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ABSTRACT 

This report presents the user instructions and data require- 
ments for SIMCO, a combined simulation and probability computer 
model developed to quantify and evaluate carbon monoxide in road- 
side environments. The model permits direct determinations of 
the probability of violating the one- and eight-hour National 
Ambient Air Quality Standards for carbon monoxide. It also pro- 
vides information on the magnitude and frequency of carbon monoxide 
concentrations. 

The probability of violating an air quality standard is a 
function of the random influences of meteorology, traffic volumes, 
emission patterns, and background pollution levels. SIMCO simu- 
lates carbon monoxide concentrations based on these parameters. 
Generally ten years of hourly concentrations are simulated for 
each analysis. The input data required by SIMCO are the source 
and receptor coordinates, representative historical meteorological 
records, temporal vehicle traffic volume and emission patterns, and 
.representative background pollutant statistics. 

The model can be used to provide a comprehensive microscale 
analysis for highway environmental impact studies and state imple- 
mentation plan hot spot analyses, and for monitor-siting studies 
to determine the attainment and maintenance of the standards for 
carbon monoxide. 
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Computer Models for Predicting the Probability of 
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by 
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In this report the input requirements and some details of 
the use of SIMC0 are discussed. The reader should refer to a 
report by Carpenter, Hudson, and White (1980) for the details 
of predicting P(V) using simulation. 

INPUT DATA 

The Appendix contains the computer listing for SIMC0 and 
study examples. The input data for SIMC0 fall into five cate- 
gories: geometric, traffic, background, temporal, and meteorolog- 
ical. The data requirements and data sources in each of these 
categories are discussed below. 

Geometric Data 

The geometric data required by SIMC0 are the number of the 
highway line sources emitting CO, their locations, and the loca- 
tion of the receptor. SIMC0 analyzes only highway line sources. 
Point sources are not presently addressed by SIMC0. Area sources 
are addressed as background CO. SIMC0 is capable of analyzing up 
to 13 highway line sources. 

A line source is assumed to be a single highway traffic 
lane having a spatially homogeneous (or nearly homogeneous) CO 
emission strength. All line sources are of finite length. They 
may cross over each other and they may connect end to end. Thus, 
for example, a single traffic lane having two or more distinct 
traffic density segments may be decomposed into two or more line 



soumces connected end •o end. Also, fore example, a single lane 
having •wo om mome diffemen• speed, zones may be decomposed into 
•wo om mome end •o end line soumces.* 

The coordinate system used to-locate the sources and meceptors 
is omiented with the +X dimecZion as East, the +Y dimection as 
Nomth, and the omigin being an a•bitrarily fixed point. The line 
source locations are specified by.giving the (East, Nomth) coordi- 
nates of the end points of the ground-level line sources. The 
meceptor location is specified by giving the (East, North) coomdi- 
nares of the receptor and the receptor'e elevation above ground 
level. The (EasZ, North) coomdinates used to specify source and 
meceptom locations are easily .determined from the Univemsal Trans- 
verse MemcaZor (UTM) coomdinates found on U. S. Geological Survey 
topogmaphic maps. Since UTM coordinates are expmessed in metres, 
the metre is the uniZ of measure used for specifying the source and 
receptom locations in SIMCO. In general, mome detailed maps than 
U.S.G.S. topographic maps will be necessary. Overlay. gmidding 
systems can be used ovem const?uction plans to determine geometric 
inputs, with the metre always being used as the unit of measure 
fore coomdinate inputs. 

Traffic Data 

The traffic data required by SIMCO are the speed-capacity re- 
lationship and the traffic data necessary to specify the expected 
traffic volume for each hour of a year. SIMCO employs the normal 
approximation to the Poisson distribution to obtain simulated hourly 
traffic volumes and speeds from the expected hourly traffic volumes. 
Specifically, S IMCO requires the following data for each line source- 
the slope of the speed-capacity relationship in mph/vehicle; the 
posted speed limit in mph; the annual average hourly traffic volume 
in vehicles/hour; the annual average vehicle type percentages; the 
annual average hot and cold start (catalyst) operating condition 
percentages; and the monthly, day-of-week, and hour-of-day factors 
for the vehicle type percentages and vehicle operating condition 
percentages. It also requires the average ratio of cold start non- 
catalyst operation to cold start catalyst operation. 

*For less detailed modeling, the line source could be modeled by 
lane groupings (i.e., modeling three northbound and three south- 
bound lanes as one northbound lane and one southbound lane. How- 
ever, this method is not recommended by the authors since it tends 
to artificially concentrate pollutants. 



In the simulation process SIMCO computes simulated hourly 
traffic volumes from avemage hourly traffic volumes at each hour 
in a year using the Poisson assumption. Under the Poisson as- sumption (Baerwald 1976; Highway Research Board 19S5), traffic 
volumes will have a Poisson distribution with a single parameter 
given by the average volume. Since the average volume for any intemesting site will generally be of an ordem of magnitude 
greater than 50 vehicles/hour, the Poisson distmibution can be 
appmoximated by a nommal distribution having the mean and variance 
equal Zo the avemage volume (Myer 19•5). 

It should be noted that the traffic data factors for SIMCO 
have the following properties" 

The sum of the monthly factors for any item, 
(such as percentage of diesel trucks) equals 
12. 

The sum of the day-of-week factors for any 
item equals 7. 

The sum of the hour-of-day factors for any 
item equals 24. 

There are many sources of traffic data and sources of informa- 
tion describing methods for collecting traffic data. Shirley and 
Benson (1980) discuss the traffic data requirements relative to 
air quality analyses and examine methods of collecting such data. 
Chaves (1980) also discusses some of the needs and problems asso- 
ciated with obZaining traffic data for air quality analyses. 
Pollack et al. (1979) examine some of the traffic data require- 
ments for air quality analyses and present some typical data on 
the relationship between traffic data and hour of day. Box and 
Oppenlander (1976) discuss the variations of traffic parameters 
with time throughout a year and Fresent graphs of typical hourly• 
day-of-week, and monthly variaZions in traffic volumes. DeMarrais 
(1977) presents the results of an empirical study relating the 
diurnal variation of traffic flow to the diurnal pattern of ob- 
served CO concentrations at several locations. Tittemore et al. 
(1972) present an empirical study of urban area travel relative 
to time of day. Graphical relationships between traffic and time 
of day for several study areas are included in the report. Buszek 
(1979) has analyzed extensive data relating traffic volumes to 
season and hour of day and categorized by the geographical region 
of the continental United States and local population. He also 
discusses trending patterns in the data and supports his arguments using historical data. The bulk of the data analyzed by Buszek 
were from national control stations maintained by the Department of 



Tmanspomtation, Fedemal Highway Administration (FHWA). The High- 
way Statistics Division of the FHWA obtains these data fmom parti- 
cipating state departments of transportation in the forum of hourly 
volume recomds for continuous automatic traffic recording stations. 
Additional data are available in state reports such as "Automatic 
Traffic Recordem Data " and "Average Daily Traffic Volumes on 
Interstate, Amterial, and Primamy Routes," which are published by 
the Vimginia Department of Highways and Tmanspomtation. Finally, 
state departments of transportation genemally have traffic engi- 
neering sections that collect, analyze, and project traffic data 
fom use in air quality analyses. The traffic engineering methods 
employed in these activities ame contained in works such as those 
of Zhe Highway Research Boamd (1965) and Baemwald (197•). The 
Highway Research Boamd (1965) reference contains graphs from which 
the slope of the speed versus-volume to capacity matios can be 
detemmined. 

Background •Data 

SIMCO requires as input the geometric means and geometric 
standard deviations of background •CO. These parameters are used 
with the lognormal distribution (Larsen 1971) to simulate hourly 
background CO concentrations. The principal source of background 
pollution data is the EPA's Storage and Retrieval of Aerometric 
Data system maintained by its National Aerometric Data Bank at 
Research Triangle Park, North Carolina. Under the SAROAD system, 
published volumes of Air Qua!i.ty..Annual Statistics are available 
from the EPA, Office of Air• Qualit.y P'lan•in'g and 'Standards, Re- 
search Triangle Park, North Carolina 27711. From these annual 
statistics one can find the annual geometric mean and geometric 
standard deviation of background CO at locations throughout the 
United States. Since there are significant fluctuations of CO 
with month and hour of day, SIMCO uses the hourly and monthly geo- 
metric mean CO concentrations as input. These data are not readily 
available in the SAROAD system and must be determined or estimated 
using other data. (Since hourly and monthly data are difficult to 
obtain, the geometric standard deviations are assumed to be con- 
stants.) State air quality departments may be able to supply 
hourly and monthly geometric mean data for given locations. Other- 
wise, one might use the annual geometric mean at one location as 
a scaling factor to scale monthly and hourly geometric means from 
another location expected to have similar background fluctuations. 
Dimitriades (1976) presents some data on the fluctuations of back- 
ground contaminants which may be helpful. If no information about 
the hourly and monthly variation of CO is available, the user must 
resort to using the annual geometric mean for each month and hour 
of day. 



The terms "geometric mean" and "geometmic standard deviation" 
are defined by Hunt (1972). A characteristic of the geometric 
mean is that if y is the pollution variable in •nits of, say, ppm, 
and YE. is the geometric meanof y in ppm, and if x is the pollution 
variaDle in units of, say, gm/m •, and Xg is the geometric mean of 
x in gm/m °, and y = ax where a is the conversion factor from gm/m 8 
to ppm, then it is also true that 

Y : a × x (1) 
g g 

Using the same notation and allowing s x geometric standard deviations of x 
andgy, 

show from Hunt's definitions that 

and • to indicate the •esp§•tively, 
one can 

Cgx • 
.... 

(2) 
gY 

SIMCO requires that the geometric means and geometric standard 
deviations of CO be specified based on units of ppm. Equation (i) 
states that if the available geometric mean data are based on units 
other than ppm, then a simple linear conversion will suffice to con- 
vert to geometric means based on units of ppm. Equation (2) states 
that the units upon which available data are based are of no conse- 
quence in specifying the geometric standard deviation, since the 
geometric standard deviation is independent of the units used to 
measure concentrations. 

Temporal Data 

Computer models that employ meteorological data collected by 
the National Weather Service are often based on a standard time 
clock and are, therefore, often confusing to the user who thinks 
in terms of a standard/daylight saving time clock. SIMC0 attempts 
to avoid this confusion by having all user-supplied inputs speci- 
fied in terms of the standard/daylight saving time clock. In 
this manner, for instance, the morning rush hour will be from, 
say, 7.00 a.m. to 9.00 a.m. every day of the year. The user simply 
specifies all inputs in terms of the actual clock time (be it 
standard time or daylight saving time) in effect during the month 
for which the input is to apply. To automatically handle the clock 
parameter, SIMC0 requires that the user specify the first and last 
months (to the nearest month) of daylight saving time. SIMC0 then 
internally converts the meteorological data, which are supplied in 
standard time, to the proper clock time depending on the month. 
All computations performed by SIMC0 are then executed relative to 
the actual clock time in effect for each month of the year. 



Meteor01o.$ical Data• 
SIMC0 requires as input a historical record of hourly meteor- 

ological conditions. This input is supplied to SIMC0 as the out- 
put file of the program PWCLASS created by Carpenter, Heisler, 
and Curling (1979). Each record of the meteorological input file 
contains the year, month, day, and hour of the observation, the 
wind direction and speed, the temperature, and the atmospheric 
stability class. SIMCO uses the temporal data on the meteoro- 
logical file to control the hourly simulation process and uses 
the windspeed, wind direction, temperature, and stability class 
data to estimate the hourly CO concentration for each simulated 
hour. 

NOTES ON SIMCO 

SIMCO evaluates the probability of violating a C0 standard 
based on maximum allowable one- and eight-hour CO concentrations 
supplied by the user as two of the SIMCO inputs. This feature of 
SIMC0 allows the user to find the probability of exceeding any 
chosen CO concentration more than once per year. 

In addition to predicting the probability of violation based 
on CO contributed from background and highway sources, SIMC0 pre- 
dicts the probability of violation assuming that the only source 
is the background. The violation probability obtained by considering 
only background C0, denoted by P [V(B)], informs the user of the 
degree (relative-to the specified.C0 standard) to which the back- 
ground air is polluted without the effects of any additional sources. 

For comparison and testing purposes, SIMC0 also performs three 
probability analyses in addition to the maximum likelihood analysis 
discussed by Carpenter, Hudson, and White (1980) and the analyses 
described above. These analyses are the Larsen analysis, binomial 
analysis, and the annual average analysis. 

Using the lognormal probability model presented by Larsen 
(1971), SIMC0 predicts the expected annual maximum and expected 
annual second-maximum CO concenZrations. The model also outputs 
the mean and standard deviation of the natural logarithms of the 
simu!a•ed CO concentrations. Using these statistical outputs and 
a table of normal probabilities• one can estimate the Larsen proba- 
bility of violation; that is estimate the violation probability• 
assuming that sequential pollution levels are independent• iden- 
tically distributed lognormal random variables. 



Using the binomial assumption, $IMC0 makes a maximum likeli- 
hood estimate of the probability of violation conditioned on a 
calendar year starting time based on calendam year meteomological 
data. In omder to pmedict this condition probability, SIMCO assigns 
values of Yi = I for each simulated calendar year (year i) in 
which the standamd is exceeded twice or mome, and assigns values 
of Yi 0 othemwise. Undem the assumption that a time lag of one 
yearn is sufficient to ensure independence, SIMCO estimates Py-0(V) 
and Var [P•-0(V)], the maximum likelihood estimate and vamiance of 
the maximum likelihood estimate of the calendar year conditioned 
probability of violation, fmom the following formulations given by 
Myem (1975): 

N P•_0(V)- ( • yi)/N, and 
i-i 

(3) 

VamEP• 0(V)] P (V) [•-P (V)]/N •:0 •-0 (4) 

where N is the total number of simulated years. 

Using the Central Limit Theorem, SIMCO outputs the average 
and the standard deviation of the calendar-year averages of hourly 
average CO concentrations (both with and without the highway sources). 
Since there are 8,760 hours in a year, the Central Limit Theorem 
(Myer 1975) states that the yearly average hourly CO concentration 
should be approximately distributed. (Note- The yearly average 
concentration is not the same as the hourly average concentration. 
In particular, hourly average concentrations are not normally 
distributed.) Thus one can use the average and standard deviation 
of the calendar-year averages of hourly average CO concentrations 
with a table of normal probabilities to determine P[V(M)] and 
P[V(YB)], the probabilities of violating any yearly average CO 
standard where M and YB are the calendar-year averages of hourly 
average CO concentrations with and without the highway sources, 
respectively. 

In the next section the input variables for SIMCO are defined. 





AHT 

APCS 

APDT 

APGT 

APHS 

APLT 

DSTMI 

DSTM2 

FCSD 

FCSH 

GLOSSARY OF INPUT VARIABLES FOR SIMC0 

REAL ARRAY DIMENSION 13 INPUT. 
THE ANNUAL AVERAGE TRAFFIC VOLUME IN VEHICLES/HOUR 
INDEXED BY SOURCE. 

REAL ARRAY DIMENSION 13 INPUT. 
ANNUAL AVERAGE PERCENT COLD STARTS INDEXED BY SOURCE. 

REAL ARRAY DIMENSION 13 INPUT. 
ANNUAL AVERAGE PERCENT DIESEL TRUCKS INDEXED BY SOURCE 

REAL ARRAY DIMENSION 13 INPUT. 
ANNUAL AVERAGE PERCENT GAS TRUCKS INDEXED BY SOURCE. 

REAL ARRAY DIMENSION 13 INPUT. 
ANNUAL AVERAGE PERCENT HOT STARTS INDEXED BY SOURCE. 

REAL ARRAY DIMENSION 13 INPUT. 
ANNUAL AVERAGE PERCENT LIGHT TRUCKS INDEXED BY SOURCE. 

INTEGER SCALAR INPUT. 
THE FIRST MONTH OF DAYLIGHT SAVING TIME. 

INTEGER SCALAR INPUT. 
THE LAST MONTH OF DAYLIGHT SAVING TIME. 

REAL SCALAR INPUT. 
THE RATIO OF COLD START NON-CATALYST OPERATION TO COLD 
START CATALYST OPERATION. 

REAL ARRAY DIMENSION 13.7 INPUT. 
DAY-OF-WEEK PERCENT COLD START FACTORS INDEXED BY 
SOURCE AND DAY. FCSD (I,D)*•CSM(i,M)*APCS(I) IS THE 
AVERAGE HOURLY PERCENT COLD STARTS FOR DAY-OF-WEEK 
MONTH M• AND SOURCE I. 

REAL ARRAY DIMENSION 13.25 INPUT. 
HOUR-OF-DAY PERCENT COLD START FACTORS INDEXED BY 
SOURCE AND HOUR. FCSH (I,H)*FCSD(I,D)*FCSM(I,M) •APCS(I 
IS THE AVERAGE HOURLY PERCENT COLD STARTS FOR 
HOUR-OF-DAY H, DAY-OF-WEEK D, MONTH M, AND SOURCE I. 

NOTE, FCSH(I,25) IS SET EQUAL TO FCSH(I,L) 
INTERNALLY TO HANDLE THE DAYLIGHT SAVING TIME CONDITION. 
FCSH IS INPUT RELATIVE TO "CLOCK tw TIME. FOR INSTANCE, 
FCSH(I,9) WOULD BE THE FACTOR FOR 9 AM STANDARD TIME 
FOR NOVEMBER THROUGH APRIL, AND FCSH(I,9) WOULD BE THE 
COLD START FACTOR FOR 9 AM DAYLIGHT SAVING TIME FOR MAY 
THROUGH OCTOBER. $O THE TIME REFERENCE FOR FCSH (AND FOR 
ALL INPUT TERMS WHICH ARE RELATIVE TO ITCLOCK" TIME) IS 
THAT TIME WHICH WE WOULD HEAD ON THE CLOCK. ANOTHER WAY 



FCSM 

FDTD 

FD TH 

FDTM 

FGTD 

FGTH 

FGTM 

FHSD 

FHSH 

TO EXPRESS THIS NOTION IS THAT "CLOCK" TIME REFERENCES 
ARE EITHER ST OR DST WHICHEVER IS APPLICABLE TO THE 
MONTH UNDER CONSIDERATION. 

REAL ARRAY DIMENSION 13, 12 INPUT. 
MONTHLY PERCENT COLD START FACTORS INDEXED BY SOURCE 
AND MONTH. FCSM (I,M)*APCS(I) IS THE AVERAGE HOURLY 
PERCENT COLD STARTS FOR MONTH M AND SOURCE I. 

REAL ARRAY DIMENSION 13.7 INPUT. 
DAY-OF-WEEK PERCENT DIESEL TRUCK FACTORS INDEXED BY 
SOURCE AND DAY. FDTD(I,D)*FDTM(I,M)*APDT(I) IS THE 
AVERAGE HOURLY PERCENT DIESEL TRUCKS FOR DAY-OF-WEEK D, 
MONTH M, AND SOURCE• I. 

REAL ARRAY DIMENSION 13,25 INPUT. 
HOUR-OF-DAY PERCENT DIESEL TRUCK FACTORS INDEXED BY 
SOURCE AND HOUR. FDTH (I,M)*FDTD(I,D)*FDTM(I,M)*APDT(I) 
IS THE AVERAGE HOURLY PERCENT DIESEL TRUCKS FOR 
HOUR-OF-DAY H, DAY-OF-WEEK D, MONTH M, AND SOURCE I. 
SEE NOTE UNDER F CSH, 

REAL ARRAY DIMENS10N 13, 2 :•,.NPUT. 
MONTHLY PERCENT DIESEL TRUCK FACTORS INDEXED BY SOURCE 
AND MONTHo FDTM(I,M)*APDT(I IS THE AVERAGE HOURLY 
PERCENT DIESEL TRUCKS FOR MONTH M AND SOURCE I. 

REAL ARRAY DI 
MENS!--ON 

• 3,7 ! NPUT. 
DAY-OF-WEEK PERCENT GAS TRUCK FACTORS ZNDEXED BY 
SOURCE AND DAY. FGTD(I,D)*FGTM(I,M)*APGT(I) IS THE 
AVERAGE HOURLY PERCENT GAS TRUCKS FOR DAY-OF-WEEK D, 
MONTH M, AND SOURCE I. 

REAL ARRAY DIMENSION ].3,25 INPUT. 
HOUR-OF-DAY PERCENT GAS TRUCK FACTORS INDEXED BY 
SOURCE AND HOUR. FGTH(I,H)*FGTD(I,D)*FGTM(I,M)*APGT(I 
IS THE AVERAGE HOURLY PERCENT GAS TRUCKS FOR 
HOUR-OF-DAY H, DAY-OF-WEEK D, MONTH M, AND SOURCE I. 
SEE NOTE UNDER F CSH. 

REAL ARRAY DIMENSION 13, 12 INPUT. 
MONTHLY PERCENT GAS TRUCK FACTORS INDEXED BY SOURCE 
AND MONTH. FGTM(I,M)*APGT(I IS THE AVERAGE HOURLY 
PERCENT GAS TRUCKS FOR MONTH M AND SOURCE I. 

REAL ARRAY DIMENSION 13,7 INPUT. 
DAY-OF-WEEK PERCENT HOT START FACTORS INDEXED BY 
SOURCE AND DAY. FHSD (I,D)*FHSM(I,M)*APSH(I) IS THE 
AVERAGE HOURLY PERCENT HOT STARTS FOR DAY-OF-WEEK D, 
MONTH M, AND SOURCE I. 

REAL ARRAY DIMENSION 13,25 INPUT. 
HOUR-OF-DAY PERCENT HOT START FACTORS INDEXED BY 
SOURCE AND HOUR. FHSH(I,H)*FHSD(I,D)*FHSM(I,M)*APHS(I) 
IS THE AVERAGE HOURLY PERCENT HOT STARTS FOR 
HOUR-OF-DAY H, DAY-OF-WEEK Do MONTH M• AND SOURCE I. 
SEE NOTE UNDER FCSH. 

I0 



FHSM 

FLTD 

FLTH 

FLTM 

FTVD 

FTVH 

FTVM 

HGCO 

REAL ARRAY DIMENSION 13, 12 INPUT. 
MONTHLY PERCENT HOT START FACTORS INDEXED BY SOURCE 
AND MONTH. FHSM (I,M) •APHS(I IS THE AVERAGE HOURLY 
PERCENT HOT STARTS FOR MONTH M AND SOURCE I. 

REAL ARRAY DIMENSION 13,7 INPUT. 
DAY-OF-WEEK PERCENT LIGHT TRUCK FACTORS INDEXED BY 
SOURCE AND DAY. FLTD(I,D)•FLTM(I,M) •APLT(I IS THE 
AVERAGE HOURLY PERCENT LIGHT TRUCKS FOR DAY-OF-WEEK D, 
MONTH M, AND SOURCE I. 

REAL ARRAY D I HENS I ON 13 25 INPUT. 
HOUR-OF-DAY PERCENT LIGHT TRUCK FACTORS INDEXED BY 
SOURCE AND HOUR. FLTH(I ,H)•FLTD(I,D)•FLTM(I,M) •APLT(I 
IS THE AVERAGE HOURLY PERCENT LIGHT TRUCKS FOR 
HOUR-OF-DAY H, DAY-OF-WEEK D, MONTH M, AND SOURCE I. 
SEE NOTE UNDER F CSH. 

REAL ARRAY DIMENSION 13, 12 INPUT. 
MONTHLY PERCENT LIGHT TRUCK FACTORS INDEXED BY SOURCE 
AND MONTH. FLTM(I ,M)•APLT(I IS THE AVERAGE HOURLY 
PERCENT LIGHT TRUCKS FOR MONTH M AND SOURCE I. 

REAL ARRAY D I HENS I ON 13,7 INPUT. 
DAY-OF-WEEK TOTAL VEHICLE TRAFFIC VOLUME FACTORS INDEXED 
BY SOURCE AND DAY. FTVD(I,D)*FTVM(I,M)*AHT(I IS THE 
AVERAGE HOURLY TRAFFIC VOLUME FOR DAY-OF-WEEK D, MONTH M, 
AND SOURCE I IN VEHICLES/HOUR. 

REAL ARRAY DIMENSION 13,25 INPUT. 
HOUR-OF-DAY TOTAL VEHICLE TRAFFIC VOLUME FACTORS INDEXED 
BY SOURCE AND HOUR. FTVH (I,H)*FTVD(I,D)*FTVM(I,M)*AHT(I 
IS THE AVERAGE HOURLY TRAFFIC VOLUME FOR HOUR-OF-DAY H, 
DAY-OF-WEEK D, MONTH M, AND SOURCE I IN VEHICLES/HOUR. 
SEE NOTE UNDER F CSH. 

REAL ARRAY D I HENS I ON 13 i 2 INPUT 
MONTHLY TOTAL VEH I CLE TRAFF I C VOLUME FACTORS INDEXED BY 
SOURCE AND MONTH. FTVM (I,M)*AHT(I) IS THE AVERAGE HOURLY 
TRAFFIC VOLUME FOR MONTH M AND SOURCE I IN VEHICLES/HOUR. 

REAL ARRAY-- DIMENSION 25,12-- INPUT. 
THE GEOMETRIC MEAN OF THE PPM CO BACKGROUND INDEXED 
BY HOUR AND MONTH.. MGCO IS CONVERTED TO THE MEAN OF THE 
LN(CO)BEFORE USE. NOTE THAT MGCO(25,J) IS SET TO 
MGCO(I,J) INTERNALLY TO HANDLE THE DAYLIGHT SAVING 
TIME CONDITION. MGCO IS INPUT RELATIVE TO '•CLOCK '• (SEE 
FCSH)TIME. NOTE, THAT MGCO IS VERY NEARLY APPROXIMATED 
BY THE ARITHMETIC MEAN. THUS, IF GEOMETRIC MEANS ARE 
UNAVAILABLE, THE ARITHMETIC MEANS MAY BE USED. 



N•MYR 

NS 

OX,OY,OZ 

SGCO 

STAND 

STAND8 

TEST 

TS 

TSPD 

X1,Y1 

X2,Y2 

INTEGER SCALAR INPUT. 
THE NOMINAL YEAR FOR THE ANALYSIS. 

INTEGER SCALAR INPUT. 
THE NUMBER OF SOURCES (ROADWAYS) USED IN THE ANALYSES. 

REAL SCALARS INPUTS. 
THE X, Y, AND Z COORDINATES OF THE RECEPTOR LOCATION 
I N METRES. 

REAL ARRAY DIMENSION 12 INPUT. 
THE GEOMETRIC STANDARD DEVIATION OF THE BACKGROUND CO 
INDEXED BY MONTH FOR CQ IN PPM. SGCO IS CONVERTED TO 
THE STANDARD DEVIATION OF LN(CO) BEFORE USE. 

REAL SCALAR INPUT. 
THE CO LEVEL IN PPM NOT TO BE EXCEEDED MORE THAN 
ONCE PER YEAR. 

REAL SCALAR INPUT. 
THE EIGHT HOUR CO STANDARD IN PPM NOT TO BE EXCEEDED MOR 
THAN ONCE PER YEAR. THIS PROGRAM ASSUMES A COUNTING 
SCHEME FOR THE EIGHT HOUR STANDARD WHICH SKIPS AHEAD 
EIGHT HOURS WHENEVER AN EIGHT HOUR AVERAGED CO LEVEL 
EXCEEDING STAND8 IS FOUND. 

LOGICAL SCALAR INPUT. 
IF TEST EQ. TRUE. 1THEN THE PROGRAM WILL OUTPUT 
AUXILIARY INFORMATION FROM THE SIMULATION. 

REAL ARRAY D I MENS I ON 13 INPUT. 
THE SLOPE OF THE SPEED VOLUME RELATIONSHIP IN 
MPH/(VEH/HR) INDEXED BY SOURCE. 

REAL ARRAY D I MENSION 1 3 INPUT. 
THE POSTED SPEED LIMIT IN MPH INDEXED BY SOURCE. 

REAL SCALARS INPUTS. 
THE X AND Y COORDINATES OF THE WEST-MOST END POINT OF A 
ROADWAY, IN METRESo 

REAL SCALARS INPUTS. 
THE X AND Y COORDINATES OF THE EAST-MOST END POINT OF A 
ROADWAY IN METRES. 

The next section details the specific input card sequence and 
fommat requirements fore SIMCO. 
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CARD SEQUENCE AND FORMAT 

Inpu t Da_t_a R.equiFe..ment .s 

Card I, Format (12)- NOMYR 

Column I- The nominal year of the analysis. 

Card 2, Format (2(F5.0, IX), LI)- STAND, STANDS, TEST 

Column i" Maximum allowable one hour CO concentration 
in ppm. 

Column 7- Maximum allowable eight hour CO concentration 
in ppm. 

Column 13. In general use an "F". A value of "T" will 
generate additional histogram results. 
(see listing.) 

Card 3, Format (3(Fg.0, IX))" 0X,0Y,0Z 

Column i" The X coordinate of the receptor in metres. 

Column 8- The Y coordinate of the receptor in metres. 

Column 15- The Z coordinate of the receptor in metres. 

Card 4, Format (12). NS 

Column i- The number of line sources, (NS<I3)- 

Let K 4. 

For I I to NS (for each value of I, input the following card). 

Card K + I, Format (4(F6.0,IX), F2.0,IX, F7.4). 
XI,YI,X2,Y2,TSPD(1) ,TS(1) 

Column i" The X coordinate in metres of the West-most 
end of line source I. 

Column 8. The Y coordinate in metres of the West-most end 
of line source I. 

Column 15- The X coordinate in metres of the East-most end 
of line source I. 

Column 22- The Y coordinate in metres of the East-most-end 
of line source I. 
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Column 29 The posted speed limit in mph fore line source I. 

Column 32- The slope in mph/veh of the speed capacity 
relationship for line source I. 

Let K- 4+NS+I. 

Let Card K, Format (F6.0)- 

Column l- The ratio of cold start non-catalyst operation 
to cold start catalyst operation. 

Let K-K+I- 

Card K, Format (13F6.0)- (AHT(1), I=i, NS) 

Column (6xi)-5. The annual average hourly traffic volume 
in veh/hr for source I, I-I to NS. 

Let K--K+I- 

Card K, Format (13F6.0)" (APGT(1),I-I, NS) 

Column (6xi)-5- The annual average heavy duty gas truck 
percentage for source I, I-I to NS. 

Let K-K+I- 

Card K, Format (13F6.0)- (APDT(1), I=I,NS) 

Co i umn (6xi)-5. The annual average diesel truck percentage 
for source I,I-i to NS. 

Let K--K+I- 

Card K, Format (13F6.0)- (APLT(1), I--I, NS) 

Column (6×I)-5- The annual average light truck percentage 
for source I,I-I to NS. 

Let K-K+ i- 

Card K, Format (13F6.0); (APHS (I), I-l, NS) 

Column (6xi)-5. The annual average hot 
for source I,I-i to N S. 

start percentage 

Let K--K+I. 

Card K, Format (13F6.0)- (APCS(I) ,I-L,NS) 
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Column (6xi)-5: 

For M = I to 12 

The annual average cold start (catalyst) 
percentage for source I, I-i to NS. 

(For each value of M, 
six cards.) 

input the following group of 

Card K+L+(M-I)x6, Format (13F6.0) (FTVM(I,M), I-I,NS) 

Column (6xi)-5: The monthly factor for the total hourly 
traffic volume for month M and source I, 
I-i to NS. 

Card K+2+(M-I)x6, Format (13F6.0): (FGTM(I,M), I-I,NS) 

Column (6xi)-5: The monthly factor for the heavy duty 
gas truck percentage for month M and 
source i, I=i to NS 

Card K=3+(M-I)x6, Format (13F6.0): (FDTM (I,M),I=I, NS) 

Column (6xi)-5: The monthly factor for the diesel 
truck percentage for month M and source 
I=i to NS. 

Card K+4+(M-I)×6, Format (13F6.0). (FLTM (I,M), I=i, NS) 

Column (6xi)-5: The monthly factor for the light truck 
percentage for month M and source I, 
I=I to NS. 

Card K+5+(M-I)×6, Format (13F6.0). (FHSM (I,M), I=i, NS) 

Column (6xi)-5: The monthly factor for the hot start 
percentage for month M and source I, 
I=i to NS. 

Card K+6+(M-I)x6, Format (13F6.0): (FCSM (I,M), I=I, NS) 

Column (6xi)-5: The monthly factor for the cold start 
(catalyst) percentage for month M and 
source I, I=l to NS. 

Next M: 

Let K K+72 
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For D = i to 7 (For each value of D, 
of six cards.) 

input the following group 

Card K+I+(D-I)x6, Format (!3F6.0): (FTVD (I,D), I-i, NS) 

Column (6xi)-5: The day-of-week factor for the total 
hourly traffic volume for day D and 
source I, I=l to NS. 

Card K+2+(D-I)x6, Format (13F6.0): (FGTD (I,D), I:i, NS) 

Column (6×I)-5: The day-of-week factor for the heavy 
duty gas truck percentage for day D 
and source I, I-i to NS. 

Card K+3+(D-I)x6, Format (13F6.0)- (FDTD (I,D), I:I, NS) 

Column (6xi)-5: The day-of-week factor for the diesel 
truck percentage for day D and source I, 
I=l to NS. 

Card K+4+(D-I)x6, Format (13F6.0): (FLTD (I,D), I:i, NS) 

Column (6×I)-5: The day'of-week factor for the light 
truck percentage for day D and source I, 
I=l to NS. 

Card K+5+(D-I)x6, Format (13F6.0). (FHSD (I,D), I-I, NS) 

Column (6xi)-5- The day-of-week factor for the hot 
start •percentage for day D and source I, 
I=i to NS. 

Card K+6+(D-I)×6, Format (13F6.0): (FCSD (I,D), I=I, NS) 

Column (6xi)-5: The day-of-week factor for the cold 
start (catalyst) percentage for day D 
and source I, I=i, to NS. 

Next D 

Let K = K+42: 

For H : I fo 24 (For each value of H, 
six cards.) 

input the following group of 
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Card K+I+(H-I)x6, Format (13F6.0): (FTVH (I,H), I:l, NS) 

Column (6xi)-5: The hour-of-day factor for the total 
hourly traffic volume for hour H and 
source I, I=l to NS. 

Card K+2(H-I)×6, Format (13F6.0): (FGTH (I,H), I:l, NS) 

Column (6xi)-5: The hour-of-day factor for the heavy 
duty gas truck percentage for hour H 
and source I, I=l to NS. 

Card K+3+(H-I)×6, Format (13F6.0): (FDTH (I,H), I:l, NS) 

Column (6xi)-5: The hour-of-day factor for the diesel 
truck percentage for hour H and source I, 
I:I to NS. 

Card K+4+(H-I)x6, Format (13F6.0): (FLTH (I,H), I:i, NS) 

Column (6xi)-5: The hour-of-day factor for the light 
truck percentage for hour H and source 
I=l to NS. 

Card K+5+(H-I)x6, Format (13F6.0): (FHSH (I,H), I:I, NS) 

Column (6xi)-5: The hour-of-day factor•-for the hot 
start percentage for hour H and 
source I, I=l to NS. 

Card K+6+(H-I)×6, Format (13F6.0): (FCSH (I,H), I:I, NS) 

Column (6xi)-5: The hour-of-day factor for the cold 
start (catalyst) percentage for hour 
H and source I, I=l to NS. 

Next H 

Let K : K+144+I: 

Card K, Format (12F6.0): (SGCO (M), M:I, 12) 

Column (6xM)-5: The geometric standard deviation of CO 
concentration (relative to ppm CO) for 
month M, M=I to 12. 

Let K : K+I: 

17 



For H = 1 to 2• (For each value of H, input the following card.) 

Card K+H, Format (12F6.0). (MGC0 (H,M), M:I, 12) 

Column (6×M)-5. The geometric mean of CO concentration 
relative to ppm CO for hour-of-day H 
and month X, M-I to 12. 

Next H- 

Let K- K+24+I. 

Card K, Format (12, Ix, 12)- DSTMI. DSTM2 

Column I" The first month of daylight saving time. 

Column 4- The last month of daylight saving time. 
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EXAMPLE APPLI CATI ON S 

Overview 

In this section, three study examples are presented. Unlike 
worst-case modeling, SIMCO simulates concentrations using histor- 
ically derived input data for each one-hour time period in a year 
and then evaluates the simulated concentrations statistically to 
provide direct comparison to the NAAQS's. The model requires in- 
put for all hours in a year. Even if only one air quality event is 
of concern, it must be evaluated in perspective with all other such 
events in a year. It is essential to input appropriate source- 
emission data, background CO data (CO which would exist even if 
the highways were not present), and a representative meteorological 
record of statistically valid duration (e.g., ten years). Proper 
site selection is also necessary to obtain informative results. 
When a study site is analyzed with SIMCO, the reception is assumed 
to receive continuous year-round exposure (similar to that for a 
continuously monitored site). Although the sites and their asso- 
ciated geometry provided in the examples are hypothetical, efforts 
were taken to represent realistic study conditions. 

For the examples, data inputs were obtained using Virginia- 
specific information with the exception of hot and cold operating 
condition estimates. These were derived from The Determination of 
Vehicu•lar Cold_ _a_nd. Ho.t 0perating•..F•actions for.. Esti•a_ti'ng •ig.hway- 
Emiss..i.on.•., September, 1978, by George E']I•S et al US DOT, FHWA. 
Data representative of background CO (which would exist even with- 
out the modeled highways) were obtained from monitoring records of 
a local air pollution agency. A ten-year meteorological record 
was obtained from a National Weather Service tape of data from a 
local airport. 

Care was taken to assure that the hypothetical sites were 
located in microscale regimes. References on siting criteria 
should be consulted to determine proper application of the model. 
The receptor site coordinates in the examples identify the analyses 
as either hot spot or Environmental Impact Statement studies. The 
height of two metres represents approximate breathing height (over 
1.5 metres). Monitor-siting guides would have dictated an eleva- 
tion near three metres. SIMC0 models all line sources as at-grade 
with surrounding terrain. Although receptor height is a variable 
input, it is relative to the same ground elevation.as the source(s). 
Appropriate center of lane to receptor set-back distance will vary 
according to siting criteria guidelines. What is considered rea- 
sonable (or practical) can vary based on the objective, the type of 
study, and particular circumstances at a site. It should be 
recognized that SIMCO assumes year-round exposure at a receptor. 



The probability of whether an actual receptor occupies a site on 
less frequent periodic intervals is not accounted for in the 
model. A site should, at a minimum, represent a location where 
the potential to violate the NAAQS's is high and where a member 
of the general public would have continuous year-round access (i.e., exposure). 

As previously stated in this report, SIMCO computes the 
probability of violation based on a maximum likelihood analysis 
and provides additional information pertaining to the magnitudes 
and frequencies of carbon monoxide concentrations. The results 
of the maximum likelihood analysis are the preferred evaluative 
statistics as discussed by Carpenter in A Procedure for Estimating 
•he Frequency Distribution of CO Levels •n th'e •i•hr•o•-•eg'ioh o'f a 
Highw'ay, Jhn• l••7••virginia Hig••ay ind Transpor't'ation Researc• 
coun•il. Additional information is provided by SIMCO for research 
and comparison purposes. 

The maximum likelihood analyses are based on a simulated 
history of CO concentrations. The output item P1 is the proba- 
bility of any random one-hour concentration being greater than 
the specified standard. The output item P01 is the probability 
of any random one-hour concentration less than the standard being 
followed by a one-hour concentration great, er than the standard. 
The eight-hour maximum likelihood analysis is similar to the one- 
hour analysis. The only major difference is that the eight-hour 
analysis is based on overlapping eight-hour average concentrations. 

In the lognormal (Larsen 1971) analysis performed by SIMCO, 
pollution levels are assumed to be identically distributed, se- 
quentially independent random variables from a lognormal distribu- 
tion. (An assumption which is not generally accepted.) SIMCO 
produces estimates of the maximum and second maximum concentration 
estimates based on the geometric mean and standard geometric devia- 
-tion of the simulated levels. Using themean and standard devia- 
tions of the natural logarithms from the example printout, and a 
normal cumulative distribution table, the Larsen one-hour proba- 
bility of violating the NAAQS can be determined by first examining 
the area of probability (Pt, or I-F(x)) defined above-the test 
point of Z standard deviations where 

Z- 
£n (X ppm) -(Mean of the £n of the concentrations) 
(stan•dard d'•viat'ioh•of the £n-of-'•h'e honhent•i/io•s 

and X = the specified standard. The probability (Pt) corresponding 
to the test point Z may be translated to the probability of exceed- 
ing the specified standard twice or more.inany random year by sub- 
stituting the value (Pt) into the equation 



Probability. of Violation 
: 

!- [i- (P)]8,760-8760 (P) [i- (P)]8,759. 

In the binomial calendar year analysis performed by SIMCO, 
each simulated calendar year is tested for two or more one-hour 
concentrations exceeding the standard. Assuming independence 
between successive calendar years, the fraction of calendar 
years having two or more concentrations above the standard is 
the probability of violation. 

The yearly average analysis performed by SIMC0 provides the 
averages and standard deviations of the calendar-year average hour 
concentrations with and without the modeled highway sources. These 
statistics are similar to those traditionally found in monitoring 
summaries. The probability of violating a yearly-average hourly 
standard may be determined from these parameters by first deter• 
mining Z as 

Standard Concentration Average Concentratio 

Standard Devi,ation of the 
Yearly Hourly Average Concentration 

and then finding the probability of exceeding Z. 

Examples 

The specific scenarios and analysis results for each example 
are discussed below. Dimensional illustrations of the site geom- 
etry and computer output for each example are also provided for 
reference. Data inputs prepared as described in the main text 
are provided on the computer output of each example. 

E x.,amp l.e., .A 

General Description 

In this example a study site adjacent to a six-lane, limited 
access highway is examined. The receptor is approximately eleven 
metres west of the center of the nearest lane. The highway is 



aligned in a nomth-south direction and carries bi-directional 
traffic of moderate volume (refer to Figure A-I and the computer 
output sheets for example A). Northbound traffic is heaviest in 
the morning. Southbound traffic is heaviest in evening. Hot 
and cold vehicle operation modes vary by hour, but not by direc- 
tion of travel. Monthly and day of week traffic and emission 
patterns do not vary appreciably. Average vehicle speed (posted 
speed) is 85 miles per hour (56.8 km/hr) and decreases approxi- 
mately four miles per hour per thousand vehicles per hour per lane. 
The background CO (without the highway) is low to moderate (this 
fact is not readily apparent from the input). The data describe 
conditions for a nominal year of 1980. Ten years of hourly CO 
concentrations are simulated using ten years of meteorological 
data. 

Analysis of Results 

The maximum likelihood analysis shows that for this example 
the probability of violating the one-hour NAAQS is zero. The 
probability of violating the one-hour NAAQS with only CO back- 
ground is, logically, also zero. The probability of violation 
assuming a lolgnormal fit of the simulated concentrations is also 
zero. This estimate was calculated using a test point, Z, of 
•.S•, which corresponds to a Pt below 0.000001. The binomial 
calendar year analysis also shows zero as the one-hour probability 
of violation. 

The maximum one-hour simulated total concentration given in 
the output histogram is in the 19 to 20 ppm range and is higher 
than the 15 ppm maximum estimate based on the lognormal fit of the 
simulated concentrations. The maximum likelihood analysis eight- 
hour probability of violation is zero. In view of these statistics 
the-facility, as modeled for the nominal year• would not result in 
a violation of the NAAQS's at the hypothetical site. 



Figure A-I. Example A. 
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Example B 

General Description 

In this example a study site located northeast of an inter- 
section with three road approaches is examined. Each road ap- 
proach consists of four lanes. The receptor, at its minimum 
distance from the sources, is east of the northernmost road sec- 
tio.n approximately five metres from the center of the nearest 
lane. (Refer to Figure A-2 and computer output sheets for example 
B). At this point, the receptor is unusually close to the road. 
The highways carry bi-directional traffic of moderate to heavy 
volume. Traffic is heaviest in the evening for southbound and 
westbound lanes. Northbound and eastbound volumes are heaviest 
in the morning. Hot and cold operation modes vary by time of day, 
although not by direction. Typical monthly and day-of-week volumes 
vary only a little. The speeds for the northern and southern road 
legs are 25 miles per hour (40.2 km/hr) and decrease by four miles 
per hour per thousand vehicles per hour per lane. The speed for 
the eastern leg is below the normal posted speed. All vehicles 
must perform a 90-degree turning movement, which decreases the 
operating speed for this leg near the intersection. The average 
speed is 20 miles per hour (32.2 km/hr) and decreases at a rate of 
six miles per hour per thousand vehicles per hour per lane. The 
data describe conditions for the nominal year 1980. The same 
background CO and ten-year meteorological record used in example A 
were used in this example. 

Analysis of Results 

The maximum likelihood analysis shows that the probability 
of violating the one-hour NAAQS is 59.41 percent. This means that 
the likelihood of exceeding 35 ppm twice or more in any random one- 
year period would be 59.41 percent The probability of violating 
the one-hour NAAQS with only background CO is zero. This implies 
that the highways are the major contributors to the high CO con- 
centrations To determine the probability of violation assumin= 
the lognormal fit, the test point Z is first calculated using 
0.297424 and 0.774572, respectively, as the mean and standard 
deviation of the logarithms of the simulated concentrations. The 
resultant Z 4.21 corresponds to a probability of violation of 
about 0.4 percent. The binomial calendar year analysis provides 
a probability of violation of 60 percent. The output histogram 
shows that out of ten years of simulated one-hour concentrations 
(87,647 hours), 20 one-hour concentrations exceeded 35 ppm. The 
Larsen lognormal fit estimate of the CO maximum is 25.8 ppm, assuming lognormality of the simulated levels. (Note that the 
output histogram shows 68 CO levels occurred in excess of 26 ppm.) 
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The eight-hour pmobability of violation fmom the maximum likeli- 
hood analysis is ii.ii percent. This is the likelihood of contin- 
uous eight-hour average concentrations being greater than 9 ppm 
twice o• more in any mandom one-year pemiod where overlapping 
periods in which the standard is exceeded are counted as a 

singl'e 
occurrence. 

In view of the pmoximity of the receptom to the moad, this 
conclusion is not surpmising. The likelihood of violating the 
eight-hour NAAQS may seem surprisingly low (Ii. Ii percent) in view 
of the one-hour results. Howevem, as indicated earlier, the back- 
ground CO is low and adverse soumce-emission and meteorological 
conditions must persist for pemiods up to eight hours to yield 
high eight-hour concentmations. The likelihood of violating the 
eight-bourn NAAQS in any random one-year pemiod is only ii percent 
and should not be a primary concern. When analysis results (such 
as those given in this example for the one-hour probability of 
violation) are bordemline between violating and not violating the 
standards, the modeler should reexamine his initial assumptions 
and considem whether his input data could be detailed furthem. 
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EXAMPLES B & C 

Figure B-I. Examples B & C. 
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Example 
Genemal Description 

In the previous example, the background CO geometric means 
varied by month, but not by hour. In almost all cases background 
CO will usually vary from hour to hour. To illustrate the effect 
of having more detailed data, the same inputs used in example B 
were used in this example, except that the monthly and hourly 
geometric means for the background CO were adjusted to reflect 
differences for each hour of day (refer to computer output sheets 
for example C). 

Analysis of Results 

Comparison of the results from this example with those of 
example B shows that, with the exception of the mean of the 
logarithms of the simulated concentrations and the one-hour prob- 
ability violation with only the background, all statistics are increased for example C. The probability of violating the one- 
hour NAAQS, assuming the lognormal fit, is 3.85 percent for this 
example. This was calculated with the test point Z = 8.9S based 
on the mean and standard deviation of the logarithms for the 
simulated concentrations and a corresponding Pt of 0.00084. The 
lognormal pro_jection for the maximum CO concentration is 80.98 ppm. 
The histogram, however• shows that •2 one-hour concentrations ex- 
ceeded •i ppm out of the 87,S47 simulated hours. The maximum 
likelihood analysis results show a one-hour probability of viola- 
tion of S6.91 percent. The binomial calendar year analysis shows 
a one-hour probability of violation of 70 percent. The maximum 
likelihood eight-hour probability of violation is increased to 
18.9 percent. 
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