sounding which otherwise would have to be
discarded.

RWP/RASS data that extended pass 1 km, but not to the top of the modeling domain
were extended as follows. The highest level of valid wind reading was continued to the
top of the modeling domain. Above the highest level of valid temperature reading, the
temperature was assumed to decrease according to the standard atmospheric lapse rate.

The pressure was calculated from the value of the surface pressure and the temperature
profile using the hypsometric equation.

CALMET Model Simulation

The CALMET meteorological modeling region was overlaid upon the UAM modeling
region with an equivalent 2 X 2 km grid resolution. The top of the meteorological mod-
eling domain differed from that specified for the air quality simulation. The top of the
modeling region was set to 2500 meters and a total of 12 vertical cells were used by
CALMET to simulate the vertical wind structure. Table V-3 lists the vertical layer
structure for the CALMET simulation.
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CALMET offers various options and default values for simulating the meteorological
fields depending on the characteristics and length of the episode evaluated. Two options
were important for the development of the hourly meteorological fields: First, the surface
wind observations were extrapolated to upper layers using similarity theory. This option
enables the observational data that is set to the shallow first layer of the modeling domain
(0-20m) to exert a greater level of influence on the layers immediately above the surface.
This option also provides a measure of wind field consistency throughout the marine or
mixed layer.

While fields of hourly mixing heights can be tmported as an input to the CALMET
simulation, the option exists to have CALMET directly calculate gridded fields of mixing
based upon modeled estimations of mechanical and thermodynamic turbulence. This op-
tion was employed for the CALMET simulation and a minimum mixing height for the
analysis was set to 100 m above ground level. The mixing heights derived from CAL-
MET were temporally and spatially smoothed using 3-hour moving average and a five-
point smoothing method.

Table V-3. CALMET Vertical Layers

Layer | Height (meters)
0-20
20-60
60-100
100-200
200-300
300-400
400-600
600-800
800-1000
10 1000-1500
11 1500-2000
12 2000-2500

| oo| ~a| | | B | o} =

Figures V-5a through V-5d provide examples of the CALMET simulated hour mixing
height fields for each day during the 1-year modeling period at the coastal site of Wil-
mington, Central LA in the metropolitan area, Burbank in the San Fernando Valley and
Rubidoux, in the inland empire. The mixing height field depicts a clear diurnal trend
with minimum mixing at night and maximum mixing midday. The seasonal variation at
all of the sites indicated a shallower mixed layer in the winter when radiation inversions
are persistent and winds are weakest. Conversely, summer daytime mixing heights are
typicaily 150 percent of those observed in the fall and winter. Spatially, the valley and
Inland Empire sites depict higher values of mixing, reflecting the greater variation in the
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daytime temperature structure. Figures V-6a and V-6b show the average January and
July spatial variation in afternoon (1600 PST) mixing across the basin. In general, Basin
mixing is lower in January however, the gradation of increasing mixing inland is simu-
lated for each season.

UAM Simulations

Prior to initiating the UAM and UAM-TOX simulations, the 12-layer CALMET wind
fields were interpolated and averaged to conform to the UAM 5-layer structure. A wind
layer-matching scheme (UAMWND) developed by Douglas et al. (1990) was used for
the interpolation. UAMWND weights surface layer wind influence to layers aloft on the
basis of stability. For this application, the weighting factor was modified to enhance sur-
face layer influence to the upper layers. This procedure ensured that the wind field in the
lowest two layers of the UAM simulation domain retained the characteristics of the wind
in the mixed layer. This modification resulted in about 65-70 percent influence of the
surface (CALMET layer—1) winds at the mixing height. In addition, a five-point filter
was applied to smooth the field and dampen the horizontal shear.

Table V-4 provides the initial boundary concentrations specified for the UAM simula-
tions.

Model Performance Goals UAM and UAM-TOX

The output of the UAM and UAM-TOX models is 24-hour average concentrations for the
one-year period modeled. For the current analysis, the 24-hour average concentrations
are compared to the measurements (that are also 24-hour average values) individually. In
addition, a comparison is made between the annual and seasonal average concentrations
to determine how well the model performs for longer averaging periods. Traditionally,
risk calculations are based on annual averaged concentrations. While variations may ex-
ist between model simulations and measurements on a daily basis, the longer-term aver-
ages tend to be more similar.

Model performance goals have not been established for simulating toxic compounds.
However, based on prior ozone model evaluation experience, VOC model performance
can vary by as much as one order of magnitude while ozone model performance can vary
by as much as 50 percent. For the current model evaluation, the hourly ozone simulated
during the one-year period is compared to measured ozone concentrations to provide a
gauge on how well the model is simulating the toxic compounds. However, based on
prior AQMP ozone modeling applications and recent information regarding mobile
source emissions, it is anticipated that high measured ozone levels will be underestimated
in the current analysis.
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Table V-4  Boundary Concentrations used for the MATES II modeling.

Compound

Benzene
13butadiene
p-Dichlorobenzene
Methylene chloride
Chloroform

PERC

TCE

Carbon Tetra.
Ethylene dibromide
MTBE

Propylene oxide
Ethylene Dichloride
Vinyl chloride
14Dioxane
Ethylene oxide
Formaldehyde
Acetaldehyde
Acetone

MEK

Styrene

Toluene
},ldichloroethane
methyl chloride
Secondary
Formaldehyde
Secondary
Acetaldehyde
Diesel

Arsenic

EC

oC

Chromium

Cr+6

Cadmium

Pb

Nickel

Selenium

Boundary Concentration (yg/m>)
0.640

0.008
0.008
0.139
0.074
0.237
0.065
0.777
0.008
0.008
0.008
0.102
0.012
0.008
0.008
0.540
0.008
0.008
0.029
0.008
0.008
0.030
1.229

1.800

0.018
0.450
4.1E-05
0.450
0.450
4.1E-05
8.2E-14
8.2E-14
1.6E-13
8.2E-14
8.2E-14
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Figure V-5a. Diurnal variation of mixing at Wilmington (April 1998 - March 1999)
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Figure V-6a. January 1999 average 1600 PST spatial variation of mixing in the Basin.
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Figure V-6b. July 1998 average 1600 PST spatial variation of mixing in the Basin.
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No attempt is made at this time to test the sensitivity of the model simulation by varying
the emissions. As such, it is expected that mobile source risk contributions will be un-
derestimated by the simulation models. However, when ARB releases the latest version
of the on-road mobile source emissions factor model (EMFAC) and new off-road mobile
source emissions, the model performance will be reevaluated.

Figures V-7a though V-7h illustrate the performance of the UAM-TOX simulation in its
ability to recreate the daily diurnal trend of observed 1-hour average ozone for each day
from April 1, 1998 through March 31, 1999. Seven stations including Hawthorne, Cen-
tral LA, Azusa, Pomona, Upland, San Bernardino, Riverside and Crestline were selected
to depict the ability to simulate ozone formation along the primary west-to-east transport
through the Basin. As expected, the peak concentrations that were observed in the Basin
in June through and August of 1998 were under predicted. However, the timing of ozone
prediction, the relative spatial increase in ozone prediction from west-to-cast and the
magnitude of under prediction in the eastern portion of the basin provide a measure of
confidence that the meteorological models and initial conditions input to the simulation
were performing well.

Mode] Performance Evaluation

Tables V-5a through V-5ac provides summaries of the overall model performance for 29
compounds that were simulated. The overall model performance is compared to meas-
urements collected at the ten MATES-II sites. The performance is provided on a monthly
and annual basis for each compound and the monitoring sites having the highest meas-
ured and highest simulated are provided. Measures of simulation performance include
estimates of systematic bias, gross error, and accuracy (where measurements were avail-
able). For this analysis which is focused on an annual average concentration simulation,
systematic bias provides the general tendency of the model simulation. Bias estimates for
those compounds measured at the detection limits reflect a significant degree of under-
prediction however the differences between simulated and measured concentrations are
negligible. On an annual basis model performance statistics are generally within 50 to 60
percent of measured annual concentrations.

Figures V-8a through V-8ac show the time-series plots of simulated and measured con-
centrations for those of the 29 compounds modeled at each of the ten MATES-II moni-
toring sites. While the time-series plots for compounds such as benzene, 1,3-butadiene,
perchloroethylene, toluene, and elemental carbon depict a clear trend, many of the com-
pounds were measured at or slightly above the detection limit. The time-series depiction
of the modeled trend for these compounds does not show significant performance “above
the noise of the modeling uncertainties.”
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Figure V-7a.  Comparison between UAM-TOX predicted (solid line) and measured (points) 1-hour
average ozone concentrations (pphm) at Hawthorne (April 1, 1998 — March 31, 1999).
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Figure V-7b,  Comparison between UAM-TOX predicted (solid line) and measured (points) 1-hour
average ozone concentrations (pphm) at Central LA (April 1, 1998 — March 31, 1999),
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Figure V-7c.  Comparison between UAM-TOX predicted (solid line) and measured (points) 1-hour
average ozone concentrations (pphm) at Azusa (April 1, 1998 — March 31, 1999).
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Figure V-7d.  Comparison between UAM-TOX predicted (solid line) and measured (points) 1-hour
average ozone concentrations {(pphm) at Pomona (April 1, 1998 — March 31, 1999).
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Figure V-7e.  Comparison between UAM-TOX predicted (solid line) and measured (points) 1-hour
average ozone concentrations (pphm) at Upland (April 1, 1998 — March 31, 1999).
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Figure V-7f.  Comparison between UAM-TOX predicted (solid line) and measured (points) 1-hour
average ozone concentrations (pphm) at San Bernardino (April I, 1998 — March 31, 1999).
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Figure V-7g.  Comparison between UAM-TOX predicted (solid line) and measured (points) I-hour
average ozone concentrations (pphm) at Rubidoux (April 1, 1998 — March 31, 1999).
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Figure V-7h.  Comparison between UAM-TOX predicted (solid line) and measure d (points) 1-hour

average ozone concentrations (pphm) at Crestline (April 1, 1998 — March 31, 1999),
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Figures V-9a through V-9ac show time-series plots of the residuals for the five com-
pounds. As seen in the figures, day to day variations between model estimates and meas-
ured concentrations may be as large as 100 percent or more. Yet, the large variations
between simulated and measured concentrations may reflect the subtle shifts in the timing
of wind transport and its impact on the calculation of the 24-hour average.

Figures V-10a through V-10ac show scatterplots for the 29 compounds (merged for the
10 monitoring sites). The solid diagonal line represents the perfect fit line (i.e., when
measured and predicted values are exactly the same and the dotted lines represent over-
or underpredictions by 50 percent. As seen in the figures, the models tend to simulate
measured concentrations within for lower concentrations with a slight tendency for over-
prediction. The higher concentrations for most of the compounds are generally underes-
timated.

For perchloroethylene, a compound found primarily from stationary and area source us-
age, the models tend to overpredict measured values. In particular, the models tend to
overpredict at Anaheim (see Figure V-10). More in-depth review of the perchloroethyl-
ene emissions inventory shows that there are several facilities with reported perchloro-
ethylene in the Anaheim area. At this time, it is not clear whether the Anaheim monitor-
ing site is located such that it is predominantly upwind of these sources or if the model is
accurately simulating these sources. One process for confirming the impact of these
sources is to conduct a focused monitoring program in and around these sources to de-
termine if higher concentrations do occur.

Table V-6 presents the simulated and measured annual average concentration for the 29
compounds measured at the 10 sites. The simulated annual averages were based on the
24-hour averages calculated for those days when 24-hour average measurements were
taken. The comparison between concentration reflects a reasonable degree of agreement,
particularly when the prediction and measurement were above the detection limits of the
field analysis.
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