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1.0 INTRODUCTION 

 
The Probabilistic Exposure and Risk model for FUMigants (PERFUM) was 
developed to address the issue of bystander exposures to fumigants following 
applications.  Following application of fumigants, some of the applied material may 
volatilize from the field and be carried downwind, causing potential exposure to 
persons in the vicinity of the application.  The highest exposures will be closest to the 
field, with the atmosphere dispersing the fumigant gas to lower concentrations as the 
plume moves downwind.  Both the U.S. Environmental Protection Agency (EPA) and 
the California Department of Pesticide Regulation (CDPR) are working on 
establishing buffer zones around fumigant application sites.  The purpose of a buffer 
zone is to establish a distance from the edge of the field where the concentration of 
the fumigant is at or below a level assumed to be safe.  The major factors that 
influence the required buffer distance are the flux rate of the fumigant, the 
meteorological conditions that influence gas dispersion, the size of the field and the 
toxicity of the compound. 
 
PERFUM can be used to establish a probability that a given buffer zone will not 
result in an exceedance of a user-specified concentration.  The probability is largely a 
factor of the variability in potential meteorological conditions following an 
application.  The model can also be used to model the effect of the flux rate on the 
buffer zone size. 
 
The first version of PERFUM was submitted to the U.S. EPA in the summer of 2004.  
EPA convened a FIFRA Scientific Advisory Panel (SAP) meeting to review the 
model in August of 2004.  The SAP meeting was held on August 24-25, 2004, and 
the review can be found on the EPA website1 along with a detailed report on the 
model by Reiss and Griffin (2004).  The EPA was satisfied with the SAP review and 
decided that the model could be used for regulatory purposes.  The model was 
updated based on the SAP comments and the PERFUM concepts were generalized to 
accommodate exposure averaging periods of less than 24 hours.  EPA then used 
PERFUM in its preliminary fumigant risk assessments which were publicly released 
in July 2005. 
 
This user’s manual describes the revised version of PERFUM called PERFUM2.  
PERFUM2 includes several additional capabilities from the first version: 

                                                 
1 http://www.epa.gov/scipoly/sap/2004/index.htm 
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· The user can now select any field size or rectangular dimension between 0.1-
40 acres (whereas in the first version, only a limited number of field sizes 
were available). 

· The existence of multiple fields in the same general vicinity (<5km apart) can 
be modeled. 

· The practice of splitting a field and applying on separate days can be modeled. 

· The application of fumigants in greenhouses (or more generally, buildings) 
can be modeled. 

· The concentration distribution at different distances from the field is 
displayed. 

· The concentration distribution within a near-field activity zone (described in 
detail later) is displayed. 

 
The remainder of the user’s guide is organized as follows: 
 

· Chapter 2 provides a general description of PERFUM2 

· Chapter 3 describes the various scenarios that are possible with PERFUM2 

· Chapter 4 provides detailed directions for running PERFUM2 

· Chapter 5 provides some example model runs.
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2.0 GENERAL DESCRIPTION OF PERFUM2 

2.1 Dispersion Modeling 

 
The core of PERFUM2 is the EPA dispersion model ISCST3, which was originally 
developed by the EPA Office of Air & Radiation and has been used for regulatory 
risk assessment for stationary sources for more than 20 years.  The ISCST3 model is 
also the basis for the CDPR buffer zone estimation methodology (CDPR, 1997), and 
for the two other models developed by industry and reviewed by the SAP. 
 
The purpose of an air dispersion model is to estimate the concentration of an airborne 
compound at any receptor point downwind (<50 km for ISCST3) given the emission 
rate (or flux rate) of the compound and a characterization of the meteorology in the 
atmosphere.  For a fumigant application, ISCST3 requires the following input 
information: 
 

· The emission rate of the compound from the field for every time period of 
interest.  For an area source, we typically call the emission rate a flux rate.  
The flux rate is defined as the amount of mass volatilized per unit area per 
unit time.  Typical units of the flux rate are � g/m2/sec or lbs/acre/day.  For 
greenhouses, the emission rate could be from an area source or from a stack 
source.  For a stack source, the units used in PERFUM2 are grams/second. 

 

· The dimensions of the field or greenhouse, and the coordinates of receptor 
points relative to the field dimensions where the concentrations are to be 
estimated.  The development of the receptor grids is discussed later in this 
section. 

 

· The averaging period for risk assessment needs to be specified.  This 
averaging period should match the averaging period recommended for the 
toxicity level of the fumigant.  For fumigants, the averaging period for acute 
risk assessment could range from 1 to 24 hours. 

 

· A characterization of the meteorological conditions affecting dispersion in the 
atmosphere.  These parameters include the wind speed, wind direction, and 
the atmospheric stability.  The atmospheric stability is a measure of the 
vertical mixing in the atmosphere, and is expressed with a 6-point ordinal 
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scale, A-F.  Table 2.1 summarizes the definition of the stability classes using 
the classic Pasquill categories (as referenced in EPA, 2000).  The scale ranges 
from A (strongly unstable) to D (neutral) to F (moderately stable).  Higher 
stability classes disperse air compounds less rapidly, and result in higher 
concentrations. 

 
A mixing height (or mixing depth) is also a required input.  The mixing height is a 
vertical demarcation in the atmosphere that serves as an upper limit in the vertical 
mixing.  The ISCST3 model assumes unlimited vertical mixing for stable conditions 
(E and F stability categories), but low mixing heights limit vertical mixing for other 
stability classes and can cause higher concentrations.  However, for effects close to a 
ground-level source, such as a fumigant application, the mixing height is generally 
not an important parameter.  An analysis presented by Reiss and Griffin (2004) in the 
PERFUM SAP report showed that the buffer zone results are generally not sensitive 
to the mixing height. 
 

Table 2.1.  Pasquill Atmospheric Stability Categories 

 

Daytime Insolation  
(function of the solar angle) 

Nighttime Cloud Cover Surface 
Wind 
Speed 
(m/sec) 

Strong Moderate Slight 
Thinly overcast 
or � 4/8 cloud 

cover 

� 3/8 Cloud 
cover 

<2 A A-B B - - 

2-3 A-B B C E F 

3-5 B B-C C D E 

5-6 C C-D D D D 

>6 C D D D D 
 
Note: For overcast conditions during the day or night, the neutral category D should be used. 

 
 
For regulatory modeling applications for EPA’s air program, the ISCST3 model is 
typically run with five years of historical meteorology data to characterize the 
potential meteorological variability in a given source area (EPA, 2003). 
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2.2 Framework for the PERFUM System 

 
It is possible to use ISCST3 to estimate downwind concentrations for a given set of 
flux data and meteorological assumptions.  However, the major drawback of this 
approach is its deterministic nature.  It only provides a single estimate of the buffer 
zone for a given meteorological situation.  Furthermore, as it has been applied in the 
past for fumigants, it does not account for the diurnal variability in flux rates, which 
is a potentially critical factor in estimating the buffer zones, as will be discussed later.  
The most important aspect of a next generation model is the capability to use actual 
meteorological data.  By using the historical data files of measured meteorological 
conditions, the model can assemble a distribution of potential exposures that could 
occur following application.  Therefore, risk managers will be able to better assess the 
probabilities of exposures of concern occurring. 
 
The purpose of the PERFUM approach is to get closer to an estimate of the 
probability of exposure for someone at the perimeter of the buffer zone.  Therefore, 
risk managers could know that for a given buffer zone, a person at the perimeter of 
the buffer zone would be exposed to a concentration less than the concentration of 
concern for a certain percentage of the time.  The phrase “closer to an estimate of the 
probability of exposure” is important to bear in mind.  For several reasons that are 
discussed in the report, the concentration estimates at the buffer perimeter are upper-
bound, conservative estimates of exposure, and thus it is not a true probability of 
exposure. 
 
One approach is to focus on the maximally exposed location for each set of 
meteorological conditions2.  In other words, for a given set of 24-hour meteorological 
conditions, this approach considers only the location at the farthest distance from the 
field that is equal to the threshold concentration.  The approach that is developed in 
this report builds upon this later approach to consider all of the locations around the 
field, instead of only the maximally exposed location.  Therefore, in addition to the 
distribution of concentrations at the maximum exposed location, a distribution is 
established that considers all of the locations around the field, and calculates the 
upper percentile of this larger distribution, which could be used to establish a buffer 
zone.  This approach more closely approximates a probability of exposure for 
someone at the perimeter of the buffer zone; or, alternatively, a population 
distribution for people near the field (although we are speaking about locations, 

                                                 
2 It is important to think of “locations” instead of “exposures,” because, for a given field, it is unknown 
whether an individual will actually be at the location around the buffer zone that has the highest 
concentrations. 



 
9

where there may not be a person).  CDPR explored the use of this technique in its 
attempts to validate its buffer zones for methyl bromide using the CDPR standard 
meteorological condition (Johnson, 2001). 
 
The two distributions that are output by PERFUM are illustrated in Figure 2.1, which 
is a simplified schematic of the output of the model for a single day.  The schematic 
assumes a fumigant where the target MOE is 100 (it could be different for other 
fumigants) and assumes that the buffer zone is set based on the 95th percentile (the 
exact percentile to use is the choice of the regulators).  The first approach, the whole 
field approach, is represented by the inner ring.  With the whole field approach, the 
buffer zone is selected such that a large portion (in this case, 95%) of the buffer zone 
perimeter has an MOE greater than or equal to the target.  A small sliver of the buffer 
zone perimeter (5% as shown in the figure) may have an MOE less than 100.  The 
MOE scenario in PERFUM2 can be used to examine the actual range of MOEs below 
the target that could potentially exist within the buffer zone.  The whole field 
approach makes the assumption of equal probability that a person could be at any 
location around the field.  This will likely not be true for individual fields, but should 
be true, on average, across the many fields where applications will occur.  The other 
approach, the maximum concentration approach, is represented by the outer ring.  
In this approach, the buffer zone is defined such that there is no location with an 
MOE below the target for a specified percentage of applications (e.g., 95%).  This 
approach is analogous to the maximally exposed individual (MEI) approach and the 
probabilities around it represent the probability that the MEI will have a given 
exposure based on historical variability in meteorology. 
 
It is important to remember that the concentration and buffer zone estimates from 
PERFUM2 represent an upper-bound for exposure for several reasons: 
 

· There is not necessarily someone at the location of the maximum 
concentration. 

 

· A person may not spend a total of 24-hours at the perimeter of the buffer, and 
thus would have a lower 24-hour average exposure than is estimated by this 
approach. 

 

· A person may be indoors and the indoor concentrations may be lower than the 
outdoor concentrations, which is not accounted for with this approach. 
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Figure 2.1.   Whole Field vs. Maximum Concentration Approach 
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MOE > 100
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buffer zone
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buffer zone
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2.3 Description of the PERFUM Modeling System 

2.3.1 Basics of the PERFUM Approach 

 
Although ISCST3 is run as a subroutine in PERFUM2, it still runs in basically the 
same manner and the user has much of the flexibility inherent in ISCST3.  The model 
is run for 5 years of meteorological data, but for a different reason than that of the 
EPA Office of Air & Radiation which typically runs the model for 5 years of data for 
permitting applications.  In most air office applications, the source is continuously 
emitting and the model is run to generate a 5-year time-series of concentration 
estimates.  However, fumigants are generally applied about once per year.  In this 
application, the model is essentially run in a probabilistic mode to generate a 
distribution of daily average concentrations over a 5-year period that represents the 
possible range of downwind concentrations depending on when the fumigant is 
actually applied.  If one assumes that there is an equal probability of a fumigant 
application occurring for any day of the year (a simplification, which is not 
necessarily true), the daily average concentration distribution generated from a 5-year 
run could be used to develop a probability of exposure.  One model run is required for 
each combination of the flux rate profile, meteorological station, and field size. 
 
Another important aspect of the PERFUM2 approach is the use of the actual hourly 
flux profile from the flux studies.  Specifically, the ISCST3 model allows the flux rate 
to vary by hour-of-day.  Therefore, the flux estimates from each period of the studies 
(periods range from 2 to 12 hours) are input into the model for the particular hour-of-
day that the period measurement occurred.  This allows the model to account for the 
day-night variability in flux rate, and account for the higher fluxes during the day 
than typically occur for morning applications, which are the norm.  The conditions for 
dispersion are most conducive during the daytime, and the flux rates are highest 
during the daytime, particularly for a morning application.  Therefore, the use of 
diurnal flux rates represents an important refinement that will increase the accuracy of 
the downwind concentration estimates.  Additionally, PERFUM2 allows the user to 
specify the starting hour of the application, and estimates the average concentrations 
from this hour forward.  This is not possible in ISCST3.  For example, all 24-hour 
average concentrations output by ISCST3 are based on a midnight to midnight 
average.  PERFUM2 calculates a 24-hour average starting with the application 
starting hour and continuing through to the next day. 
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The ISCST3 subroutine is run assuming rural, flat terrain, consistent with most 
agricultural applications.  The model was run in regulatory mode, which includes the 
use of the calms processing routine. 
 

2.3.2 Development of the receptor grid for estimating buffer distances 

 
To estimate buffer zones, we need to estimate concentrations with the ISCST3 model 
at various distances from the field to accurately determine the distances in each 
direction before the concentration is below the reference concentration.  ISCST3 
allows the user to establish a receptor grid of data points around a source in which the 
concentration is estimated.  In the original version of PERFUM, the receptors grids 
were constructed with a GIS program for different field sizes and included as inputs 
within PERFUM.  However, this limited the number of field sizes and shapes that the 
user could apply (at least without creating their own receptor grids). 
 
PERFUM2 includes algorithms to automatically establish the receptor grid.  Whereas 
in the original version of PERFUM, the ISCST3 input files were pre-built and 
supplied with the program, PERFUM2 automatically creates the ISCST3 input files, 
including all of the receptor coordinates.  The user only needs to specify the length 
(x-direction) and width (y-direction) of the field.  The total area of the field is any 
area between 0.001 and 160 acres.  This increased flexibility allows the user to model 
any field size between 0.001 and 160 acres.  The user can also model any square or 
rectangular shape, provided that the aspect ratio is not greater than 10.  The aspect 
ratio is defined as the ratio of the largest side divided by the smaller side, and if the 
aspect ratio is greater than 10, ISCST3 gives a warning indicating potential 
inaccuracies in the concentration estimates.  Therefore, PERFUM2 will not allow 
fields with an aspect ratio greater than 10. 
 
The receptor grid established in PERFUM2 is built with rings and spokes.  A ring is a 
set of coordinates surrounding the field at a specified distance from the field.  A 
spoke represents a straight line from the edge of the field with receptors on each ring.  
The rings and spokes are shown in Figure 2.2, which is an example coordinate 
system for a 5 acre field.  The rings around the field are clearly shown, and the blue 
line represents an example of a spoke. 
 
The receptors in PERFUM2 include 30 radial rings with the following distances from 
the edge of the field: 5, 7, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 120, 150, 180, 210, 
240, 270, 300, 360, 420, 480, 540, 600, 720, 840, 960, 1080, 1200, 1320, and 1440 
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meters.  The nested spacing is necessary for accurate estimates of the buffer zone near 
the field where the concentration may change most rapidly.  Farther from the field, 
less receptors are needed to estimate the buffer zone.  The model software includes 
both a coarse and fine grid option.  With the coarse grid, the model runs much faster 
(by about a factor or four), but the estimates above the 99th percentile are less 
accurate.  For most applications, the coarse grid system is adequate, but the fine grid 
can be used if the user desires more accurate estimates above the 99th percentile.  For 
the coarse grid, spokes are established approximately every 35 meters off each side, 
while for the fine grid; spokes are established approximately every 9 meters.  At the 
corners, spokes are established every 18 degrees for the coarse grid, and every 5 
degrees for the fine grid. 
 
All receptors were defined at 1.5 meters above the surface, which represents a typical 
breathing height for a person. 
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Figure 2.2.  Receptor Grid for a 5 Acre Field 

(5 acre field in center; blue line is an example of a spoke) 
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2.3.3 Meteorological Data 

 
PERFUM2 can accommodate any properly-formatted ISCST3 meteorological data 
file.  However, several files are provided with the program and have been selected 
based on their potential to represent fumigant growing regions.  Each file includes 
five years of historical data.  The use of a 5-year dataset is recommended for 
PERFUM2 and is the standard for regulatory dispersion modeling (EPA, 2003). 
 
Table 2.2 lists the data files provided with PERFUM2, the source of the data, the 
years included in the file, file name and surface and upper-air station meteorological 
identifiers.  There are three different sources of meteorological data, including the 
Federal Aviation Administration’s Automated Surface Observing System (ASOS), 
the historical National Weather Service (NWS) data provided by EPA for dispersion 
modeling, and the California Irrigation Management Information System (CIMIS).  
Details on the processing of these files and the strengths and limitations of each data 
source are included in the PERFUM report to the SAP (Reiss and Griffin, 2004). 
 
For the NWS stations, the files also include the mixing heights calculated using the 
upper-air data.  However, it was found that the mixing height has little impact on the 
estimated concentrations near the field, because the plume never rises to the mixing 
height level before getting far beyond the buffer zone (Reiss and Griffin, 2004).  
Therefore, the ASOS and CIMIS stations include only nominal values for the mixing 
heights (300 meters for ASOS and 320 meters for CIMIS). 
 

Table 2.2.  Meteorological Data Files Provided with PERFUM2 

 

Location 
Data 

Source 
Time 

Period 
File Name 

Surface 
Station ID 

Upper-Air 
Station ID 

Bakersfield, 
California 

ASOS 1999-2003 BAKA.MET 99999 99999 

Flint, Michigan NWS 1987-1991 FLINT.MET 14826 14826 

Tallahassee, 
Florida 

NWS 1988-1992 TL.MET 93805 12844 

Ventura, California CIMIS 1995-1999 VT.MET 99999 99999 

Yakima, 
Washington 

NWS 1984-1988 YAK.MET 24243 24157 
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2.3.4 Output of PERFUM 

 
PERFUM2 outputs the following information: 
 

· The percentile distribution of the buffer lengths using a) the whole field 
approach including all of the distances around the field, and b) the maximum 
concentration approach including only including the maximum daily 
concentration.  Percentiles are included from the 1st to the 99th percentile, in 
increments of one percentile, plus the 99.9th and 99.99th percentiles.  The 
model includes both a raw output file (*.OUT extension) and a plot file 
(*.PLT extension).  The raw output file contains a detailed summary of the 
input assumptions and presents an overview of the output.  The plot file 
contains only the output data, but in more detail that the OUT file, and is in a 
comma-delimited format that can easily be read into a spreadsheet to allow the 
user to create tables and plots more readily.  For multiple fields, the model 
outputs both the buffer distances for the main source (labeled “MAIN” in the 
output) and all of the sources combined (labeled “ALL”). 

 

· The percentile distribution can be output for up to 10 user-specified 
application rates.  This is a useful tool for establishing buffer zone tables.  
Both the raw output file and the plot file contain the results for each 
application rate. 

 

· The program outputs the buffer lengths on a monthly basis to assist in 
seasonal analysis.  This could be helpful in locations where the seasonal 
pattern of application is well understood.  The raw output file contains these 
results, but the plot file does not. 

 

· The contour file (*.CTR extension) outputs the coordinates around the field 
corresponding to the whole field buffer zone for a user-specified percentile.  
The contours represent the buffer distances separately calculated for all of the 
different spokes at the specified percentile.  This file is useful for developing 
graphical displays of the buffer zones.  It shows the actual directions from the 
field where concentrations above the threshold level could occur. 
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2.4 Changes from Version 1 of PERFUM 

 
There have been significant changes in PERFUM since the first version.  The changes 
were made to expand the capabilities of the model to be able to accommodate a wider 
range of scenarios, including any field size less than 160 acres, irregular field shapes, 
the effect of multiple fields, and greenhouse applications.  It was not necessary to 
make any significant corrections to the program, and PERFUM2 gives very similar 
results as the original version of PERFUM (very small differences are possible as 
explained below). 
 
The major changes in PERFUM2 include: 
 

· The incorporation of two multiple field scenarios and a greenhouse scenario 
into the model. 

 

· The consolidation of the prior program PERFUM_MOE into PERFUM2 so 
that the MOE algorithm can be run as a scenario within PERFUM2 without 
the need for an additional program. 

 

· The development of algorithms to construct the receptor grid within 
PERFUM2 instead of using a pre-built receptor grid as in the original version.  
The use of the pre-built receptor grids in the original version limited the 
number of field sizes and field shapes that the user could apply without 
developing their own receptor grids.  PERFUM2 allows the user to specify the 
length and width of the field and then constructs an appropriate receptor grid.  
Because the placement of the receptors are not completely identical in 
PERFUM2 for a field size and shape included in the original version of 
PERFUM, there is a possibility that the results between PERFUM and 
PERFUM2 could differ by small amounts (~5 meters for buffer zones).  This 
is well within the assumed error range for the model.  The user still has the 
option of using a fine or coarse grid. 

 

· The propagation of the uncertainty of the flux rates has been removed.  This 
feature in the original version of PERFUM allowed the user to enter an 
uncertainty for each flux rate, which allowed the flux rates to be included as a 
probabilistic variable in the model.  There were several reasons for this 
decision: (a) the use of this method does not separate variability (caused by 
meteorology) and uncertainty (as modeled for the flux rates) as is desirable in 
probabilistic modeling, which was pointed out by the SAP, and which is 
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discussed in the literature (e.g., Cullen and Frey, 1999), (b) EPA did not make 
use of this feature in its preliminary risk assessments for fumigants other than 
iodomethane, (c) there is more variability in the measurements among 
different flux studies than uncertainty within a single flux study, thus looking 
at the results across different flux studies is the most useful way to understand 
the potential variability in buffer zones across different applications, and (d) 
the application of this feature required a significant effort to develop the 
required inputs. 

 

· The inclusion of algorithms to estimate the concentration distribution at 
different distances from the field. 

 

· The inclusion of algorithms to estimate the concentration distribution within 
the near-field activity zone (explained below). 

 
Other minor changes in PERFUM2 include: 
 

· The input file name has been changed from CONTROL.TXT to PERFUM.INP. 
 

· The prior version of PERFUM had “test files” that outputted detailed results for a 
single day specified by the user.  The purpose of the test files was to allow a 
thorough checking of results for a subset of the simulation.  This is no longer 
considered necessary given the wider usage of PERFUM since its development.  
Therefore, this feature was removed. 

 

· There was a warning file in the original version which included messages of 
potential problems in a PERFUM run.  This file has been removed, and all error 
and warning messages print to the screen and execution is halted. 
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3.0 PERFUM2 SCENARIOS 

 
This section describes the additional PERFUM2 scenarios beyond the single field 
(SF) scenario, including the margin of exposure (MOE) scenario, multiple field no. 1 
(MF1) scenario, multiple field no. 2 (MF2) scenario, greenhouse scenario (GRN), and 
near-field activity zone (NF) scenario. 
 

3.1 Margin of Exposure Scenario 

 
The MOE scenario estimates the distribution of the margins of exposure at the 
perimeter of the buffer (assuming someone is at the perimeter and outdoors for the 
entire averaging period).  For the purposes of this report, the margin of exposure 
(MOE) is defined as follows: 
 

 
Exposure

NOELorHEC
MOE =  (3-1) 

 
where the HEC is the Human Equivalent Concentration, the concentration assumed to 
have no effect in an animal and converted to a human equivalent value.  The No 
Observed Effect Level (NOEL) would be used with human study data.  The MOEs 
can be compared to the required uncertainty factor for risk assessment. 
 
The MOE scenario model uses the buffer length estimate from a PERFUM2 single 
field scenario, or any other buffer length that the user is interested in.  The buffer 
length needs to be entered by the user.  As with the buffer lengths, percentiles are 
included from the 1st to the 99th percentile, in increments of one percentile, plus the 
99.9th percentile.  The MOE essentially provides an estimate of the number of fold 
that the HEC or NOEL is above the exposure estimate.  If one only wants the buffer 
zone estimate, this scenario does not need to be run.  The purpose of this program is 
to provide additional information for risk management.  The MOE scenario is 
currently not designed to be run for multiple fields or the greenhouse scenario. 
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3.2 Multiple Field No. 1 Scenario 

 
There are some occurrences in agricultural practice where two or more fields will be 
treated in the same time frame.  However, the frequency of these events is unknown, 
and there are no representative examples of the distances between the fields or their 
orientation relative to one another.  Therefore, a very general, worst-case scenario has 
been developed to investigate this issue.  Figure 3.1 shows a general schematic of the 
MF1 scenario.  The MF1 scenario considers a centrally-located field with four fields 
surrounding it at a specified distance.  In the example shown in Figure 3.1, the fields 
are 1 acre square and each of the four outer fields is 1500 feet away from the central 
field.  This likely represents a very worst-case example (5 fields all in the same 
proximity).  However, in most of the scenarios that have been tested, only one or two 
of the outer fields has any influence on the buffer zone of the inner field because there 
is generally a prevailing wind direction for any given site.  By having all of the outer 
fields, it allows a field to always be located in the upwind direction of the inner field.  
However, the user has the option of turning off any of the outer fields, if desired. 
 
The purpose of the MF1 scenario is to determine how much larger the buffer zone for 
the field of interest (the inner field) is required in order to be protective given the 
additional exposures coming from the outer fields.  Therefore, PERFUM2 does not 
simply calculate the buffer zones around each of the five fields.  Instead, it calculates 
(1) the buffer distance distribution if there were only the inner field, and (2) the buffer 
distance distribution given the emissions from all of the fields.  The first calculation is 
straightforward and simply uses the existing algorithms for the single field scenario.  
The second calculation is somewhat less straightforward in that each of the fields 
would theoretically have a buffer zone to itself.  Therefore, in determining the 
additional buffer zone required for the inner field, it is necessary to consider that the 
buffer zone of the inner field does not need to extend into the buffer zone of the outer 
fields, as the area in the buffer zone of the outer fields would already be protected.  
Therefore, when calculating the buffer zone for the inner field given the emissions 
from all five fields, the program only considers receptors where the inner field 
contributes 50% or more of the concentration.  This effectively separates the buffer 
zones of the inner and outer fields, and provides the answer we are interested in: what 
is the additional buffer distance needed in the inner field to accommodate the 
additional emissions from the outer fields. 
 
The user has the following options in developing an MF1 scenario: 
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· The distance of the outer fields to the inner field (from field center to field 
center). 

· Whether to enter the fluxes for the outer fields manually or simply assign the 
fluxes of the outer fields as a proportion of the flux rates assigned to the inner 
field (which is entered manually). 

 

Figure 3.1.  Example Schematic of an MF1 Scenario 
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3.3 Multiple Field No. 2 Scenario 

 
The MF2 scenario addresses the common situation where a large field is split into 
four equal quadrants and applied over separate days.  The splitting of fields in this 
manner has been used in California as a way to reduce the required buffer zones, and 
also could be done when it is impractical to apply the entire field in one day. 
 
Like the MF1 scenario, the purpose of the MF2 scenario is to determine how much 
larger the buffer zone in the quadrant of interest (defined by the user) needs to be to 
be protective given the additional exposures coming from the other quadrants.  The 
program uses the same calculation technique as in the MF1 scenario to estimate (1) 
the buffer zone if only considering the quadrant of interest, and (2) the additional 
buffer distance that would be needed to account for the influence of the other three 
quadrants.  When calculating the buffer zone for the quadrant of interest (termed the 
main source) given the emissions from all of the quadrants, the program only 
considers receptors where the main source contributes 50% or more of the 
concentration. 
 
The user has the following options in developing an MF2 scenario: 
 

· The user can select which quadrant is the main source of interest from which 
to base the calculations.  The quadrants are defined by direction (northeast, 
northwest, southwest, and southeast). 

 

· Whether to enter the fluxes for the other quadrants (other than the main field) 
manually or simply assign the fluxes of these three quadrants as a proportion 
of the flux rates assigned to the inner field (which is entered manually). 

 

· The flux proportions can be entered separately for each quadrant. 
 
 

3.4 Greenhouse Scenario 

 
Applications are also made in greenhouses of other structures, which represents a 
completely different type of exposure scenario as the application occurs indoors and 
instead of escaping from the soil the fumigant must first escape the greenhouse or 
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buildings before causing ambient exposures.  Emissions from greenhouses can be 
modeled as either an area source or a point source.  A point source corresponds to a 
facility with a stack or vent to the outside, which represents the primary release point 
for the applied fumigant.  An area source represents a facility without a stack or vent 
where the fumigant primarily escapes through natural ventilation.  For the greenhouse 
model, the user can also specify a release height (in meters).  For point sources, the 
stack or vent is assumed to be located in the center of the facility. 
 
The user has the option of manually entering flux emissions (presumably from flux 
study data) or using the flux model provided in PERFUM2.  The flux model in 
PERFUM2 is based on a mass-balance of the applied fumigant within the facility as 
follows: 
 

 QC
T

VApp
dt
dC

V
app

-=  (3-1) 

where V is the volume of the facility, C is the air concentration of the fumigant, t is 
the time since application, App is the application rate in lbs per 1000 ft3, Tapp is the 
time required for the application, and Q is the air exfiltration rate of the facility in 
volume per time.  Equation 3-1 can be separated to give the following integral: 
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where R is the air exchange rate of the facility defined as Q/V.  The solution to this 
integral (obtained from a common integral table that are included in most first-year 
calculus texts) is as follows: 
 

 t
T
App

RC
R app

=+-- ln
1

 (3-3) 

 
where the term within the logarithm is an absolute value and the outer bar on the left 
specifies that the expression is evaluated from the initial concentration (0) to 
concentration C at time t.  Given the absolute value term in equation 3-3, there are 
two solutions.  For App/Tapp �  RC, the solution is: 
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For App/Tapp < RC, the solution is: 
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The typical process for a building fumigation includes an application period, a 
fumigation or treatment period (i.e., the period while the fumigant is working), and an 
aeration period where the fumigant is vented or removed from the building.  The user 
is able to specify separate time periods for each of the application and treatment 
periods.  All of the remaining time in the simulation is assumed to be in the aeration 
period.  Furthermore, the user is able to specify a separate air exchange rate for the 
treatment and aeration periods.  For example, during the treatment period, sometimes 
windows and door cracks are sealed to minimize product loss, resulting in a low air 
exchange.  During the aeration period, window and doors are opened (passive 
aeration) or air is forced out by ventilation (forced aeration). 
 
The user has the following options in developing a greenhouse scenario: 
 

· The source can be modeled as a point source (stack or vent) or an area source 
(natural ventilation from a building).  For point sources, the stack is assumed 
to be in the center of the building. 

· The greenhouse dimensions need to be specified, including the length, width, 
and height of the building. 

· Whether the flux rates (or emission rates for a point source) are calculated 
with the theoretical model (C) or entered manually from study data (E). 

· The application rate in lbs per 1000 ft3 of greenhouse space. 

· The air exchange rate in turnovers per hour, can be specified for the treatment 
and aeration periods. 

· Whether the application is tarped (used to determine if theoretical model is 
valid). 
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· For point sources, the stack height (above the top of the building), stack 
diameter, stack temperature, and stack exit velocity. 

 
 
If a point source is specified, PERFUM2 will call the Building Profile Input Program 
(BPIP) to calculate downwash parameters, if necessary (EPA, 1993).  This capability 
in PERFUM2 was accomplished by compiling the BPIP source code provided by 
U.S. EPA on its website, and calling it as a subroutine.  Edits were made to allow the 
variables in PERFUM to be used in BPIP, but no changes to the actual computation 
algorithms were made.  The user can review the normal output of the BPIP program 
in the BPIP subdirectory. 
 

3.5 Near-Field Activity Zone 

 
This section describes an alternative methodology of constructing a concentration 
distribution called the near-field activity zone.  Figure 3.2 provides a simplified 
schematic of the near-field activity zone.  The near-field activity zone represents an 
area around the field where people may be active following the application.  The 
distribution is constructed by placing receptors at evenly spaced intervals inside the 
near-field activity zone and estimating the concentrations at these receptors points.  
The distribution reflects the range of concentrations that occur inside the near-field 
activity zone, accounting for the variability in meteorological conditions. 
 
To specify the near-field activity zone, one needs to specify the distance of the inner 
and outer rings from the edge of the field.  We have used inner ring distances of 50 
and 100 feet (in separate analyses) and an outer-ring distance of one-quarter mile 
(1320 feet) (for both analyses).   
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Figure 3.2.  Schematic of a Near-Field Activity Zone 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Note: Receptors are placed, with even spacing, in the near-field activity zone.
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4.0 USING PERFUM2 

4.1 PERFUM2 Installation and Input File 

 
PERFUM2 is provided as a self-extracting executable file 
(PERFUM2_INSTALL.EXE).  The user should put this file into a directory called 
PERFUM2 and run the self-extracting file.  The self-extracting file will place the 
PERFUM2 executable (PERFUM2.EXE) into the PERFUM2 directory.  The user can 
most easily run the program from the command (or DOS) prompt by typing 
PERFUM2.  The self-extracting file will also create a directory structure to store the 
input and output files.  The directory structure is summarized in Table 4.1.   

 

Table 4.1.  Summary of PERFUM Directories 

 

Directory Purpose 

BPIP Contains BPIP output files for user review 

CONTOUR Stores the contour (*.CTR) output files 

ISC_INPUT 
Stores the ISCST3 input file created by 
PERFUM2 and used in the ISCST3 
subroutine 

ISC_OUTPUT 

Stores the ISCST3 output file created in the 
ISCST3 subroutine within PERFUM2.  
This file should be checked for ISCST3 
errors and warnings after each PERFUM2 
run. 

MET Stores the meteorological input files 

OUT Stores the raw PERFUM2 output file 
(*.OUT) 

PLOT Stores the PERFUM2 plot file (*.PLT) 

SOURCE CODE Includes the Fortran source code for 
PERFUM2 

USER GUIDE Includes the PERFUM2 user’s guide 

 
 

All of the input information for a PERFUM2 run is entered into the PERFUM.INP 
file, which needs to be in the PERFUM directory.  The PERFUM.INP file is 193 lines 
and each line is numbered on the first three columns.  On each line, columns 6-35 
contain descriptive text describing each input and are not read by the program.  The 
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input information should be entered on each line starting on column 36.  Table 4.2 
lists the information that needs to be on each line of the PERFUM.INP file.  Lines 1-
16 and lines 41-94 contain information that is required for all PERFUM2 runs, and is 
described in detail in the next subsection.  The other lines on the PERFUM.INP file 
are used for the multiple field and greenhouse scenarios and are described in 
subsequent subparts in this section. 
 
PERFUM2 includes numerous error checking capabilities to ensure that the input 
information is properly entered and that there are no problems in the program 
execution.  Appendix A contains a listing of PERFUM2 errors and possible 
solutions.  Additionally, there are several fatal errors generated by the program for 
more severe problems.  If these errors are ever encountered, it likely points to a 
coding problem which should be reported to the program developer. 

 

4.2 General Information Required for all PERFUM2 Scenarios 

 
The first item to specify in the input file is the type of scenario on line 8.  The 
scenario types include: 
 

· SF = single field 

· MOE = margin of exposure 

· MF1 = multiple field no .1 

· MF2 = multiple field no. 2 

· GRN = greenhouse 

· NF = near-field activity zone 
 

Lines 10-16 also specify general information about the PERFUM2 run that are 
specific to the inputs required for ISCST3.  On lines 10 and 11, the user specifies the 
file names for the ISCST3 input and output files, respectively.  The user does not 
need to create the ISCST3 input file.  Instead, both the input and output files are 
created by PERFUM2, and will be available for review in the ISC_INPUT and 
ISC_OUTPUT subdirectories after a run is completed.  If an error occurs in the 
ISCST3 subroutine within PERFUM2, an error message will print to the screen.  The 
user should review the ISCST3 output file to get details on the error that occurred. 
 
Each meteorological file for ISCST3 has a 5-digit identification code for the source of 
the surface meteorological data and for the upper-air meteorological data.  For the 
files provide by PERFUM2, the codes are listed in Table 2.2.  Also, all ISCST3 
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meteorological files contain these codes on the first line of the file.  These codes need 
to be specified on lines 12 and 13. 
 
The length of the field in the x-direction and y-direction should be specified on lines 
14-15.  The user can specify any combination of lengths that results in a field between 
0.001-40 acres, and has an aspect ratio of less than 10.  The aspect ratio constraint is 
because ISCST3 gives a warning of potential inaccuracy if the aspect ratio is greater 
than 10.  If the source is a greenhouse, the lengths refer to the base of the building 
(the height is specified on line 30 in the section specific to greenhouse inputs). 
 
On line 16, the user specifies whether to use a coarse or fine grid.  This input 
specifies the density of the receptor grid and affects how quickly the run will be 
completed (with the coarse grid, about four times faster) and the accuracy of the 
estimates at the upper percentiles (only the fine grid will be accurate above about the 
99th percentile).  The receptor density for both options is described in Section 2.3.2. 
 
The information required for the near-field activity zone, including the inner and 
outer ring distances, are provides on lines 41A-41C.  In version 3 of the model, the 
lines will be renumbered, but for this interim version, these three additional lines 
were just labeled as 41A-41C to avoid renumbering all of the lines (and doing so 
again to accommodate the changes in version 3 that will be released in a few months). 
 
The general information required for a PERFUM2 run is continued starting on line 
42.  If the SF scenario is selected, the program will skip past lines 17-41, which 
include information for the MF1, MF2, and GRN scenarios. 
 
On line 43, the user has the option of including a general description of the source of 
flux data for the model run.  This input is simply a 60-character string that is read by 
the program and repeated in the output file to provide the user a way to describe a 
particular run.  It has no impact in the calculations.  Similarly, the user is allowed a 
20-character string to include a description of the meteorological data source on line 
44.  The input has no impact on the calculations and is simply repeated in the output 
file. 
 
One line 45, the user specifies the number of simulation days for the run.  This input 
specifies the number of days of flux data that is provided, and the program will check 
to confirm that lines 72-95 contain flux estimates corresponding to the number of 
simulation days for each hour. 
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The averaging period is specified on line 46.  The averaging period corresponds to 
relevant averaging period for the toxicity data.  It should be selected in conjunction 
with toxicologists and corresponds with the NOEL or HEC specified on line 56.  In 
order to create a 5-year repeating sequence of periods, the averaging period is 
constrained to be a factor of 24.  Therefore, the valid values are 1, 2, 3, 4, 6, 8, 12, 
and 24 hours.  In addition to the averaging period, PERFUM2 allows the user to 
specify a distribution averaging period.  This option allows the user to select a larger 
time period (larger than the averaging period) to consolidate the distribution output in 
PERFUM2.  For example, if the user selects a distribution averaging period of 8 and 
an averaging period of 1, PERFUM2 will calculate 1-hour average concentrations and 
buffer distances based on these concentrations, but when outputting the final 
distributions, the program will consolidate the buffer distances into three 8-hour 
blocks.  This option allows the user to reduce the large amount of information that 
could potentially be output by PERFUM2 when a small averaging period is selected.  
The distribution averaging period must be greater than or equal to the averaging 
period, or an error will be output.  If the averaging period and the distribution 
averaging period are the same, there will be no consolidation of the distributions. 
 
On lines 48-49, the user specifies the starting and ending year of the simulation 
(corresponding to the years in the meteorological file).  On line 50, the user specifies 
the starting hour of the simulation (or start of the application).  The meteorological 
data file is specified on line 51 as a 12-character string.  The names for the 
PERFUM2 output file, plot file, and contour file are specified on lines 52-54 as 12-
character strings. 
 
The NOEL (for a human study) or the HEC (for an animal study) is specified on line 
56.  The uncertainty factor is specified on line 57, and can range from 1 to 3,000.  The 
buffer length for an MOE scenario is specified on line 58.  This line is skipped for 
any other type of scenario. 
 
The number of application rates to include in the simulation is included on line 60.  
The user can specify up to 10 application rates, but the first rate (on line 61) should 
correspond to the flux data on lines 72-95.  PERFUM2 will perform buffer 
distribution calculations for all of the application rates specified by the user.  The 
application rates should be entered as lbs/acre, not lbs/treated acre, for the mass 
balance checking algorithms in PERFUM2 to work properly3.  The program will only 
read down to the number of application rates specified on line 60.  If less than 10 

                                                 
3 If the user is sure the that data they entered does not violate the mass balance assumption, there is no need 
to worry about this point. 
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application rates are specified, the user can leave the remainder of the rates through 
line 70 blank (but the program will not read past the number of specified rates on line 
60 anyway). 
 
The flux rates (or emission rates for a greenhouse point source scenario) should be 
specified on lines 72-95.  For each hour, there should be a rate corresponding to 
number of simulation days specified on line 45.  The hourly flux rates are entered in a 
specific manner.  The flux rates should be entered corresponding to the hour of day in 
the flux study.  The hours are numbered 1-24, and correspond to 1-hour blocks 
starting with hour 1 as midnight-1am.  Therefore, if the study started at 9am the first 
flux rate should be listed on hour 10 (9am-10am is the tenth hour of the day).  The 
flux rates are specified through hour 24, and then from hour 1 to hour 9, all in the first 
column.  If there is a second simulation day, the first hours of the second day (still 
9am in this example) is entered for hour 10 in the second column of values and the 
process is completed. 
 

4.3 Inputs Required for MF1 Scenario 

 
The MF1 scenario requires three additional inputs and possibly additional flux data.  
On line 18, the user should enter the distance between the sources.  The distance must 
be greater than the length of the longest side of the inner field.  The MF1 scenario 
assumes four additional outer fields with the same dimensions as the inner field.  
Each of the outer fields is the same distance from the inner field (as specified by the 
user) and the outer fields are diagonal from the four corners of the inner field. 
 
The program allows two options for entering the flux data for the outer fields.  The 
user species on line 19 whether the outer field flux data will for entered manually (E) 
or simply assigned a proportion (P) of the inner field flux data.  If the proportion 
option is selected, the proportion (a single proportion is assigned to all the outer 
fields) is entered on line 20.  The user can “turn off” a particular source by assigning 
a flux proportion of zero.  If the flux data are to be manually entered, the data are 
entered on lines 97-194 in the same manner as the flux data for the main source.  The 
flux rates should be entered in the following order: (1) northeast, (2) northwest, (3) 
southwest, and (4) southeast.  The user can “turn off” a particular source by entering 
flux rates of zero. 
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4.4 Inputs Required for MF2 Scenario 

 
For the MF2 scenario, the total length of the field, including all four quadrants, is 
specified on lines 14-15.  The user can designate which quadrant of the field is the 
main source, or source of reference, to perform the calculations.  The main source is 
specified on line 22 (northeast=1; northwest=2; southwest=3, southeast=4). 
 
The user needs to specify the flux rates for the main source on lines 71-94.  The user 
has the option of specifying the flux rates for the remainder of the sources starting on 
line 97, or specifying that the flux rate of the other sources is a proportion of the main 
source.  This option is specified on line 23 (P=proportion or E=manually entered).  If 
the proportion option is selected, the flux proportions are added on lines 24-27 
(northeast=line 24; northwest=line 25; southwest=line 26, southeast=line 27).  The 
flux proportion for the main source should be set to 1.0. 

4.5 Inputs Required for Greenhouse Scenario 

 
The greenhouse scenario requires the most additional inputs.  First, the user has the 
option of selecting whether the source is to be modeled as an area or point source.  A 
point source would be situation where the fumigant is vented through a stack or vent, 
usually on the ceiling of the greenhouse.  An area source would be where the 
fumigant escapes from the greenhouse through natural ventilation.  The source type is 
specified on line 29 (P=point; A=area). 
 
For both point and area sources, the greenhouse building height needs to be specified 
on line 30.  CDPR has found that modeling smaller building sizes (lower than the 
actual size) has produced better results in some cases.  Therefore, the user can also 
select an adjusted building height on line 31.  If this height is lower than the actual 
building height, the adjusted height is used for the dispersion calculations.  The user 
has the option of entering the flux data (or emission data for point sources) manually 
or using the theoretical model described in Section 3.4.  This option is specified on 
line 32 (C=calculated with theoretical model or E=entered manually). 
 
If “C” is selected on line 32, the following additional information is needed on lines 
33-37: (1) application rate in lbs/1000 ft3 applied (line 33), (2) time spent applying 
the material (line 34), (3) time spent in treatment (line 35), (4) air exchange rate of 
during treatment (line 36), and (5) air exchange rate during aeration (line 37).  The 
application rate specified on line 33 must agree with the rate specified on line 59.  
Also, the question about whether the application is tarped is not actually used in the 
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calculation.  However, the theoretical method is only considered valid for a non-
tarped application.  Therefore, the program gives a warning if the theoretical method 
is used for a tarped application. 
 
For point sources, additional information is required on lines 38-40: (1) stack height 
above the building height (line 38), (2) stack diameter (line 39), (3) exit velocity (line 
40), and the stack temperature (line 41).  The stack temperature can be set to a 
reasonable value (e.g., room temperature), or set to zero to release the gas at ambient 
temperature. 
 

4.6 Inputs Required for Near-Field Activity Zone 

 
The near-field activity zone scenario only requires two additional inputs, the inner 
and outer ring distances. 
 

4.7 Running PERFUM2 in Batch Mode 

 
The PERFUM2 software includes two simple DOS batch files that can be used to run 
PERFUM2 in batch mode (i.e., run multiple scenarios consecutively without 
interfacing with the computer between runs).  The files are named RUNEM.BAT and 
RUNFUM.BAT.  The purpose of the RUNEM.BAT file is to call the RUNFUM.BAT 
file and give it an extension name that identifies a run.  For example, SB01BKAS 
could be used to identify flux data from Santa Barbara (SB) for a 1 acre field (01) and 
Bakersfield-ASOS meteorological data (BKAS).  For each run that the user wishes to 
conduct, the RUNEM.BAT file needs the following statement (the 8-digit identifier 
above is used as an example): 
 

CALL RUNFUM MN01BKAS 
 
The user should prepare PERFUM.INP files with the identifier added to the filename, 
(e.g., PERFUM.MN01BKAS.INP). 
 
The purpose of the RUNFUM.BAT file is to first change the name of the user-
supplied PERFUM2 input file to PERFUM.INP so that the program recognizes it as a 
PERFUM2 input file.  Following the run, the RUNFUM.BAT file changes the output 
files (including the PERFUM2 output file and warning file) to include the identifier.  
Therefore, when the next PERFUM2 run is made, these files will not be overwritten.  
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Alternatively, the user could also have different output file names specified in each 
PERFUM.INP file.  Also, the RUNFUM.BAT file changes the PERFUM.INP file 
back to its original name (including the identifier) so that, for the next run, the input 
file can be changed to PERFUM.INP.  The RUNFUM.BAT file for PERFUM is as 
follows: 
 
RUNFUM.BAT 

 
ren perfum.%1.inp perfum.inp 
PERFUM2 
ren ..\PERFUM2\OUT\PERFUM.OUT PERFUM.%1.OUT 
ren ..\PERFUM2\PLOT\PERFUM.PLT PERFUM.%1.PLT 
ren ..\PERFUM2\CONTOUR\PERFUM.CTR PERFUM.%1.CTR 
ren perfum.inp perfum.%1.inp 
 

The REN command changes name of the files, and the %1 marks the identifier from 
the RUNEM.BAT file. 
 
To run a batch process, the user can simply type RUNEM.BAT at the command 
prompt or double-click on it from Windows.  The user must be sure that there are no 
files named PERFUM.INP or any output files named in PERFUM.INP in the 
directory prior to starting the batch run, or the REN command will fail. 

 

Table 4.2.  Summary of PERFUM2 Input File 

 
Line 

Number(s) 
Description 

(including units, if applicable) 
Type of Field 

1-7 Header information describing the scenario types n/a 

8 Scenario type (SF, MF1, MF2, MOE, or GRN) 3-character 
string 

9 Header line to separate ISCST3 input information n/a 

10 ISCST3 input file name (specified by user and 
created by PERFUM) 

12-character 
string 

11 ISCST3 output file name (specified by user and 
created by PERFUM) 

12-character 
string 

12 Surface meteorological station ID 5-digit integer 

13 Upper-air meteorological station ID 5-digit integer 

14 Field length in x-direction (meters) Real number 

15 Field length in y-direction (meters) Real number 
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Line 
Number(s) 

Description 
(including units, if applicable) 

Type of Field 

16 Grid density (C-coarse/F-fine) 1-character 
string 

17 Header line to separate inputs for MF1 scenario n/a 

18 Distance between sources (meters) Real number 

19 Method of flux entry for additional sources (P-
proportion/E-manually enter) 

1-character 
string 

20 Flux proportion (read only if P selected on line 
19) 

Real number 

21 Header line to separate inputs for MF2 scenario n/a 

22 
Main source for MF2 scenario – identified which 
quadrant is the main source for the scenario (NE 
=1; NW=2; SW=3, SE=4) 

1-digit integer 

23 Method of flux entry for additional sources (P-
proportion/E-manually enter) 

1-character 
string 

24 If P was selected in line 23, flux proportion for 
NE quadrant 

Real number 

25 If P was selected in line 23, flux proportion for 
NW quadrant 

Real number 

26 If P was selected in line 23, flux proportion for 
SW quadrant 

Real number 

27 If P was selected in line 23, flux proportion for 
SE quadrant 

Real number 

28 Header line to separate inputs for GRN scenario n/a 

29 Source type for greenhouses (P=point/A=area) 1-character 
string 

30 Building height (meters) Real number 

31 Adjusted building height (meters) Real number 

32 Flux choice (C=calculated/E=manually entered) 1-character 
string 

33 Application rate (lbs/1000 ft3) Real number 

34 Time spent applying (hours) Real number 

35 Time spent treating (hours) Real number 

36 Air exchange rate during treatment (hr-1) Real number 

37 Air exchange rate during aeration (hr-1)  

38 Stack height (above the building height) (meters) Real number 

39 Stack diameter (meters) Real number 

40 Stack exit velocity (m/sec) Real number 

41 Stack gas exit temperature (Kelvin) (user 0 to 
release at ambient temperature) 

Real number 
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Line 
Number(s) 

Description 
(including units, if applicable) 

Type of Field 

41A Header line for near-field activity zone scenario  

41B Inner ring distance (meters) Real number 

41C Outer ring distance (meters) Real number 

42 Header line to separate general inputs for 
PERFUM2 

 

43 Flux data source description 60-character 
string 

44 Meteorological data source description 20-character 
string 

45 Number of simulation days (days) Integer 

46 Averaging period (hours) Integer 

47 Distribution averaging period (hours) Integer 

48 Beginning year of simulation 4-digit integer 

49 Ending year of simulation 4-digit integer 

50 Staring hour of simulation Integer 

51 File name for ISCST3 meteorological file 12-character 
string 

52 File name for PERFUM2 output file 12-character 
string 

53 File name for PERFUM2 plot file 12-character 
string 

54 File name for PERFUM2 contour file 12-character 
string 

55 Contour percentile Real number 

56 HEC or NOEL (� g/m3) Real number 

57 Uncertainty factor Real number 

58 Buffer length for MOE scenario Real number 

59 Header line to separate application rate part of 
file 

n/a 

60-70 Application rates (lbs/acre) Real 

71 Header line to separate flux rate data part of file 
for main source 

n/a 

72-95 Hourly flux rates for main source (� g/m2/sec for 
area sources and grams/second for point sources) 

Real 

96 Header line to separate flux rate data part of file 
for multiple source no. 1 

n/a 

97-120 
Hourly flux rates for multiple source no. 1 
(� g/m2/sec for area sources and grams/second for 
point sources) 

Real 
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Line 
Number(s) 

Description 
(including units, if applicable) 

Type of Field 

121 Header line to separate flux rate data part of file 
for multiple source no. 2 

n/a 

122-145 
Hourly flux rates for multiple source no. 2 
(� g/m2/sec for area sources and grams/second for 
point sources) 

Real 

146 Header line to separate flux rate data part of file 
for multiple source no. 3 

n/a 

147-170 
Hourly flux rates for multiple source no. 3 
(� g/m2/sec for area sources and grams/second for 
point sources) 

Real 

171 Header line to separate flux rate data part of file 
for multiple source no. 4 

n/a 

172-195 
Hourly flux rates for multiple source no. 4 
(� g/m2/sec for area sources and grams/second for 
point sources) 

Real 
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5.0 EXAMPLE USE OF MODEL 

5.1 Introduction 

 
To demonstrate the use of PERFUM2, an example dataset has been developed.  The 
model will be run with this dataset for the single field, MOE, multiple field no. 1, and 
multiple field no. 2 scenarios.  Additional assumptions will be made for the 
greenhouse scenario.  For the field applications, we have assumed two days of flux 
data.  The assumed flux values are listed in Table 5.1.  Additional assumptions are 
listed in Table 5.2.  A copy of the PERFUM.INP file is included in Appendix B. 

 

Table 5.1.  Flux Rates for Hypothetical Field Application 

 
Flux Rates (� g/m2/sec) Hour 

Day 1 Day 2 
13 200 50 
14 200 50 
15 200 50 
16 200 50 
17 200 50 
18 200 50 
19 100 25 
20 100 25 
21 100 25 
22 100 25 
23 100 25 
24 100 25 
1 20 5 
2 20 5 
3 20 5 
4 20 5 
5 20 5 
6 20 5 
7 20 5 
8 20 5 
9 20 5 
10 20 5 
11 20 5 
12 20 5 

 



 
39

 

Table 5.2.  Additional Assumptions for Hypothetical Field Scenario 

 

Parameter Assumed Value 

Grid Density Coarse 

Number of Simulation Days 2 

Averaging Period 8 hours 

Distribution Averaging Period 8 hours 

Meteorological Data Station Ventura, California (CIMIS) 

Contour Percentile 95 

HEC 50,000 � g/m3 

UF 100 

Field Size 5 acres 

 
 

5.2 Single Field Scenario 

 
The single field scenario was run with the assumptions listed in Tables 5.1 and 5.2.  
Figure 5.1 shows a plot of the whole field buffer distances for the first two periods 
after the application.  The 95th percentile buffer distances were 75 meters for both the 
first and second periods after the application and zero or close to zero for the rest of 
the periods (as shown in Table 5.2, the periods are assumed to be 8 hours).  The flux 
rates were twice as high during the first period, but the conditions were less 
conducive to dispersion during the nighttime hours of the second period.  Figure 5.2 
shows a plot of the maximum concentration buffer distances for the first two periods.  
The 95th percentile buffer distances for the first two periods were 180 and 255 meters, 
or more than twice the whole field buffer distances. 
 
Figure 5.3 shows the buffer distances by month for the first period of the whole field 
distribution, which is also included in the PERFUM2 output file.  The buffer zones 
are generally lowest in the warmer months, which is fortunate because most 
applications are in the warmer months.  The lower buffer zones in the warmer months 
is because of generally higher wind speeds and longer days, resulting in more hours 
with unstable conditions. 
 
Finally, Figure 5.4 shows a plot of the contour file for the first period after the 
application.  The file shows the 95th percentile buffer distance calculated separately 
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for each spoke to show the directional range of the buffer distances.  The plot shows 
that the buffer distances are highest in the northeast and southwest quadrants from the 
field edge.  PERFUM2 predicts that virtually no buffer zone would be required in the 
northwest and southeast areas from the plot. 
 
 

Figure 5.1.  Buffer Distances for Whole Field Distribution 
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Figure 5.2.  Buffer Distances for Maximum Concentration Distribution 
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Figure 5.3.  Monthly Whole Field 95th Buffer Distances for First Period 
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Figure 5.4.  95th Percentile Buffer Zone Contours 

 for the First Period After the Application 
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5.3 Margin of Exposure 

 
To demonstrate the margin of exposure scenario, a buffer length of 75 meters was 
entered, which corresponds to the 95th percentile of the whole field distribution for 
the first two periods after the application.  Figure 5.5 shows the whole field MOEs 
for these two periods.  As expected, the MOE is 100 (or very close to it) at the 95th 
percentile for both periods, as the buffer zone entered into the MOE scenario was 
defined to be 100 at the 95th percentile.  These plots are useful for examining the 
MOEs at the upper-end of the risk distribution.  At the 99th and 99.9th percentiles, the 
MOEs were 67 and 37 for period 1.  For period 2, the MOEs were 55 and 40 at the 99 
and 99.9th percentiles.  These values, at the upper-end of the risk distribution, provide 
users with a worst-case scenario. 
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Figure 5.5.  Whole Field MOE Distribution for First  Two Periods  

After the Application 
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5.4 Multiple Field No. 1 Scenario 

 
The multiple field no. 1 scenario was run by assuming four fields at 450 meters from 
the main field (center of inner field to center of outer field).  Each of the four fields 
was assumed to have the same emissions at the main field.  Therefore, the flux 
proportion method was used to assign the flux rates to the additional fields, and the 
flux proportion was assigned to 1.0 for each field.  This represents a fairly extreme 
scenario, as it essentially assumes four nearby fields that were all applied on the same 
day. 
 
The whole field buffer zones for the first period after the application are plotted in 
Figure 5.6.  The 95th percentile whole field buffer distance was 75 meters for the 
main field only, and 85 meters for the main field when adding the contribution of the 
additional fields.  Therefore, one might add 10 meters to the buffer zones in this 
instance to account for the additional fields.   
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Figure 5.6.  Whole Field Buffer Distances for MF1 Example  

for First Period After the Application 
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Figure 5.7 shows a graphical display of the buffer distances at the 95th percentile for 
each of the spokes around the field.  The plot shows the buffer distances for the main 
source and the added buffer distance after accounting for the contribution of the 
additional sources.  The plot shows that the added buffer distance from the additional 
fields would be needed in the northeast and southwest directions, and is relatively 
small compared to the inner field buffer zone. 

 
 

Figure 5.7.  95th Percentile Contour Plot for MF1 Scenario  

for the First Period After the Application 
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5.5 Multiple Field No. 2 Scenario 

 
The multiple field no. 2 scenario was run assuming that the 5 acre field is split into 
four quadrants and applied on consecutive days.  The main field was assumed to be 
the southwest quadrant (quadrant no. 3 in the program).  The flux rates for the 
additional fields were assigned by the flux proportion method as follows: (1) 
northeast: 0.30, (2) northwest: 0.15, and (3) southeast: 0.05. 
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The whole field buffer distances were zero except at the very upper percentiles for 
this example.  Therefore, Figure 5.8 shows the distribution of maximum 
concentration buffer distances for the main field and the main field plus the additional 
contribution of the other quadrants.  The 95th percentile buffer zone was 40 meters for 
the main field, and 55 meters when considering the contribution of the other 
quadrants. 

 
 

Figure 5.8.  Maximum Concentration Buffer Distances for MF2 Scenario for the 
First Period After the Application 
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5.6 Greenhouse Scenario 

 
To demonstrate the greenhouse scenario, a 10 meter by 20 meter greenhouse was 
assumed, with a building height of 10 meters (total volume = 2,000 m3).  The fine 
grid was used because the point source algorithms run very fast.  The theoretical 
method was chosen to estimate the flux rates.  The application rate was 1.5 lbs/1000 
ft3 and it took 0.1 hours to perform the application.  The treatment period was 
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assumed to be 4 hours.  The air exchange rate during treatment was 0.5 per hour, and 
it was 2.0 per hour during aeration.  A point source emission was chosen.  The stack 
height (above the building) was 1 meter with a stack diameter of 1 meter.  The stack 
exit velocity was assigned as 0.05 m/sec. 
 
Figure 5.9 shows the predicted emission rates using the theoretical model.  The 
emissions decline rapidly in the first several hours after the application despite the 
relatively tight condition (0.5 air changes per hour).  There is a small peak at hour 5 
due to the beginning of the aeration period, where more material is pushed out 
quickly.  The emissions move rapidly to zero during the aeration period due to the 
quick removal from the building. 
 

Figure 5.9.  Hourly Emissions Rates Following Greenhouse Application 
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The 95th percentile maximum concentration buffer distance for this example was 100 
meters, and the 95th percentile whole field distribution buffer zone was 0 meters.  
Figure 5.10 shows the 95th percentile contour plot for the greenhouse scenario.  The 
only buffer distances are in the northeast direction. 
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Figure 5.10.  95th Percentile Contour Plot for the Greenhouse Scenario for the First 
Period After the Application 
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5.7 Near-Field Activity Zone Scenario 

 
The near-field activity zone scenario was run with an inner ring distance of 100 
meters and an outer ring distance of 500 meters.  The concentration distribution for 
each period after the application inside the near-field activity zone is displayed in 
Figure 5.11.  The 95th percentile concentrations for each period are 150 � g/m3, 150 
� g/m3 and 17 � g/m3, respectively. 
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Figure 5.11.  95th Percentile Contour Plot for the Greenhouse Scenario for the First 

Period After the Application 
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Appendix A – List of PERFUM2 Error Messages and Possible Solutions 

 
 

Error Number Description of the Error Possible Solutions 

901 PERFUM.INP file not found Check that PERFUM.INP file is the same 
directory as the PERFUM executable file. 

902 Unknown scenario type Scenario type must be SF, MF1, MF2, 
MOE, or GRN (use all capital letters).  
Should be on line 8. 

903 Error reading meteorological station ID Make sure meteorological station ID is on 
line.  Should be on 12 CHARACTERS and 
be an INTEGER. 

904 Error reading upper-air station ID Make sure upper-air station ID is on line.  
Should be on line 13 and be an INTEGER. 

905 Error reading length of source in x-
direction 

Should be REAL number on line 14 

906 Error reading length of source in y-
direction 

Should be REAL number on line 15 

907 Field size must be greater than 0.001 acres 
and less than or equal to 40 acres 

Field size is line 14 times line 15, 
converted to acres. 

908 Invalid grid density choice Can be either C (coarse) or F (fine) and 
should be on line 16.  Use only capital 
letters. 
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Error Number Description of the Error Possible Solutions 

909 Error reading distance between multiple 
fields 

Should be on line 18 and a REAL number. 

910 Error reading flux entry choice for MF1 
scenario 

Should be a character on line 19 

911 Invalid flux choice Can be either P (proportion) or E (enter).  
Should be on line 19.  Use only capital 
letters. 

912 Error reading the flux proportion value Should be a REAL number on line 20. 

913 Error reading main source for MF2 
scenario 

Should be an INTEGER on line 22 

914 Main source for MF2 scenario must be 
between 1 and 4 

Should be on line 22.  Valid values are 1 
(northeast), 2 (northwest), 3 (southwest), 
and 4 (southeast). 

915 Error reading flux proportion value for 
MF2 scenario 

Should be a REAL number on lines 24-27. 

916 Error reading source type for greenhouse 
scenario 

Should be a CHARACTER on line 23 

917 Greenhouse source type must be P or A. Can be either P (point) or A (area).  Should 
be on line 29.  Use only capital letters. 

918 Error reading greenhouse source height Should be a REAL number on line 30. 

919 Invalid greenhouse source height. Greenhouse source height must be <50 
meters. 
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Error Number Description of the Error Possible Solutions 

920 Error reading greenhouse application rate Should be a REAL number on line 33 

921 Error reading greenhouse time of 
application 

Should be a REAL number on line 34 

922 Greenhouse time of application must be 
evenly divisible by 0.1 hours 

Time of application must be in 0.1 hour 
increment.  Should be on line 34 

923 Error reading greenhouse air exchange rate 
during treatment 

Should be a REAL number on line 36 

924 UNUSED  

925 Error reading treatment time for a 
greenhouse scenario 

Should be a REAL number on line 35 

926 Error reading greenhouse stack diameter Should be a REAL number on line 39 

927 UNUSED  

928 Error reading air exchange rate during 
aeration 

Should be a REAL number on line 37 

929 Error reading header string for flux data Should be no more than 60 
CHARACTERS on line 42 

930 UNUSED  

931 Error reading header string for 
meteorological file 

Should be no more than 20 
CHARACTERS on line 43 

932 Error reading the number of simulation 
days 

Should be an INTEGER on line 44 
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Error Number Description of the Error Possible Solutions 

933 Invalid number of simulation days Simulation days should be between 1 and 
15.  Should be on line 45. 

934 Error reading the averaging time Should be an INTEGER on line 46 

935 Averaging time must be between 1 and 24 Should be line 46 and between 1 and 24 

936 Averaging time must be a factor of 24 The valid values are 1, 2, 3, 4, 6, 8, 12, and 
24. 

937 Error reading the distribution averaging 
time 

Should be an INTEGER on line 47. 

938 Distribution averaging time is less than 
averaging time 

Distribution averaging time must be 
greater than or equal to averaging time 

939 Distribution averaging time must be an 
even multiple of averaging time 

Averaging time must evenly divided into 
the distribution averaging time 

940 Distribution averaging time must be less or 
equal to 24. 

Distribution averaging time can be 1, 2, 3, 
4, 6, 8, 12, or 24. 

941 Distribution averaging time must be a 
factor of 24. 

Distribution averaging time can be 1, 2, 3, 
4, 6, 8, 12, or 24. 

942 Error reading start year of model run Must be a 4-digit INTEGER on line 48 

943 Start year is out of bounds Start year must be between 1975 and 2010 

944 End year is out of bounds End year must be between 1975 and 2010 

945 Error reading end year of model run Must be a 4-digit INTEGER on line 49 

946 Start year can not greater than end year End year must be equal to or greater than 
the start year 

947 Error reading application start hour Must be an INTEGER on line 50 
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Error Number Description of the Error Possible Solutions 

948 Application starting hour must be between 
1 and 24 

Application starting hour must be between 
1 and 24.  Should be on line 50 

949 Error reading meteorological file name Should be a 12 CHARACTER string on 
line 51 

950 Error reading PERFUM output file name Should be a 12 CHARACTER string on 
line 52 

951 Error reading plot file name Should be a 12 CHARACTER string on 
line 53 

952 Error reading contour file name Should be a 12 CHARACTER string on 
line 54 

953 Error reading contour percentile Should be a REAL number on line 55 

954 Contour percentile must be between 1 and 
99.9 

Should be a REAL number of line 55 
between a 1 and 99.9 

955 Error reading fumigant NOEL Should be a REAL number on line 56 

956 Error reading uncertainty factor Should be a REAL number on line 57 

957 Uncertainty factor must be greater than 
zero 

Should be a REAL number on line 57 and 
greater than zero 

958 UNUSED  

959 Error reading buffer length Should be a REAL number on line 58 

960 Buffer length must be greater than 0 and 
less than 1440 meters 

Should be a REAL number on line 58 and 
between >0 and <=1440 meters 

961 Error reading the number of applications Should be an INTEGER on line 60 
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Error Number Description of the Error Possible Solutions 

962 The number of application rates must be 
between 1 and 10 

Should be an INTEGER on line 60 and 
between 1-10. 

963 Error reading application rates Should be REAL numbers on lines 61-70 

964 All application rates must be greater than 
zero 

Should be REAL numbers on lines 61-70 
and greater than zero 

965 Inconsistent application rate for 
greenhouse scenario 

For greenhouse scenario, application rate 
specified on line 32 must equal application 
rate specified on line 61 (Application rate 
no. 1) 

966 Error reading ISCST3 input file name Should be a 12 CHARACTER string on 
line 10 

967 Error reading ISCST3 output file name Should be a 12 CHARACTER string on 
line 11 

968 The first application rate must be the 
largest. 

Application rate specified on line 61 must 
be greater than the others. 

969 Error reading flux rates Must be REAL numbers on lines 72-95 
and 97-195 for multiple fields. 

970 Less than 24 hours of flux data input Only complete days of flux data can be 
entered 

971 All fluxes must be entered as REAL 
numbers and there must be the same 
number of flux rates as simulation days 

Each line after line 71 should have a 
number of REAL numbers equal to the 
number of simulation days (line 45) 
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Error Number Description of the Error Possible Solutions 

972 Distance between sources for MF1 
scenario must be twice largest field length 

The distance specified on line 18 must be 
at least twice the largest field length (lines 
14 and 15). 

973 Greenhouse stack temperature must be 
between 283 Kelvin and 313 Kelvin 

Greenhouse temperature specified on line 
41 must be between 283-313 

974 Aspect ratio of source must be <10 The maximum ratio of the field lengths 
(lines 14 and 15) must be <10. 

975 Distance between multiple sources must be 
less than 5 km 

Value specified on line 18 must be less 
than 5000 (in meters) 

976 Error reading greenhouse stack height Should be REAL number on line 36. 

977 Mass balance error for flux inputs Compare the flux rate inputs with the 
application rate to ensure a mass balance. 

978 Maximum of 5 years of meteorological 
data 

Span of years defined in lines 48-49 cannot 
exceed 5. 

979 Error opening plot file Verify that default directory structure is in 
tact. 

980 Error opening contour file Verify that default directory structure is in 
tact. 

981 Error opening PERFUM output file Verify that default directory structure is in 
tact. 

982 Error reading adjusted greenhouse height Should be a REAL number on line 31 

983 Adjusted greenhouse height should be less 
than actual height 

Change adjusted height to a number equal 
to or less than actual height 



 

 

 
 

Appendix B – Example PERFUM.INP File 

 
001  * PERFUM2 Input File 
002  *** Specify scenario type **** 
003  ** SF = single field 
004  ** MF1 = multiple field no. 1 (4 fields surrou nding main field 
005  ** MF2 = multiple field no. 2 (large field bro ken into quadrants) 
006  ** MOE = margin of exposure (for single fields  only) 
007  ** GRN = greenhouse scenario 
008  Scenario Type:                NF 
009  * ISCST3 Portion of Control File - Used for al l scenarios 
010  ISCST3 input file:            NF.inp 
011  ISCST3 output file:           NF.out 
012  Met station ID:               99999 
013  Upper air station ID:         99999 
014  Field length x-direction (m): 142.2 
015  Field length y-direction (m): 142.2 
016  Grid density (C/F):           F 
017  ** Additional information for MF1 Scenario 
018  Distance between sources (m): 450.0 
019  Fluxes (enter or proportion): P 
020  Flux proportion:              1.0 
021  ** Additional information for MF2 Scenario 
022  Main source:                  3 
023  Flux choice (P/E):            P 
024  Flux proportion for NE:       0.30 
025  Flux proportion for NW:       0.15 
026  Flux proportion for SW:       1.0 
027  Flux proportion for SE:       0.05 
028  ** Additional information for the Greenhouse s cenario 
029  Source type (P/A):            A 
030  Building Height (meters):     0.0 
031  Adjusted Height (meters):     0.0 
032  Flux choice (C/E):            E 
033  App rate (lbs/1000ft3):       0.0 
034  Time spent applying (hours):  0.0 
035  Time spent treating (hours):  0.0 
036  AER (hr-1) treatment:         0.0 
037  AER (hr-1) aeration:          0.0 
038  Stack height, m (above bldg): 0.0 
039  Stack diameter (m):           0.0 
040  Exit velocity (m/sec):        0.0 
041  Exit temperature (Kelvin):    0.0 
041A * Near field activity zone part 
041B inner ring                    100.0 
041c outer ring                    500.0 
042  * Buffer zone model portion - general inputs f or all scenarios 
043  Flux data source:             CDPR Commodity P ermit Conditions 
044  Meteorological source         Ventura, CA 
045  Number of simulation days:    2 
046  Averaging Period:             8 
047  Distribution Avg. Period:     8 
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048  Begin Year:                   1995 
049  End Year:                     1999 
050  Starting Hour:                13 
051  Meteorological file:          vt.MET 
052  Output file:                  PERFUM.OUT 
053  Plot file:                    PERFUM.PLT 
054  Contour file:                 PERFUM.CTR 
055  Contour Percentile:           95 
056  NOEL or HEC (ug/m3):          50000 
057  UF:                           100.0 
058  Buffer length (m):            75.0 
059  ** Include application rates for calculation 
060  Number of Application rates:  1 
061  Application rate no. 1:       200.0 
062  Application rate no. 2:       0.0 
063  Application rate no. 3:       0.0 
064  Application rate no. 4:       0.5 
065  Application rate no. 5:       0.0 
066  Application rate no. 6:       0.0 
067  Application rate no. 7:       0.0 
068  Application rate no. 8:       0.0 
069  Application rate no. 9:       0.0 
070  Application rate no. 10:      0.0 
071  ** Flux data for Main Source 
072  Hour1:                        20.0 5.0 
073  Hour2:                        20.0 5.0 
074  Hour3:                        20.0 5.0 
075  Hour4:                        20.0 5.0 
076  Hour5:                        20.0 5.0 
077  Hour6:                        20.0 5.0 
078  Hour7:                        20.0 5.0 
079  Hour8:                        20.0 5.0 
080  Hour9:                        20.0 5.0 
081  Hour10:                       20.0 5.0 
082  Hour11:                       20.0 5.0 
083  Hour12:                       20.0 5.0 
084  Hour13:                       200.0 50.0 
085  Hour14:                       200.0 50.0 
086  Hour15:                       200.0 50.0 
087  Hour16:                       200.0 50.0 
088  Hour17:                       200.0 50.0 
089  Hour18:                       200.0 50.0 
090  Hour19:                       100.0 25.0 
091  Hour20:                       100.0 25.0 
092  Hour21:                       100.0 25.0 
093  Hour22:                       100.0 25.0 
094  Hour23:                       100.0 25.0 
095  Hour24:                       100.0 25.0 
096  ** Flux data for Multiple Source No. 1 
097  Hour1:                         
098  Hour2:                         
099  Hour3:                         
100  Hour4:                         
101  Hour5:                         
102  Hour6:                         
103  Hour7:                         
104  Hour8:                         
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105  Hour9:                         
106  Hour10:                        
107  Hour11:                        
108  Hour12:                        
109  Hour13:                        
110  Hour14:                        
111  Hour15:                        
112  Hour16:                        
113  Hour17:                        
114  Hour18:                        
115  Hour19:                        
116  Hour20:                         
117  Hour21:                        
118  Hour22:                        
119  Hour23:                        
120  Hour24:                        
121  ** Flux data for Multiple Source No. 2 
122  Hour1:                         
123  Hour2:                         
124  Hour3:                         
125  Hour4:                         
126  Hour5:                         
127  Hour6:                         
128  Hour7:                         
129  Hour8:                         
130  Hour9:                         
131  Hour10:                        
132  Hour11:                        
133  Hour12:                        
134  Hour13:                        
135  Hour14:                        
136  Hour15:                        
137  Hour16:                        
138  Hour17:                        
139  Hour18:                        
140  Hour19:                         
141  Hour20:                         
142  Hour21:                        
143  Hour22:                        
144  Hour23:                        
145  Hour24:                        
146  ** Flux data for Multiple Source No. 3 
147  Hour1:                         
148  Hour2:                         
149  Hour3:                         
150  Hour4:                         
151  Hour5:                         
152  Hour6:                         
153  Hour7:                         
154  Hour8:                         
155  Hour9:                         
156  Hour10:                        
157  Hour11:                        
158  Hour12:                        
159  Hour13:                        
160  Hour14:                        
161  Hour15:                        
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162  Hour16:                        
163  Hour17:                        
164  Hour18:                        
165  Hour19:                        
166  Hour20:                         
167  Hour21:                        
168  Hour22:                        
169  Hour23:                        
170  Hour24:                        
171  ** Flux data for Multiple Source No. 4 
172  Hour1:                         
173  Hour2:                         
174  Hour3:                         
175  Hour4:                         
176  Hour5:                         
177  Hour6:                         
178  Hour7:                         
179  Hour8:                         
180  Hour9:                         
181  Hour10:                        
182  Hour11:                        
183  Hour12:                        
184  Hour13:                        
185  Hour14:                        
186  Hour15:                        
187  Hour16:                        
188  Hour17:                        
189  Hour18:                        
190  Hour19:                         
191  Hour20:                         
192  Hour21:                        
193  Hour22:                        
194  Hour23:                        
195  Hour24:                     

 


