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Abstract

CHEM_MACCS has been developed from the radiological accident consequence code,
MACCS, to perform probabilistic calculations of potentia off-ste consequences of the
accidenta atmospheric release of hazardous chemicas. The principa phenomena considered in
CHEM_MACCS are atmospheric transport, mitigative actions based on dose projection, dose
accumulation by a number of pathways, and early and latent hedth effectss. CHEM_MACCS
provides the following capabilities: (1) Satistical weather sampling data (8760 hourly data
points per year), (2) population dose and hedth effect risk caculations based on Site-specific
population data, (3) hedth effects caculations including the condderation of potentid Ste
specific mitigative actions (evacuation and shielding), and (4) modding of multiple release
segments.  Three different sample problems are contained in this report to show how to use
CHEM_MACCS. Three test problems are run to compare CHEM_MACCS and D2PC. The
doses versus the downwind centerline distances from the source for the given doses are in very
close agreement.
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1. Introduction
1.1 Background

On December 3, 1994, the worst industrial accident ever recorded occurred with the
release of toxic gas from a Union Carbide plant in Bhopd, India. Touched off by a chemica
explosion, as much as 40 tons of methyl isocyanide were reeased, killing 3,849 people and
injuring 20,000. Union Carbide paid $470 million to the victims and their families. Other top-
ranking accidents involving deadly hazardous materids include an exploson and oil soill that
resulted in 3,000 deaths at Mindoro, Philippines, in 1987; an exploson and carbon monoxide
release that resulted in 2,700 degths at Sdlang Pass, Afghanigtan, in 1982; and an ammonium
nitrate explosion that resulted in 576 deaths at Texas City, Texas, in 1947.

The average number of toxic chemicd accidents in the United States is 19 per year.
About 75% of these accidents occur a industrial facilities, while the remaining 25% result from
trangportation accidents.  Approximately 51% of chemica accidents result from equipment
falures, and about 21% are caused by human errors. Roughly one in Sixteen chemica pills
causes immediate injury. Fifteen percent of U.S. chemica accidents that pollute surface
waters, 38% pollute air and 47% pollute the land.*

Congdering the high frequency and potential consequences of accidenta releases of
hazardous chemicals, this study was undertaken to demonstrate that methods developed to
andyze accidenta releases of radioactive materias from nuclear power plants can be adapted
to anayze accidentd releases of hazardous chemicals. The computer code adapted hereis the
MELCOR Accident Conseguence Code System (MACCS).2**®> MACCS is used to perform
probabilistic caculations of the potential offdte consequences of atmospheric releases of
radioactive materia in nuclear reactor accidents. MACCS was developed at Sandia National
Laboratories (SNL) for the U.S. Nuclear Regulatory Commisson (NRC). MACCS
cdculations are based on user-input, Ste-specific data on Ste westher, the population
distribution surrounding the site, evacuation scenarios, and other relevant Site characteristics.
One year of hourly meteorological data may be input to produce a probability distribution of
consequences based on the uncertainty in predicting the weether at the time of an accident.

MACCS was extensvely checked and tested during its development. Since its initid
reease in 1990, MACCS has been continuoudy maintained by Sandia Nationad Laboratories
under contract with the NRC. Maintenance activities have included the documentation of code
errors as reported by users, the correction of code errors, and the updating of code features as
requested by users and funded by the NRC. MACCS has been inspected line by line at the
|daho National Engineering Laboratory at the request of the NRC.° The results of MACCS
caculations have been benchmarked against European, Japanese, and U.S. nuclear accident
conseguence codes and found to be in good agreement.”®® MACCS has been used in many
probabilistic risk assessments including the NUREG-1150 study,™® and it is widely used by
Department of Energy facilitiesfor safety andyss reports.

Science Applications International Corporation (SAIC) sponsored work by SNL and
the Universty of New Mexico (UNM) to modify MACCS to include the capability of



caculating the probabilistic offste consequences of the accidental atmospheric release of
hazardous chemicas. The verson of MACCS modified to calculate the consequences of
toxicologicd accidentsis referred to as CHEM_MACCS.

In developing CHEM_MACCS from MACCS, 58 subroutines associated with long-
term exposures (the CHRONC module) and with radioactive decay were deleted, and the
resdua code was then modified to:

a caculate acute doses associated with six chemical exposure pathways

(Chapter 3),
b. introduce probit equations to calculate the risks of acute hedlth effects,
and Q-factorsto calculate latent cancer risks (Chapter 5),
C. accept a modified DOSDATALINP file containing probit parameters
for three nerve agents (GA, GB, and VX) and the blistering agent HD
(mustard gas)
d. add two new output options, the maximum distance at which a user-
specified levd of risks from early injuries is exceeded and the area of
land contaminated in excess of a user-specified levd,
e alow the user to redtrict the accident initiation time to normal working
hours (or any other user-specified dally intervd),
Verification was undertaken at each stage of the development to ensure proper implementation
of these modifications (Chapter 6 and Appendix D).

This study is intended to serve as interim documentation of the CHEM_MACCS code.
To accomplish this, much of the materid in Chapters 1 and 2, as well as Appendices A
through C, has been adapted to CHEM_MACCS with only minor changes from MACCS
documentation>®  The other chapters and appendices are origind and specific to
CHEM_MACCS.

1.2 Model Overview

Should an accidental release of toxic chemicas occur, the gases and aerosols in the
plume, while dispersng in the atmosphere, would be transported by the prevailing wind. The
environment would be contaminated by chemicas deposited from the plume and the public
could be exposed to those chemicals. Estimating the number of hedlth effects that could result
from releases of buoyant plumes of toxic chemicas to the atmosphere is the object of
CHEM_MACCS cdculations.

CHEM_MACCS isdivided into two parts: ATMOS and EARLY. ATMOS tresats the
atmospheric transport and disperson of toxic chemicals and their deposition onto the ground.
EARLY modds the effect of the release on the surrounding area during an emergency action
period, which starts immediately after the release and can last up to 1 week. In this period, the
exposure of the population to toxic clouds is modeled. Various protective measures can be
specified for this phase, including evacuation, sheltering, and relocation.

The probabilities of hedth effectsin CHEM_MACCS are based on probit equations for
acute hedth effects and potency factors for latent health effects (excess cancers) caused by



exposure to released chemicds. CHEM_MACCS does not model health effects resulting from
the ingestion of contaminated food or water. CHEM_MACCS modds only chemical releases;
it does not model radiological releases.

The polar grid used by CHEM_MACCS is centered on the release location (r=0, g=0).
The user specifies the number of radia divisons as well as their endpoint distances. Up to 35
of these divisons can be defined, extending out to a maximum distance of 9,999 km. The
angular divisons, q, of the spatia grid correspond to the 16 points of the compass. In the
United States, these compass points are commonly used to express wind direction. All of the
cadculations of CHEM_MACCS are stored on the basis of this polar coordinate spatia grid.

Since the dose-response models for early fatdities and early injuries are highly
nonlinear, some CHEM_MACCS caculations must be performed on a finer grid. For this
reason, the 16 compass sectors can be subdivided into ether 3, 5, or 7 user- specified
subdivisons.

1.2.1 Input Data and Quantities Calculated by CHEM_MACCS
CHEM_MACCS cdlculations require the following input data:

The inventory at accident initiation of those chemicas important for the caculation of
CONSequences,

The atmospheric source term produced by the accident (number of plume segments released;
sensible heat content; timing, duration, and height of each plume segment; time when offsite
officids are warned that an emergency response should be initiated; and for each important
chemicd, the fraction of the inventory released with each plume segment);

The population distribution around the site (distributions are constructed from census dataon a
polar coordinate grid having 16 angular sectors digned with the 16 compass directions and
some number of radid intervals that extend outward to 80 km or more);

Emergency response assumptions for evacuation (delay time of evacuation, area evacuated,
average evacuation speed, and travel distance), sheltering (area sheltered), and postaccident
relocation (dose criteria and relocation time);

Meteorological data characterigtic of the dte region (usudly 1 year of hourly windspeed,
amospheric stability, and rainfall recorded at the Site or at a nearby Nationa Weether Service
station).



Given the preceding input data, CHEM _MACCS estimates the following:

The downwind transport, disperson, and depostion of the chemicds released to the
atmosphere from the facility.

The short-term doses received by exposed populations via direct pathways (skin contact and
inhalation).

The mitigation of these doses by emergency response actions (evacuation and sheltering).

The early fatdities and injuries expected to occur within 1 year of the accident (early hedth
effects) and the delayed (latent) cancer incidences expected to occur over the lifetime of the
exposed individuds.

1.2.2 Atmospheric Transport

CHEM_MACCS dlows a release of chemicds to the amosphere to be divided into
successive plume segments, which can have different compositions, release times, durations,
and energies (amounts of sensble heat). Plume segment lengths are determined by the product
of the segment's release duration and the average windspeed during release. Theinitid vertica
and horizontd dimensions of each plume segment are user specified. |f a release occurs into
the wake of a building, then wake dimensons can be used to set the initid crosswind
dimengons of the plume. If not, a point source can be specified.

A liftoff criterion (a critical windspeed that increases as plume buoyancy increases)
determines whether buoyant plumes are subject to plumerise™ When the windspeed at release
equals or exceeds the critica windspeed, plume rise is prevented. When the windspeed at
release is less than the critical windspeed, plume rise is alowed, and the height to which a
buoyant plume rises is determined using equiations recommended by Briggs.>*

After release, windspeed determines the rates at which plume segments move in the
downwind direction, and the wind direction at the time of release determines the direction of
trave.  As is done in many consequence codes*® CHEM_MACCS neglects wind
trgectories. The population distributions over the 16 compass sectors are assumed to
condtitute a representative set of exposed populations downwind. The exposure probability of
each of the 16 population distributions is assumed to be given by the frequency with which
wind blows from the Site into the sector (i.e., Site compass sector wind-rose frequencies).

Digperson of the plume in the verticd and horizontal (crosswind) directions is
estimated by using an empirica straight-line Gaussian plume modd.”® Thus, dispersion rates
depend on windspeed and amospheric stability.  Although horizonta disperson of plume
segments is uncongtrained, vertica dispersion is bounded by the ground and by the top of the
mixing layer (as specified by annua or seasona mixing layer heights™), which are modeled as
totally reflecting layers using mirror image sources™  Since the number of reflections increases
as travel times lengthen, eventudly the vertical distribution of each plume segment becomes
uniform and is so modeed theresfter.”®



1.2.3 Deposition, Weathering, Resuspension, and Decay

In CHEM_MACCS, agrosols are removed from the plume by washout, which varies
with rainfal rate,"® and by diffusion to, impaction on, and gravitational settling onto surfaces.
The combined remova rate from diffuson, impaction, and settling is modeled usng an
empirical dry deposition velocity.”® Because the dry deposition velocity varies with particle
gze, if the aerosol sze digtribution is divided into ranges, a dry-depostion velocity must be
gpecified for each range.

Weathering, resuspension, and washoff decrease surface concentrations of chemicas
deposited on the ground. Westhering is modeled using Gale's equation” Resuspension is
modeed using resuspension factors that attempt to represent the average effect of resuspension
by many processes at very different rates throughout large regions® Washoff is moddled as a
first-order remova processthat is integrated over al time after theinitia deposition.”

1.2.4 Weather Data

Plume rise, dispersion, downwind transport, and deposition depend on prevailing
wegther conditions (windspeed, atmospheric sability, rain rate). In CHEM_MACCS these
may either be invariant or may vary hour by hour. If varigble, they can be user specified or can
be read from a wesether file. When variable wegather data are used to modd a multiple segment
release, one of the plume segments must be specified as risk dominant. Usudly, the risk-
dominant segment will be the segment that produces the acute doses that dominate early
fatalities. Once a risk-dominant segment has been specified, CHEM_MACCS automaticaly
causes the leading edge of that segment to be released at the beginning of the first hour of
wegther datain the hourly sequence of variable weether data.

1.2.5 Dose

The CHEM_MACCS dose modd congists of three interacting processes: projection of
individua exposures for each of the exposure pathways modeled, mitigation of these exposures
by protective measures, and calculation of the actua exposures incurred after mitigation by
protective measures. For each exposure pathway, CHEM_MACCS models the reduced
burden that results from mitigating actions.

1.2.5.1 Dose Mitigation

During the emergency phase, which can last up to 7 days, exposure is reduced by
evacuation, sheltering, and temporary relocation of people. In CHEM_MACCS, people
relocate only if their projected doses exceed a user-specified limit. In contrast to temporary
relocation, evacuation and sheltering automaticaly take place within some specified region
without regard to projected exposures. After adelay period that follows an optiond period of
sheltering, additional exposure can be incurred during evacuation of the populace. Evacuation
is assumed to be radidly outward. The speed of evacuation can be varied to account for the
possibility of traffic jams and impeded travel. At a user-specified distance from the facility,



evacuees are assumed to be directed out of the path of the plume so that further exposures are
avoided.

1.2.5.2 Exposure Pathways

The chemica doses cdculated in CHEM_MACCS are closdaly associated with specific
exposure pathways. The five different pathways discussed in Section 3.2 are inhdation of
plume vapor, skin contact with plume vapor, skin contact with plume liquid, inhaation of
resuspended vapor, and skin contact with resuspended vapor.

1.2.5.3 Protection Factors

CHEM_MACCS assigns people to three groups. evacuees, people actively taking
shelter, and people who continue norma activities. Doses to evacuees are caculated usng
vehicle protection factors. Protection factors for people who actively take shelter are smaller
(i.e, they are better protected) than for people who continue normal indoor activities. Thisis
because people who actively take shelter are assumed to close doors and windows and turn off
ar circulation systems. Protection factors for people are caculated outsde of the code and
specified by the user.

1.2.6 Health Effects

The caculations of hedth effectsin CHEM_MACCS are based on probit equations for
acute hedlth effects and potency factors for the caculation of latent hedth effects (excess
cancers) caused by exposure to released chemicas. CHEM_MACCS does not modd hedlth
effects resulting from the ingestion of contaminated food or water. CHEM_MACCS modds
only chemicd releases; it does not model radiologica releases.

Mogt of the datarelating chemica doses and specific hedlth effects are for exposures to
only one chemica species. The CHEM_MACCS method of combining doses from different
chemicasisto linearly weight the relevant air and skin concentrations of different chemicasin
proportion to their ability to cause the hedth effect in question. The basis for this gpproach is
discussed in Section 5.2.

1.3 User's Overview

Accidents can lead to source terms of quite different magnitudes, and the wesather
conditions at the time of the release can greeatly dter the magnitude of consequences (eg.,
intense rain at the time of the release or plume transport out to sea would largely diminate
hedlth effects, while rainout of the plume onto a nearby city could greetly incresse early hedth
effects).

Because consequences vary with source term magnitude, wesather, and population
dengity, consequence assessments must examine al possible combinations of representative sets
of source terms, weather sequences, and exposed populations. Usudly digtributions that
display the variation of consequences with weather and population density are first developed
for each representative source term.  Then, an integra depiction of consequences may be



congtructed by a weighted summation of these source-term dependent distributions, with each
digtribution weighted by the estimated absolute probability of occurrence of its underlying
source term.

Given a source term, a CHEM_MACCS consequence calculation generates results for
al possble combinations of a representative set of weether sequences (usudly about 150
sequences) and a representative set of exposed populations downwind (usudly 16), thereby
producing about 2,400 results for each consequence measure examined.  Since the probability
of occurrence of each wesather sequence (P.) and the exposure probability of each population
digtribution (P,) are known, the variability with westher and population of the 2,400 results
can be displayed by a complementary cumulative distribution function (CCDF) of consequence
magnitude."*

Figure 1 presents a CCDF of the number of early fatalities that resulted from 2,400
trids. The following statistical results may be extracted from a CCDF. the probahility that any
conseguence occurs (y-intercept); the expected (mean) consequence,

E(X) = A PiX

where P, is the probability (P = P.iP,) and X; the magnitude of each of the 2,400 results; the
consequence magnitudes that correspond to given quantile values (e.g., for any consequence
the 90th quantile is the consequence magnitude that has a conditional probability 0.1 of being
equaed or exceeded), and the largest consequence magnitude calculated for any weather trid
(the consequence magnitude that corresponds to the tail of the CCDF). For the example
shown in Figure 1, the probability of having any early fatdities is 0.2; the early fatdity 90th
quantileis 2; and the largest result caculated is 30.

To facilitate uncertainty and sengtivity andyses, the vaue of dmost every parameter
used in the CHEM_MACCS code can be changed by the user. The input format is
sdf-documenting to make such changes easier to implement. Appendices A, B, and C describe
CHEM_MACCS input in detall.

Unless specified otherwise, al times used in CHEM_MACCS are referenced to the
time of accident initiation. Throughout CHEM_MACCS, standard internationd units have
been used to the greatest possible extent.
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1.3.1 CHEM_MACCS Structure

CHEM_MACCS modding caculations are preceded by processing of al input to the
code. There is extensive checking for errors so that input errors are located and diagnosed
before the modeling calculations are performed. If any errors are detected, the program triesto
vadidate as much of the subsequent input as possible in order to facilitate the debugging
process, but execution of the program is then terminated.

All the phenomenologica modeling occurs in the second phase of a CHEM_MACCS
run. The sequence in which the phenomena are eva uated closdly follows the temporal order of
events in the real world. The phenomenologicd models are for the most part based on
empiricd data and the solutions they entall are usudly andyticd in nature and computationaly
graightforward. There aretwo moduless ATMOS and EARLY .

ATMOS treats the atmospheric transport and dispersion of materia and its deposition
from the ar. EARLY modéels the effect of the accident on the surrounding area during an
emergency action period, which starts immediately after the accident and which can last up to
one week.

ATMOS defines the weather conditions, initidizes the dimensons of the plume;
determines whether there will be any plume rise; calculates the arrivd time of the plume, the
amount of materiad remaining after wet depostion, and the disperson of the plume. It
determines the amount of plume rise of a buoyant plume; caculates amospheric disperson,
ignoring deposition, the amount of materia remaining after dry depostion, the amount of
materid lost from dry and wet deposition together, and average air and ground concentrations.
Findly, it indicates how much of the plume isleft after deposition and updates the particle size
distribution.

EARLY cdculates the histogram approximating the Gaussan didribution, the
cloudshine correction factor, the doses in the relocation zone (nonshelterees, nonevacuees), the
doses to shdlters and evacuees while they are stationary, the doses to evacuees while they are
moving, and the hedth-effect risks requested by the user.

The data needed to define these modds are specified through two user input files, one
for ATMOS and one for EARLY. The requirements for preparation of these files are
described in Appendices B and C.
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2. Atmospheric Dispersion and Transport
2.1 Introduction

ATMOS treats downwind transport, dispersion, and deposition. In addition to the
vaues of the parameters implemented in the phenomenologicd models, the ATMOS module
also requires that the nature of the release and the dimensions of the computationa grid be
gpecified as input. Given these data, ATMOS then models plume liftoff and rise, the capping
of plume rise and of verticd plume expansion by inverson layers, downwind transport of the
plume, dry horizontal and verticd dispersion of the plume, plume depletion by wet and dry
deposition, and the centerline air and ground concentrations that these processes produce on
the computational grid.

Most of the modds implemented in ATMOS use weather conditions as input data

Either constant or variable weeather data can be used. Variable data are specified as a sequence
of hourly vaues of windspeed, class of atmospheric stability, and amount of precipitation that
begins at a time specified by the user or sdlected by the weether categorization and sampling
agorithm embedded in the code. If varidble data are used to model a release that is divided
into plume segments, the user must designate one of the segments as risk dominant, whereupon
ATMOS automatically causes the release of that segment to coincide with the start time of
(first hour of data in) the variable sequence of weather conditions. The user must lso select a
representative weather bin point for each plume segment, which determines the weather
conditions that will be used to calculate al transport processes except wet deposition. The
phenomenological models implemented in the ATMOS module of CHEM_MACCS are
described in the following sections of this chapter.

2.2 Release Specification

To model long-duration releases, CHEM_MACCS allows any plume to be divided into
segments.  The amount of materid released in each plume segment is specified by a set of
release fractions. One release fraction, referenced to the inventory of the facility at the time of
the postulated accident, must be specified for each chemica species. In addition to the release
fractions, CHEM_MACCS a0 requires that the release time and duration, warning time
before release, the release height, and the sensible heat content of each plume segment be

Specified.
2.3 Weather Data

The atmospheric transport modds implemented in CHEM_MACCS require hourly
readings of windspeed, wind direction, atmospheric stability, and rainfal (precipitation) as
input. For each westher sequence examined by ATMOS, 120 hr of wesather data are required.

In addition, four values of the mixing height (height of the capping inversion layer), one for
each season of the year, must aso be specified.

2.3.1 Weather Sequence Selection
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In CHEM_MACCS, there are five ways to specify the required 120 hr of weather data
that constitute a weather sequence:

Congtant Weather Conditions.  one windspeed, one atmospheric stability class,
one hourly amount of precipitation.

User-specified Weather Sequence: 120 hourly readings of windspeed, stability
class, and precipitation amounts.

User-specified Sart Time: the day and hour in a 1 year-long westher file when
the 120-hr-long weather sequence selected for use begins.

Stratified Random Sampling: the length of the time period (number of hours or
days) from which one start time is to be selected by random sampling froma 1
year-long weether file (e.g., randomly select one start time from each sequentia
period of 12 hr).

Structured Monte-Carlo Sampling:  random sdlection of a user-specified
number of weather sequences (art times) from the set of sequences assigned
to user-specified westher categories by sorting a 1 year-long wegther file
according to user-specified criteria (a 1 year-long file of hourly weather data
contains 8,760 hr of data and thus 8,760 sequence start times).

2.3.2 Weather Sequence Categorization

The agorithm used by CHEM_MACCS to categorize weather sequences (start times)
is Smilar to the agorithm implemented in an earlier consequence moddling code (CRAC2).%
The algorithm sorts weather sequence start times (start day and hour) into weather categories
in two ways.

Initiadl Conditions: tability class and windspeed during the start hour of the
sequence (e.g., F-gtability with awindspeed between 1 and 2 m/s).

Precipitation Characterigtics: the downwind distance a which precipitation
begins and the rate (mmvhr) of that precipitation (e.g., precipitation will start
after the plume segment has moved 3 km and before it has moved 6 km; the
precipitation rate during the first hour in which precipitation occurs will lie
between 1 and 2 mmv/hr).

2.3.3 Boundary Weather

Because 120 hr of weather data may not be sufficient to transport a single segment
release (or the last plume segment in a multiple segment release) off the computationd grid, a
congtant set of weather conditions called "boundary weather" must be specified for use should
a segment still be partly or wholly on the computational grid after the last hour of data in the
120-hr weather sequence has been used. The CHEM_MACCS user may aso specify that
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boundary weather will be used whenever a plume segment reaches a user-specified downwind
distance (spatiad eement on the computationd grid).

Boundary wegther is required by ATMOS to modd (1) short releases that encounter
persastent, low windspeed conditions and (2) releases of long duration. Two examples
illustrate the need for boundary weather. First, al hr release will require at least 125 hr of data
to traverse a 500-mile computationa grid if dl of the hourly windspeed readings in the 120 hr
of datalie below 4 mph. Second, even if average windspeed in the 120-hr sequenceis as high
as 5 mph, a release composed of a blowdown puff and a lengthy (20 hr) tail will aso require
more than 120 hr of weather data to ensure transport of the tail across the entire 500-mile
computationa grid.

Findly, the CHEM_MACCS user can use boundary westher to ensure that al of the
aerosols in a plume segment are deposited on the ground before the segment completely
traverses the computationa grid. This is done ether by specifying boundary westher with a
very low windspeed (the very dow transport rate dlows dry deposition to completely deplete
the plume segment of aerosols) or by specifying a high rain rate (whereupon al aerosols are
removed by washout).

2.4 Risk-Dominant Plume

When variable wegather data are used to modd a multiple segment release, one of the
plume segments must be designated as the risk-dominant segment. The characteristics of the
categorization agorithm used to sort weather sequences will usualy suggest how the risk-
dominant segment should be chosen. For CHEM_MACCS, wegather sequences can be sorted
according to their potentid to cause early fatdities (eg., sorted for stable amospheric
conditions upon release and for rainfadl within 20 miles of the Ste), and the plume segment
expected to make the largest contribution to the induction of early fatalitiesis designated as the
risk-dominant segment. Once a risk-dominant segment has been designated, CHEM_MACCS
automaticaly causes the leading edge of that segment to be released a the start time (beginning
of the first hour) of each weether sequence used in the calculation. If the source term contains
plume segments released earlier than the designated risk-dominant segment (e.g., a leak that
precedes a large blowdown puff), then hourly data that precede the start hour of the selected
sequence are used to govern the transport of the earlier segments.

2.5 Initial Plume Dimensions

As discussed in Section 29, CHEM_MACCS modds plume disperson during
downwind transport using Gaussian plume models. Thus, the horizonta and vertica extent of
plume segments is expressed in terms of the horizontal (sy) and verticd (s, Standard
deviations of the norma concentration distributions that characterize a Gaussian plume. The
Gaussan equations implemented in CHEM_MACCS are derived assuming that turbulent
veodities are negligible compared with the mean windspeed.”® Accordingly, CHEM_MACCS
assumes that the initid length of plume segments is unaffected by diffuson during downwind
trangport (i.e, plume segment lengths are constant once release from containment is
completed). Thus, plume segment lengths, L (in meters), are given by:
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L = A(D tie V) (2.2

where
A Dt = therdeaseduration of the plume segment, and

ti = apart of the release duration during which the windspeed
wasv;."®

When release occurs under turbulent conditions, mixing of the plume in the wake of the
building from which the release occurs will determine the initid crosswind dimensions of the
plume. For the purpose of initidizing plume dimensons, CHEM_MACCS assumes the release
point to be a ground level and in the middle of the downwind face of the building. If plume
concentrations at the sides and roofline of the building from which the release occurs are
assumed to be 10 percent of plume centerline concentrations (building edges are 2.15 sigma
from the plume centerline), then initid values of the horizontal and vertica standard deviations
of the Gaussan plume are given by

s,(t=0) = W,/4.3
2.2)
Sz(t=0) = Hb/215

where W, and Hy, are the width and height of the building wake and are specified by the user.
2.6 Representative Weather Point

There is afundamenta problem in treating the long-duration rel eases (plume segments
with release times of many hours) that are dlowed in CHEM_MACCS. Since the segment's
characteristics must be uniform along its length, weather conditions a one point aong that
length must be used for dl points dong its length. If the weather conditions experienced by a
plume's leading edge are used to control plume transport (plume rise, downwind transport,
disperson, and deposition), transport processes are modeled as though al plume materids are
concentrated at the head of the plume.

For short plume segments (segments with short release times), this is a reasonable
gpproximation. However, for segments with release times of many hours, use of weather
experienced by some interior point aong the length of the segment would seem to be a better
representation of the average weether conditions along the entire length of the segment.

Accordingly, the CHEM_MACCS user must select a representative westher point for
each plume segment. Thisis afixed point aong the length of the plume (usualy the segment's
leading edge or midpoint). Once selected, the westher conditions experienced by that point are
applied to the entire length of the plume to caculate plume rise, transport, dispersion, and dry
deposition (wet depogition is calculated using the rain rates experienced hour by hour by each
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portion of the plume; see Appendix C.10). The representative wegther point is specified as a
fraction that can assume any vaue from zero to one, where vaues of 0.0, 0.5, and 1.0
correspond to selection of westher conditions experienced by the head, midpoint, and tail of
the segment.

2.7 Downwind Transport

After a plume segment is fully released, its length does not change during downwind
transport (except when a transition from westher sequence data to boundary wegther occurs).
The arriva time of any reference point dong the plume's length (e.g., head, midpoint, tail) at
any downwind grid point (e.g., near boundary, midpoint, or far boundary of some spatia
element) is determined by the following equations.

d = A ViD ti (23)
D td = A D ti
where
d = downwind (radid) distance of the grid point from the facility
(center of the polar coordinate computationa grid),

Dty = arriva time of the reference point at the distance d,

\ = windspeed during the time period Dt;, and

n = number of time periods.

The vaues of Dt through Dt,,; are dl equd to 1 hr and Dt; and Dt, may be parts of an hour.
All times are measured from the time of release of the plume segment's reference point. Thus,
the time of ariva of any pat of a plume ssgment a any downwind location is easly
cdculated. Findly, sncethearriva time of the head (1) and the tail (t;) of a plume segment at
any downwind location (e.g., grid eement midpoint) can be calculated, the time period (Dte)
that a person Situated at that location is exposed to the passing plumeis given by

Dte = t, - t, (2.4)
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2.8 Plume Rise

Plume segments that are hot (contain gppreciable sensble heat) and thus buoyant may
rise to heights much greater than their initid release height. In CHEM_MACCS, plumeriseis
caculated using equations recommended by Briggs**® Plume rise is inhibited whenever the
prevailing windspeed at the time of release exceeds a criticad windspeed (liftoff criterion).
Plumeriseisdso limited by the mixing height (height of any capping inversion layer).

2.8.1 Liftoff Criterion

When windspeeds are high, a buoyant plume segment released into a strong building
wake will be unable to escape from the wake. In CHEM_MACCS, escape of buoyant plume
segments from building wakes is governed by a liftoff criterion [Equation (2.5)] proposed by
Briggs and validated by experiments performed at the Warren Spring Laboratory in Gresat
Britain.**" The criterion states that plume rise occurs only when the windspeed upon release
of the segment is less than a critical windspeed (ug) caculated using the following formula,™

£ 9.09F 67°
U, = E F

25
AL, (2.5)
where L, isaplume scae length (m) (e.g., the height of the building) and F is the buoyancy flux
(m%s’) of the source (plume segment), which depends both on ambient atmospheric conditions
and on the sengble heat release rate (Q) of the plume segment (sensible heat content of the
segment divided by its release duration). When the ambient conditions used to calculate F
correspond to the International Civil Aviation Organization Standard Atmosphere®  F = 8.79
x 10°Q , whereQ is expressed in watts.

2.8.2 Plume Rise Equations

When atmospheric conditions are neutra or unstable (tability classes A-D), plumerise
is treated using the "two thirds" law for bent-over plumes of Briggs:™®

1 . 6 1/3 2/3
ph = =2 F X 2.6)
u

where

Dh = amount of plume rise (M),

F = 8.79 x 10°Q, the buoyancy flux (m*/s’) of the plume segment,
Q = rate of release of sengble heat (w),

X = downwind (radid) distance (m), and
u = mean windspeed (NVs).

Buoyant plumeriseisterminated when any of the following conditions occur:

1. when, asisrecommended by Briggs, Dh reaches 300 F/u®
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2. when H=L, where H is the height of the plume centerline and L is the
mixing height (height of the capping inverson layer)

3. when 1 hr has dlgpsed since release of the plume segment began.

When Equation (2.6) is used in CHEM_MACCS, the wegather conditions that
characterize the hour during which release of the segment begins are used to caculate the
entire rise of the segment even when the rise extends into the next hour (e.g., a buoyant plume
segment released at 1:30 p.m., which rises under unstable conditions for a full hour, would
have its entire rise calculated using 1:00 p.m. wesether).

When amospheric conditions are stable (tability classes E and F), plume rise is
calculated using the Briggs equation for thefinal rise (h) of abent-over buoyant plume:™®

£ F 0"
Dh = 2.6 A—— 27
Ay s, (2.7)
where
S = stability parameter (s%) defined by the following equation.™
g ETT,O
Sl S 2.8
T. 812 4 (2.8)
g = acceleration due to gravity (m/s),
Ta = ambient temperature (K),
1Tz = ambient temperature |gpse rate (K/m),
G = heat capacity of air (Jkg-K), and
gc, = dry adiabatic lapse rate (0.98 K/100 m).

Regulatory Guide 1.23 specifies ranges for temperature lapse rates (1T4/12) for the sx
amospheric stability classes A through F.?° The values of the stability parameter S used in
CHEM_MACCS were derived using midpoint vaues for these lapse rate ranges. The lapse
rate ranges specified for ability classes E and F are -0.5 K/100 m to 1.5 K/100m and 1.5
K/100 m to 4.0 K/100 m, respectively. Thus, class E has algpse rate midpoint of 0.5 K/100 m
and class F a midpoint of 2.75 K/100m. Subgtitution of these midpoint values and the
Internationa Civil Aviation Organization standard atmosphere vaue of 288.16 K (15°C) into
Equation (2.8) yidds vaues of 5.04 x 10* s% and 1.27 x 10° s for the stability parameter S for
stability classes E and F.?°

Because near-surface windspeeds increase with dtitude, Equations (2.6) and (2.7) both
overestimate plume rise if surface windspeeds are used to caculate Dh.  Since this could
produce a sgnificant underestimation of exposures, for purposes of caculating plume rise,
windspeeds aoft are estimated from surface windspeeds using the following equation:*
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e 2z 0°
U= U A 2.9)
é‘ Zog
where
Uo = surface windspeed (mV/s) at the reference height z, (usualy 10 m),
u = windspeed (nV/s) at the height z, and
p = parameter (dimensonless) that varies with stability class and surface

roughness as shownin Table 1.2
At present, the values of p for rura surfaces are hard-wired into CHEM_MACCS. The

maximum vaue of z in Equation (2.9) is 200 m.

Table1l Estimates of the exponent p in Equation (2.9) for six
gtability classes and two surface roughnesses

Stability Class A B C D E F
Urban surfaces 0.15 0.15 0.20 0.25 0.40 0.60
Rurd surfaces 0.07 0.07 0.10 0.15 0.35 0.55

In CHEM_MACCS an average vaue of u for use in Equations (2.6) or (2.7) is
caculated in three steps. First, the surface windspeed u, and either Equation (2.6) or Equation
(2.7) are used to make a first-order estimate of the find centerline height (2) of the plume
segment after plume rise has taken place (z = hy + Dh, where hy is the initid release height of
the plume segment). Then the windspeed u at the height z is caculated using Equation (2.9).
Findly, an average windspeed over this range is estimated by averaging u, the reference
windspeed, and u, the windspeed at the first-order estimate of the find height of the plume
centerline. This average vaue of u is then used in either Equations (2.6) or (2.7) to make a
second-order estimate of the amount of plume rise, Dh.

2.8.3 Mixing Height

A dgngle vdue for the mixing height (the top of the well-mixed surface layer of air,
frequently the location of the lowest-lying temperature inversion in the temperature structure of
the surface layer) is used in CHEM_MACCS to limit both buoyant plume rise and the vertica
disperson (see Section 2.9) of plume segments. Although the vaue is dlowed to vary season
by season, it does not vary with stability class and is held constant during each weether trid (it
does not change even if the wesather trid beginsin one season and ends in another).

Because the mixing height is used in CHEM_MACCS as an impenetrable cap,
normally afternoon mixing heights should be used in CHEM_MACCS cadculaions” If the
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concentrating effects of low-lying inversion layers (e.g., radiaion inversons) are examined, the
user should remember that CHEM_MACCS modds neither penetration of inversion layers by
buoyant plumes,”’ nor tempora variation in the height of the mixing layer (normally the depth
of the well-mixed layer increases from severa hundred meters at sunrise to severa thousand
meters by midafternoon™).

2.9 Dispersion

During downwind transport, atmospheric turbulence will cause plume segments to
expand in dl directions, with the rate of expanson increasing as atmospheric turbulence
increases. Verticd expanson of the plume isincreased by surface roughness and constrained by
the ground and by the temperature Structure of the atmosphere (location of inversion layers).
Crosswind spreading of the plume aong the y-direction is uncongrained. The effective
crosswind dimensions of a plume segment are increased by latera meander of the plume about
its centerline trgectory. Because turbulent velocities are dmost dways very smal compared
with the mean wind speed that transports the bulk plume, expansion in the along-wind direction
can be neglected.’®

2.9.1 Gaussian Plume Equations

Because they are ample and computationdly efficient, Gaussan plume modes have
often been used to modd atmospheric dispersion in risk assessments (see, for example, the
PRA Procedures Guide'). Gaussian plume models assume that the diffusion of gas molecules
and aerosol particles in a plume during its downwind transport can be modeled as a random
wak that generates a norma distribution for ar concentration in al directions. Because
windspeed and temperature vary significantly with height near the ground, vertical and
horizonta plume digtributions differ greetly. Because the dong-wind distribution does not
appear in the Gaussian plume equations implemented in CHEM_MACCS, only the vertical and
crosswind digtributions are actualy calculated.

The size of a Gaussan plume in the vertical and crosswind directions is indicated by the
gtandard deviations (sy and s;) of the norma distributions of materia concentrations in the
vertica and crosswind directions. When not constrained by the ground or by inverson layers,
the Gaussian plume equation has the following form:*®

?El’lgybzge ?Elfz—hﬁzge
c(x,y,z) = —=—exp E-L— CEexp CE'_’E e (210
2p us, s, %26\5”5%9 gE2@‘ S: g &

where

c(xy,2)= time-integrated air concentration (mg-/m°) at the downwind location

(xy.2),
Q = source strength (mg),
= mean windspeed (M/s),
Syands~= dandard deviations (m) of the norma crosswind and vertica
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concentration distributions of plume materids,
(0,0,h)= source location, and
h = initid release height (m).

Once a plume has expanded sufficiently in the vertica direction so that further vertica
expangion is congtrained by the ground and/or the capping inversion layer, Equation (2.10) can
no longer be used. To treat restricted growth in the vertica direction, the ground and the
inverson layer are treated as impenetrable, totdly reflecting boundaries. Mathematically,
reflection is accomplished by the addition of mirror image sources above the inverson layer
and below the plane of the ground. This produces the following equation, which is used in
CHEM_MACCS to cdculate both the plume centerline air concentration (x,y=0,z=H) and
ground-leve ar concentration under the plume centerline (x,y=0,z=0) from the time a plume
segment is released until the vertica distribution of the segment becomes uniform between the
ground and the capping inversion layer (becomes well mixed in the verticd direction):

g (z—H)zge CQE (z+H)2‘Zju
EXPE- ; et eXpE >
¢ 2s. @ ¢ 2s:

Q
BELREEERR3080R08882888888 ... RIS

g k-(z-H-2nL)*0
€ e g
c(x,y=0,z) = ——— E e Sz o
2pusys, E
E E-(z+H-2nL)*0
+ expRr————
& p@\ 2s;
5 E
+ A%
n=1 ~ .
£ E-(z-H+2nL)°
E+ expr— 5
& e 2s; 2
% (2.112)
E - 26
E E-(z+ H+2nL)
. E+ exp 5
k % A 2s; o
where
c(x,0,2= time-integrated air concentration (mg-'m°) at the downwind

location (x,y=0,z), dong the plume centerline (note that z=0
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and z = H correspond to ground level and plume centerline air
concentrations, respectively)
h+Dh, the height of the plume centerline (m),

H
L height (m) of the capping inverson layer (mixing height).

In CHEM_MACCS, only five terms of the summation in Equation (2.11) are consdered since
subsequent terms are expected to be small.™®

In the ATMOS module of CHEM_MACCS, off-centerline concentrations are not
cdculated. Thisis done in the EARLY module of CHEM_MACCS (see Sections 3.1.1 and
3.2.1). The off-centerline concentrations required for dose caculations are caculated using the
plume centerline air concentration or the ground-level ar concentration under the plume
centerline and the gppropriate off-centerline correction factors.

At each spatia interva adong the plume's trgectory, CHEM_MACCS tedts for the
occurrence of a uniform distribution in the vertica direction (a well-mixed plume between the
ground and the capping inverson layer). Once a uniform vertica digtribution is attained, the
following smple Gaussian equation is used to calculate centerline air concentrations:™

Q
oy =0.2) = P

where X, y, z, Qu , and s, have definitions unchanged from those given for Equation (2.11)
and L isthe mixing height (m).

(2.12)

A heuridtic test is used to determine when the plume becomes well mixed between the
ground and the inverson lid. Two conditions must be met to pass the test: (1) s, must be
larger than H, the height of the plume centerline, and (2) the ground-level centerline ar
concentration calculated using the uniform mixing Equation (2.12) must exceed the ground-
level centerline air concentration caculated using the multiple reflection equation, Equation
(211). Once uniform mixing in the vertica direction is attained, the multiple reflection
equation isno longer used. Theresfter, thereis no need to caculate s,.

2.9.2 Dispersion Parameters

The rate a which maerids disperse in the amosphere depends strongly on
atmospheric turbulence, which varies greetly with stability class. Therefore, the rate of
expansion of a plume during downwind transport will so vary with stability class.

The growth of plume dimensions during downwind transport over short distances
(1 km) has been experimentaly determined over flat terrain covered by prairie grass (surface
roughness height z, =3 cm) for short plumes (10-min release times) released during stable,
neutral, and unstable atmospheric conditions® Pasquill used these data to develop curves that
depict the increase of plume dimensions (s, and s, values) with downwind distance for each of
the six Pasquill-Gifford (P-G) stability classes A through F.*°  Although measurements were
only made to 1 km, Pasquill extrapolated the curves to 100 km. These curves, as later
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modified by Gifford,** are presented in Figure 2.
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Figure 2 Dependence of sy and s, on distance for the six Pasquill-Gifford
gtability classes A through F (solid lines depict the range of the
experimenta data

Tadmor and Gur have congructed andytical fits to the Pasquill-Gifford curves
depicted in Figure 2. Thefits have the following functiona form:

sy = ax” and s; = ¢;x" (2.13)
where i denotes the prevailing stability class (Pasquill-Gifford classes A through F correspond
to i vaues 1 through 6) and the valuesin Table 2 for the constants g through d; are supplied on
the sample ATMOS input file. The values of the congants in the table correct the
typographica errors identified by Dobbins.®

Table2 Vduesof Congtantsfor s, and s, Equations

Stability Class Constant

P-G [ a b G d
A 1 0.3658 0.9031 0.00025 2.125
B 2 0.2751 0.9031 0.0019 1.6021
C 3 0.2089 0.9031 0.2 0.8543
D 4 0.1474 0.9031 0.3 0.6532
E 5 0.1046 0.9031 0.4 0.6021
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F 6 0.0722 0.9031 0.2 0.6020

As used in CHEM_MACCS, the values of the disperson parameters, sy and s; in
Equations (2.10), (2.11), and (2.12) must change continuoudy dthough not necessarily
smoothly. Since stability class changes discretely, whenever stability class changes, the source
distance x in the dispersion parameter equation [Equation (2.13)] must be changed to some
new vaue that causes disperson parameter growth to be continuous. The new vaue of the
source distance is called the "virtual source” distance. It has a different vaue for sy and for s..

It is caculated as follows. Let i be the dability class before the change in aimospheric
conditions, j the stability class after the change, x,i and X,, the source distances under the old
conditions (downwind distances of the plume when the stability class changes; if thisisthe first
change in stability class, then X, =), and x; and x; the source distances under the new
conditions (i.e., the virtua source distances).

To ensure continuity, Syi must equal s, and s; must equa s,. Thus,

ai(xvi)bl a, (Xvi)bl

= Sy T Sy =
(219
d; d;
Ci(Xzi) = Sz = Sy = Cj(ij)
which after solving for the new "virtua source" distances gives
@ Ub; @Ub;
_ QCE]. bige _ QCESyim
Xyi = (E a.(Xyi)oe - E
6E2 e iR
(2.15)
@Yd @4
_ Cgé (e R QCESzi(E
ij - E Ci(xzi e - E (0 5]
6EC] e ECIF

Figure 3 illustrates the growth of s, over three time periods characterized by stability classesi,
J, and Kk, during which s, first grows at a moderate rate, then dowly, and findly rapidly.

Finaly, athough new "virtual source" distances for s, and s, are calculated every time
Sability class changes, these distances are used only to calculate growth of s, and s,. Plume
locations are dways expressed relative to the release point that is the center point of the polar
coordinate computationa grid.

For a given spatid eement, the average values of s, and s, are used in caculating air
and ground concentrations for the entire spatial element. The average values of s, and s, are
the arithmetic means of the initial and final vaues of these two parameters as a plume segment
traversesthe spatia €lement.
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Figure 3 Growth of s, during three time periods characterized by
different atmospheric gabilitiesi, j, and k.

2.9.3 Surface Roughness
The Pasquill-Gifford curves depicted in Figure 2 are appropriate for transport over flat
terrain covered by prarie grass (surface roughness height zo=3cm). However, plume

transport will usually be over areas characterized by surface roughness heights grester than
3 cm. Table 3 presents some approximate heights for different surfaces®***

Table 3 Approximate Roughness Heights (zo) for Different Surfaces

Type of Surface Z, (cm)
Lawns 1
Tdl grass, crops 10-15
Countryside 30
Suburbs 100
Forests 20-200
Cities 100-300

Surface roughness principaly affects vertica disperson and thus s, vaues. The
following formula can be used to correct Pasquill-Gifford vadues of s,pg, which are
appropriate for z, = 3 cm, for the effects of rougher surfaces®
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i newO
Sz,new = SZ,P-GEZO’ (216)

Table 3 suggests that a roughness length greater than 3cm, at leest 10cm and possbly
100 cm, is more likely typicd of populated areas. If Zpney =10 cm and zyp.c = 3 cm, then
Sznew = 1.27 S;pc. Since in CHEM_MACCS both sy and s, can be scaled by changing the
vaue of an input scale factor, surface roughness effects on s, can be corrected by changing the
vaue of the s, scde factor. In fact, in the sample ATMOS input file, the value of the s, scde
factor is set to 1.27 to scae Pasquill-Gifford values of s, up to values appropriate for surfaces
characterized by 10-cm roughness lengths.

2.9.4 Plume Meander

Both theoreticd and experimental studies indicate that as sampling (measurement)
times (t) increase, maximum vaues of plume concentrations (Cma) for continuous (stack)
plumes measured at some fixed downwind location decrease,**** because meander in the
horizonta and vertical directions increases the effective laterd and vertica dimensions of the
plume. Specificaly, cne is proportiona to t ® where p = 0.5 for sampling times greater than 1
hr. Since Cne is proportiona to (s,s,)™, if s, and s, are of Smilar magnitude, then s, » s,
t™ where m = 0.25, which has been confirmed experimentaly for sy.37 Now, since for puff
releases, release duration may be equated to sampling time, the increase in effective plume
dimengons (values of sy and s ) with release time (effects of plume meander) can be calculated
using the following equation,

EDtbm

A—— 2.17
éDtrefﬂ ( )

Sy = Sref

where s,¢ and t« are the sgma vaue and release duration (10 min for the experiments that
support the Pasquill-Gifford curves) of the reference plume, t is the release time of the long
duration release, and as recommended by Gifford, m equals 0.2 for release durations less than 1
hr and 0.25 for release durations greater than 1 hr.*

In CHEM_MACCS, Equation (2.17) is used to modd the increase in s, caused by
lateral meandering of the plume, which increases with increasing release duration. Vertica
meander is neglected since it is expected to become unimportant shortly after release is
completed (within 30 min).¥  As implemented in CHEM_MACCS, the user must specify
vaues of m for short and long releases and the release durations to which they apply. The
vaues recommended by Gifford are specified in the sample input file for ATMOS provided
with CHEM_MACCS.

2.10 Plume Depletion

Deposition onto the ground is caused by washout and by gravitationa settling onto,
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impaction on, and diffusion to surfaces. The deposition caused by rain is caled wet deposition.
Deposition not caused by rain is cdled dry depostion. In CHEM_MACCS, dl of these
processes are modeled asfirst-order rate processes.

2.10.1 Dry Deposition

Dry deposition is modded usng Chamberlain's source depletion method modified to
alow treatment of a particle Sze digtribution and capping of vertica expansion by an inverson
lid.“*** The source depletion method calculates the rate at which materias are deposited
onto the ground (the deposition flux) as the product of the ground-level air concentration of
the materials and the dry deposition velocity of those materids® The method neglects the
effects of depogtion on the vertical distribution of the plume. Thus, dry deposition does not
perturb the normd digtribution of plume materids in the vertical direction. Thisis areasonable
assumption when verticd mixing is efficient (i.e, when neutra or unstable atmospheric
conditions prevail). When stable conditions occur, the assumption introduces an atificia flux
of materia from upper regions of the plume to regions near the ground.

The ground-level air concentration at a location (x,y,z=0) of a plume capped by an
inverson lid a height L is obtained from Equation (2.11) by multiplying it by the norma
distribution function along the y-axis, exp (-y/2s,?), and setting z = 0, which yields

T CQE (H)Z‘Z’U
: XPE, G
i (B =By
I |
I |
i |
- I
Q £y o [
c(x,y,0) = — exp- [
(x.y.0) pusys, pé 2s; : & E -(H+2nL)’ Ogy
| E SPLT o2 o
I+ AGE %
| 'ﬁ‘l&E
I E E (H-2nL)*%cd
I E+ eXp'—z |
E & e 2s ﬂ%p
= E F
ps,s,U é 235‘Zj [F]

where F isthe sum of dl of the exponentid terms that contain s, (the terms in the larger set of
brackets).

Theflux of plume materid to the ground, w(X,y), isgiven by

W(X,y) = Va C(X,y,0) (2.19)
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where vy, the dry-deposition velocity, embodies the combined effects of gravitationa settling of
materials onto, impaction on, and diffusion to the ground.”

The rate of loss of plume materials (dQ/dx) by dry deposition to the ground into a
differential length dx located at the downwind distance x is given by:*

dQ infinity
— = - P w(x,y)dy (2.20)

dx - infinity

Substitution of Equations (2.18) and (2.19) into Equation (2.20) now gives

o 59 ~ 5 RY2
d 2 infinity 1 Q = 2 Om 3 20
aQ FL= VeQ b — &EexIOE' yz cedy = A2 V"(3(2-21)
P S;U infinity /2P Sy (E ) Zsyg? épﬂ SzU

gnce the vaue of the integrd is one. During any single hour of westher data, the mean
windspeed,u , isconstant. Thusdx = u dt, and using thisinto Equation (2.21) gives

,: 6]12
99 _ k2% vQ (2.22)
dt Apg s
Rearranging and integrating gives
Q E Vth6
R f, = exphA- (2.23)
Qo i A %y,

where

and fq 1ISthe fraction of materia in the plume at the beginning of the time period (D) that 1S not
removed by dry deposition during the gme 'Eo@f”Sim:e dQ/dt = -vy(A/V)Q, where A is the:
deposition surface area (area onto WhicT dg/gdgpo%qfon is occurring) and V is the plume:
volume (volume from which deposition is occurring), A/V = 1/z wherez = F  is the height of
the column from which deposition is occurring, here an effective plume height. Asnoted inthe
Resctor Safety Study,

Hnaly, once the piume has become weli mixed below the inverson iid, V = AL, so dQ/dt =
Vo(AJAL)Q = -v4QIL, art %ﬂsé(i &2ydz

In CHEM? MACCS, g @fogt of partice S8 05/ YbSS o Veoaity is treied Yy
dividing the particle sze range of the materids subject to dry depostion into i sections,
gpecifying the fraction (f;) of dl aerosol materids in each section, assigning a dry deposition
velocity (vq) to each size section, and applying Equation (2.23) separately to each section.
Thus,
where Qi IS the amount of aerosol in section | transported into the spatia element, Q Is the:
amount transported out of the glementQfs < Q/Qy/Fs téftaction remaining after theue@é?e
segment traverses the spatia elefent, [ js the i rg@requirecbfor the segment to traverse the
spatia eement, andz is the effective height of the segment.
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Fndly, snce Q=SQ, Q =Qufs, and Qs = Q.fi, the fraction (fy) of al aerosol
materidsin al of the Sze sections i that remains after dry deposition has occurred from each
section onto the entire spatid interval is given by

(= 2ot AQ = 1AQ-f = L AQutf, = Aff (2.26)
d QO QOAiI QO i oi I di QOAi OIdI_AiIdI .

When dry depostion is caculated in CHEM_MACCS, Dt in Equation (2.25) is taken
to be the time required for the representative weather point of the plume segment to cross the
goatial dement. Thus, Dt equdls the time of arrival of the segment's representative westher
point a the far Sde of the spatid eement minus the time of its arriva at the near sde of the
element. See Section 2.11 for the trestment of dry deposition (Equation 2.26) in calculating
the ar and ground concentrations.

Because CHEM_MACCS dlows plume segments to have release durations as long as
10 hr, lengthy plume segments, which during transport lie over more than one spatial element,
are common. Of course, when exiting a spatial eement, even a short plume segment will lie
over a least two spatia elements. Even when a plume segment lies above more than one
gpatid dement, dry deposition from the segment is assumed to occur entirely onto the spatia
element that the segment's representative weather point is above. Thus, dry deposition aways
occurs only onto the element that the representative weeather point of the segment is traversing,
no matter how many eements lie under the entire length of the segment.

After a segment has traversed a spatia eement, the amounts of materia in each sze
section are decreased by the amounts removed from the section by dry deposition during
transport across the spatiad eement.  Then, the fractions that specify the amounts of aerosol
materids in the sections of the aerosol size didtribution are recaculated and, as a consstency
check, their sum is renormalized to one.
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2.10.2 Wet Deposition

Wet deposition, that is, washout, is calculated using the model of Brenk and Vogt:*®

d
99 _ g = -arg (2.27)
dt
where
L = the washout coefficient (s%),
I = precipitation intensity (mmvhr), and
ab = dimensonless congtants (in the ATMOS sample input file

a=95x10° and b=0.8).®

Rearrangement and integration of Equation (2.27) gives

Q. f, = exp(-al’Dt) (2.28)
Qo
where
Qo = amount of chemica species (mg) transported into the spatia
element,
Q = amount of chemica species (mg) transported out of the
element,
= time(s) that the plume segment takes to cross the spatia
element, and
fw = Q/Qy, the fraction of aerosol materia in the segment at the
beginning of the time period Dt that is not removed by wet
deposition during the time period.

Unlike dry depostion, which is a continuous and relatively dow process, wet
deposition is not continuous and often is quite rapid, at least compared with dry deposition.
Therefore, washout of dl of the materids in a plume segment onto the spatial dement that lies
under the segment's representative weather point is not acceptable. Instead, washout should be
gpportioned over dl of the spatial eements that lie under the segment.

For example, consder the release of a plume segment during a 10-hr period during

which the average windspeed is5 m/s. At the end of the release, the plume segment will have a
length of 180 km and during the early stages of a CHEM_MACCS cdculation will extend over
many spatid intervas. Suppose the windspeed now drops to 1 m/s and that a 1-hr-long
ranstorm begins just as the segment's representative weather point enters a 3.6-km-long spatia
element. The storm will end just as the representative weather point leaves the spatia e ement.
If wet deposition occurs only onto the spatial element under the representative weather point,
al materids washed out from the segment will be deposited onto only one spatid eement
even though the segment most likely covers severd spatid eements on the standard
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CHEM_MACCS computationd grid. Thiswould produce very high ground concentrationsin
the sngle spatid element onto which deposition would occur, concentrations possibly
appropriate for areas lying under rain cells, but most likely not representative of the average
ground concentrations over al areas (patia eements) beneath the segment during the storm.

To apportion wet deposition over dl of the spatial eements traversed wholly or partly
by a plume segment during arainstorm, on an hourly basis, the average vaue of the fraction of
the segment's length that lies over each eement that the segment traverses during the course of
the storm (fa) must be caculated. Let Lg be the length of the portion of the plume segment
that lies over one of the gpatial intervas beneath the plume at timet. Figure 4 isaplot of Lg
versus t for a segment of total length Ls and an interva of radid length L, (length in the
downwind direction), where Ls* L,. Because Ls?! L, the plot has a trapezoida shape with
height L = min (Ls,L)). Note that when Ls=L,, the trgpezoid is reduced to atriangle.

= i 1
5 | |
3 | *
= i {
£ i !
£ . i l
é ax l. I
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™ { 1
- &
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£ | |
& b t oY i t
Tirme {1

Figure 4 Temporal dependance of the portion of a plume's length
that isover aspatia €lement.

In Figure 4, t; is the time when the head of the plume segment enters the spatiad
element; t5 is the time when the tail of the segment leaves the dement. If Ls<L,, t; isthe time
when the tall of the segment enters the element and t, the time when the head leaves the
eement; if Ls> L, t, is the time when the head of the segment leaves the dlement and t, is the
time when the tail enters the dement. The time points t; and ts indicated by vertical dashed
lines denote the beginning and end of a 1-hr time period (15 - t; = 1 hr) during which wesather
data are constant.

Since windspeed has only one vaue during any hour of weather data, the geometric shape
bounded by the dashed lines will dways be regular, no matter where the hourly time points fall.
Let the area of thisregular shapebe A. Then, sinceLs and L, and thus L are known, and al
of the time points on the figure (points t; through ts) are known or are caculated by
CHEM_MACCS, A can be cdculated. Thus, for any 1-hr time period, L, the average vaue



of Lg during that time period isgiven by L, = A/(ts - t3) = A, Sincets - t; = 1 hr; and the hourly
average vaue of the fraction of the segment's length that lies over each eement that the
segment traverses during the course of the rainstorm (fa) isgivenby fa = Lals Sofa can be
caculated hour by hour for each plume segment and every spatial element.

The quantity f, now must be introduced into Equation (2.28). To see how this is
done, let Dt be the time required to transport a plume segment across a given spatia eement k.
If thet time is severd hourslong, then

Dt = ADt
i

where the first and last vaues of Dt; can be fractiona hours. Let {f.;} be the set of hourly
values of fy,; that cover the time period Dt during which the plume segment is transported
across the spatial dement; let Q; and Q.+, be the amounts of aerosol materia in the entire plume
(not just the portion over the spatia element) at the beginning and the end of time step j; and let
l; be the rain intensity during time step j. Because weather data are constant during any hour, |
issingle valued during any time step j. But during time step j, the rate of wet deposition from
the entire plume is given by L; = &(l;)°. Therefore, the rate of wet deposition onto the spatial
dementisgiven by Lf, . Thusf,;, the fraction of aerosol materia remaining in the plume after
depogition during atime step, is given by

fu = exp(-L;fu,Dt) = exp(-a(l) fu,Dt) (2.29)

fw, the fraction of aerosol remaining in the plume after deposition only onto the spatia
element during all of the time stepsj required to transport the plume segment across the spatial
element, isgiven by

fu = O fu (2.30)
i

2.11 Centerline Air and Ground Concentrations

As modeled in CHEM_MACCS, dry and wet deposition are independent processes.

For example, assume that during transport across a spatia element dry deposition adone would
deplete a plume segment of one-tenth of the material in the segment, and wet deposition aone
would remove one-hdf of the materid in the segment. Then, if the two processes are
independent and occur Smultaneoudy, the fraction of the materid in the segment upon entry
into the element, which remains when the segment leaves the eement, is 0.45 = (1.0 - 0.1)(1.0
- 0.5). Thus, the total amount of materia (DQx) deposited onto the ground during transport of
a plume segment across a spatial eement k isgiven by
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DQ« = Qu(1- fqfu) (2.31)

where Qy is the amount of airborne aerosol material that is transported into interval k by the
plume segment, f4 and f,, are the fractions of materia that would remain in the plume after
transport across the spatid element if only dry deposition or only wet deposition occurred, and
fy and f,, are calculated using Equations (2.26) and (2.30). Now let GC(y=0) be the average
ground concentration under the plume centerline dong the length (Ly) of spatia interval k.
Then

DQk infinity ’: y2 (0]
= L GC(y=0) P epr > dy
-infinity ZSyg
Infinity E " (232)
= *\l2p Sy Ly GCk(y=0) ‘D r dy
-infinity e yg

= 1/2p SyLkGCk(y = 0)

snce the vaue of the second integral isone. Accordingly,

D Q.
GCy(y=0) = \/Z_p—(zl_ (2.33)

Average valuesfor sy, s,, plume height H, and average windspeedu for transport of a
plume segment across spatid interva k are given by

Syav = 0.5(sy,k + sy,m)

0-5(Sz,k + Sz,k+1)

Sz,av

" (2.34)

— Ly

Uay —

tk+1 - tk

where the subscripts k and k+1 signify that the vaue of the parameter pertains respectively to
the near and far Sdes of the spatid interva (the values when the segment enters and leaves the
element), and L is the length of the lement. Accordingly, the average plume centerline air
concentration, AC,(y=0,z=H), of the plume segment during trangport across spatial element k
is

c %]

5% [Qi-0.5D Q] (2.35)

Vv

ACy(y=0,z=H) =

AN
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Here [c/Q]., is cdculaed a the plume centerline using average vaues for sy, s,, andu is
defined by Equation (2.34) substituted into either the multiple reflection Equation (2.11) or
verticaly well-mixed Equation (2.12) Gaussian plume equations defined previoudy. Findly,
the amount of materia ill airborne in the plume segment after transport across the spatia
eement is Qi = Qk - DQx.

2.12 Results Calculated by ATMOS

Consgder aCHEM_MACCS caculation that examines a release composed of only one
plume segment. For each weether trid examined during the caculation, ATMOS calculates
vaues a the midpoint of each spatid eement traversed by the segment for the following
quantities: the arriva time of the leading edge (head) of the segment; the duration overhead of
the segment (the arriva time at the spatiad e ement's midpoint of the segment's tail minusthat of
the segment's head); average vaues of s, s, H, andu calculated using Equation (2.34); the
ratio of the air concentration at ground level under the centerline to the centerline ar
concentration calculated using the average values of sy, s, H, andu ; and the angular width of
the segment.  In addition, for each chemicad gspecified for the cdculation, ATMOS uses
Equations (2.35) and (2.33) to caculate for each spatid eement the average plume centerline
air concentration and the average ground concentration under the centerline. If the release
used in the calculation is composed of severd plume segments, then dl of these quantities are
calculated for each segment of the release.
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3. Exposure Pathways
3.1 Off-Centerline Correction Factors

The ATMOS module calculates the air concentration at the plume centerline, the
ground concentration under the plume centerline, and the ratio of ground-level air
concentration under the plume centerline to the air concentration at the plume centerline. This
ratio is multiplied by the plume centerline air concentration to obtain the ground-level ar
concentration under the plume centerline. These three concentrations, namely, the plume
centerline air concentration, the ground-level air concentration under the plume centerline, and
the ground concentration under the plume centerline, are used in the dose equations discussed
inthis chapter.

To caculate the chemica doses a the off-centerline region of various spatid eements,
these centerline concentrations are modified by the appropriate off-centerline correction factors
depending on where the spatid elements are located. A spatid element is specified by itsradid
interval number and its compass direction sector number. The spatial element is also caled the
coarse Satia element.

For people in the process of evacuation, the "top-hat" function shown in Figure5 is
used to approximate the Gaussian crosswind distribution.”  The amplitude of the top hat is
0.836 of the Gaussian pesk and the crosswind width of the top hat is 3sy, where s, is the
standard deviation (m) of the Gaussian crosswind distribution.

To obtain afiner resolution in the dose calculations of the emergency phase, each one
of the 16 compass sectors is further subdivided into a number of fine grid divisions specified by
theuser (my =3, 5, or 7). For agiven spatia dement, let r be itsradid interva number and m
be the fine grid divison number from the plume centerline. Then afine spatial eement may be
specified using the two parameters (r,m).

For the inhdation and skin exposure pathways of the emergency phase, a multistep
histogram approximation of the Gaussian crosswind distribution is used for caculating the
off-centerline correction factor. The boundaries of the multistep histogram are specified by the
fine divisons. The outermost histogram step includes the point where the height of the
Gaussan crosswind distribution fals to one-tenth of the Gaussian pegk, i.e., the outermost step
contains the point at which the crosswind distance is 2.15s,, from the plume centerline. Figure
6 shows an example of a histogram gpproximation to the Gaussian crosswind digtribution. In
this figure, the number of fine grid divisons, my, is 3, the angle of each fine divison is
Dg = 2p/(16* 3), the outermost histogram step is 4, and the total number of histogram stepsis
7. Let the outermost histogram step be M, which is derived later in this section.

The off-centerline correction factor, Jn,, of afine spatid eement (r,m) is caculated as
the ratio of the height of the crosswind histogram at (r,m) to the height of the Gaussian peak.
This correction factor J, is used later in the dose equations in Sections 3.2 and 3.3. The
method of deriving Jn, is discussed in the following paragraphs.
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Figure 5 Top-hat approximation of the Gaussian crosswind distribution

Let s, be the standard deviation (meters) of the Gaussian crosswind distribution of a
plume segment at aspatiad eement which hasradiad interval number r. Let Dg bethe angle of a
fine spatid eement, then Dg = 2p/16m,. Let g be the angle between the plume centerline and
the outer edge of the mth steps of the crosswind hisogram, then g, = (m - 1/2)Dq.
Furthermore, let R, be the radiad distance (meters) from the midpoint of the spatid dement
having aradid interva number r to the release point. The perpendicular distance (meters) from
the plume centerline to the outer edge of the m'th step of the crosswind histogram at the
midpoint of afine spatial eement (r,m) isR, tan g Dividing this perpendicular distance by s,
gives the number of crosswind standard deviations. J., may then be caculated usng the
following equation:

= 24
= X
DR tanass,” expg- dx
= 2 (3.1)
R.(tanq,,., - tanq,)/sy

rm

To conveniently solve Equation (3.1), the following integrd is solved numericaly in
steps of 0.01 from ds = 0.01 to ds = 3 and the results are stored in a look-up table, which is
then used to perform the integration in Equation (3.1) by linear interpolation.
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Figure 6 Approximation of a Gaussian distribution by a seven-step histogram
(the number of fine grid divisions, my = 3)

A = DB§ exp (-x°/2)dx (3.2

The outermost histogram step, M, for the above off-centerline correction factor
equation is determined as follows. Let qu be the angle between the outer edge of M'th
histogram step and the plume centerline. Since the M'th histogram step is the outermost step
and contains the point at which the crosswind distance is 2.15s,, from the plume centerline,
tan gu 3 2.15s,,/R,, where sy, and R, have been previoudy defined. Then M is the integer
portion of the following quantity: (qu/Dqg + 1.5).

To smplify the subscript notation, the fine spatid eement subscripts r and m are not
used in the dose equations of early exposure pathways discussed in the following sections.

Therefore, the off-centerline correction factor of a fine spatiad dement is denoted by J instead
()f \1'm.
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3.2 Acute Exposure Pathways and Doses

In versons of MACCS devoted to the andysis of radiologica releases, doses to
various organs are calculated by summing the contributions associated with local air and
ground concentrations of tracked radionuclides. All such doses are cdculated in Severts, the
standard internationa unit for radiologica dose equivalent. Thetota doseto a particular organ
in MACCSisthe sum of the dosesto that organ by various pathways.

The chemicd doses cdculated in CHEM_MACCS are associated with the specific
hedth effects being andyzed. Doses associated with five different pathways are discussed in
this section. The reationships between chemicad doses and hedth effects are discussed in
Chapter 5.

It should be emphasized that the doses cdculated in CHEM_MACCS ae those
associated with the EARLY (7-day) time frame. Doses associated with the intermediate and
long-term time regimes are not modeled in CHEM_MACCS. In fact, the CHRONC module
of MACCSisnot included in CHEM_MACCS.

3.2.1 Plume Vapor Inhalation (PVIN) Pathway

Doses used to estimate the number of acute hedth effects arisng from inhdation of
toxic vapors depend on the integrated air concentrations. In CHEM_MACCS, when
inhalation of vapor from a plume segment passing overhead contributes to the j'th acute dose,
this contribution is caculated as

55 EACt | 10° mg BR o 0"  TE 53
Dieviv A O ATO kg BRacy g 60 s/min 3

Listed dphabeticdly, the termsin this equation are:

ACy = time-integrated ground-level air concentration of chemica speciesi
under the plume centerline (kg-'m?),

BR = breathing rate (m?/s),

BRacu = reference bresthing rate for acute effects (2.66E-04 m°/s),

Dipvin = dose due to inhdation of vapor speciesi directly from the passing
plume (mg-min/m®),

D50; = the dose of the i'th chemica species that would produce the j'th
hedlth effect in haf of the exposed population,

D50 = the dose of the reference chemica species that would produce the
j'th hedlth effect in haf of the exposed population,

J = off-centerline correction factor of the fine gpatid dement
(dimendonless),

n = a user-specified power (dimensionless) to which the effective ar

concentration is raised for the purpose of calculating the dose,
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PRin = protection (dose reduction) factor for vapor inhaation

(dimendonless),

TE = the exposure time of an individud in the fine spatid dement (s),
and

TO = the time spent by the plume segment in passing over the fine spatid
element (9).

Resuspended vapors, that is, vapors that become airborne as aresult of the evaporation
or mechanica resuspension of chemicals deposited on the ground during plume passage, dso
contribute to doses arisng from vapor inhalation. The tota dose D;yy due to inhalation of
vapor species is the sum of the plume vapor inhaation dose D;pyin and the resuspended vapor
inhalation dose D; rvin, Which is discussed in Section 3.2.4.

Note that for releases of mixtures of toxic chemicas, a sngle effective dose D; is
caculated by CHEM_MACCS for a user-specified reference species.  The method for
weighting the contributions of individua chemical speciesin order to obtain a sngle equivaent
dose of the reference speciesisindicated in Equation (3.3) and further discussed in Chapter 5.

3.2.2 Plume Vapor Skin (PVSK) Pathway

Doses used to estimate the number of acute hedth effects arisng from contact with
toxic vapors are aso derived from loca air concentrations, ACT;/TO, measured in milligrams
of vapor per cubic meter. In CHEM_MACCS, the dose arisng from skin contact with vapor
speciesin a plume segment passing overhead is caculated using the equation:

D_ EACt | 10° mg o 0" TE s
JPVSK A I] é\ TO kg VSKg 60 S/min ( . )
where
Dipvsx = dose due to skin contact with vapor speciesi in the plume segment
passing overhead (mg-min/m®),
PR« = protection (dose reduction) factor for vapor skin exposure
(dimensionless).

Note that the vapor-skin dose equation is very smilar to the vapor-inhaation dose equation,
however, in the vapor-skin dose equation, the breathing rate correction factor does not appear
and the protection factor for skinisused in lieu of that for inhaation.

3.2.3 Liquid-Skin (LSK) Pathway

The chemica mass deposited on the skin (mg/person) is used as a measure of dosein
edimating the risk of certain acute hedth effects. Such doses arise primarily from the

39



deposition of liquid chemica droplets from the plume directly onto the skin. Condensation of
plume vapor onto the skin aso contributes to the liquid-skin dose when the user specifies a
positive skin-deposition velocity for the vapor form of a chemical. In CHEM_MACCS, the
dose arising from deposition of chemica species onto the skin from a plume segment passing
overhead is calculated using the equation:

. 50 = ACH; 10° 1.8 m? 0" E
Diisk = A D — 50 RACH J SDV, mo m sk —(3.5)
i D ATO kg person g 60 s/min
where
Djisx = dose due to skin depogtion of chemica species i from a plume
segment passing overhead, (mg/person),
PR« = protection (dose reduction) factor for liquid skin contact
(dimendonless),
DV, = skin deposition velocity for i'th chemica species (M/s).

3.2.4 Resuspended Vapor Inhalation (RVIN) Pathway

In CHEM_MACCS, chemica species deposited on the ground during plume passage
may later become resuspended in the atmosphere. Resupension may result from evaporation
or mechanica mechanisms. Both deposited liquids and vapors may be resuspended. The dose
asociated with inhadation of resuspended vapors of chemical species is caculated from the
equation

50, k 10° mg BR o" dt
Dirvw = DPAD——AGC, J Rw(t PF 36
IRVIN A D50;4 kg (1 BRacu VINQ, 60 s/min( )

Because the resuspension wesathering function Rw(t) is taken to be an exponentialy decreasing
function, Rw(t) = RC e'*, the preceding equation reducesto

o - ap B0k . ,10°mg o BR 6" g g a7
T S kg BRacu g Nik60s/min *
where
Dijrvin = dose due to inhdation of resuspended vapors of species i
(mg-minvm®),
lg = resuspension weathering decay constant (s*),
PRin = protection (dose reduction) factor for vapor inhaation
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(dimendonless),

RC = resuspension weathering coefficient (m™),

t = time from plume departure to the entrance of the individud into the
spatid dement (s), and

to = time from plume departure to the departure of the individua from

the spatial element (9).
3.2.5 Resuspended Vapor Skin (RVSK) Pathway

The vapor-skin dose due to the resugpension of chemica species initialy deposited on
the ground during plume passage is directly analogous to the resuspended vapor inhalation
dose discussed in the preceding section.  For the vapor-skin pathway, however, the breathing
rate correction factor does not apply, and the protection factor for skin rather than inhaation is

applied:

50. ': 106 6”1 -Njlkty _ 4 -Njlketz
Dijrvsk = AiD—J EGCi J m9 RC PFysk ° c . (3.9)
D50; & kg g N k 60 s/min
where
Dirvsx = dose due to skin contact with resuspended vapors of chemical
speciesi (mg-min/m®),
GG = ground concentration of chemicad species i under the plume
centerline & the time that plume leaves the fine spatia dement (kg-s/m?),
PR« = protection factor for skin exposure (dimensionless).

3.3 Cancer-Related Doses

The doses associated with the plume inhaation and resuspended inhdation pathways in
CHEM_MACCS ae expressed as continuous dally doses, which are used for computing
incremental cancer risks associated with the early (7-day) exposure period. Continuous daily
doses are obtained by dividing the inhded chemica massin milligrams by a representative body
mass (70 kg) and a representative lifetime (70 years). The units of continuous daily dose are
milligrams per kilogram-day.

3.3.1 Continuous Daily Dose for Plume Inhalation Pathway

The continuous daily dose associated with the plume inhaation pathway is calculated in

8

= . 0, E
DPCDD = EAQ ACt, — BR J PF\/|NUVCDD (39)
Ao "% 1o

CHEM_MACCS by the equation
where
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Decop = effective continuous daily dose of reference species by the plume
vapor inhdation pathway (mg/kg-day),

Qi = the potency factor of thei'th chemica species, kg-day/mg,
Q = the potency factor of the reference chemica species, kg-day/mg,
UVeop = unit converson factor for transforming vapor concentrations into

an effective continuous daily dose,

10° mg 1 1 1 year
kg 70 kg 70 years 365.24 days

UVcop =

In CHEM_MACCS, one of the chemicd speciesin the release is specified by the user
as areference. For releases that involve mixtures of chemicals, this requires only one dose to
be defined for calculating the number of latent cancers. Vapor potency factors for latent cancer

caculations are provided in the DOSDATA.INPfile.

3.3.2 Continuous Daily Dose for Resuspended Vapor Inhalation

The continuous daily dose associated with the resuspended vapor inhdation pathway is

cdculated in CHEM_MACCS by the equation

where

E Qi o) Rty _ e"th

DRCDD = Ai_ GC, BR J PF\/|N UVCDD RC —— (310)
é Q a9 IR

Dreop = effective continuous daly dose of reference species by the

resuspended vapor inhdation pathway (mg/kg-day).

The totd continuous daily dose CDD is the sum of the dose due to the plume vapor

inhalation plus that due to resuspended vapor inhaation:
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4. Mitigative Actions and Dose Accumulation

The modeling of doses to individuas following a toxic chemical release must take into
account the location of the individuas during and following the accident, as well as the time
period during which the doses are recaived. The doses received can change sgnificantly if
protective actions are taken to prevent or reduce the number of public hedth effects.
Evacuation and shedltering are the protective actions modeled in CHEM_MACCS during the
emergency phase. Since CHEM_MACCS does not modd long-term exposures, the models
employed in MAACS to rel ocate people away from hot spots after 7 days do not apply.

For a given CHEM_MACCS cdculation, the user can specify up to three different
emergency response strategies or scenarios and their corresponding weighting fractions. These
weighting fractions are specified as fractions of the people or fractions of the time and must
sum to 1.0. The EARLY module is executed and the results are presented for each of the
scenarios. The weighted sum of different emergency scenariosis then calculated for each early
conseguence measure using the specified weighting fractions.

For a given emergency response scenario, up to three different types of protective
measures can be specified by the user:  evacuation, sheltering, or temporary relocation. The
emergency response modd of CHEM_MACCS has the capability of using an inner sheltering
zone, up to three evacuation zones, and an outer shetering zone. Figure 7 shows the
schematic of different emergency response zones.

Release Site

Figure 7 Schematic of emergency response zones



The temporary relocation protective measure gppliesto al the spatial elements outside
the evacuation or sheltering zone. The spatial eements of different protective measures shown
in Figure 7 are defined asfollows:

inner sheltering zone S;: betweenr; and r,
evacuation zone 1, E;: betweenr, and r;
evacuation zone 2, E,: betweenrz andr,
evacuation zone 3, E;: betweenr, andrs
outer sheltering zone S;: between rs and rg
relocation zone R: greater than rg

The existence of an evacuation or sheltering zone is optiond. For example, the user
can define a scenario in which neither evacuation nor sheltering takes place anywhere in the
region. For this case, temporary relocation appliesto al spatia elements of the entire region.

A st of protection (dose reduction) factors is specified by the user for each of the three
groups of people: evacuees, people taking shelter, and people continuing normd activity. The
protection factors are for vapor inhaation, vapor-skin contact, and vapor-liquid contact. These
protection factors (less than or equal to 1.0) are used as multipliers in the dose calculations for
the corresponding pathways discussed in Sections 3.2 and 3.3 to reduce the doses according to
the protective measures taken at different times.

Since protection factors are used to reduce the calculated doses as linear scaling factors
between 0 and 1.0, the smdler the protection factor value, the better the protective measure.
Typicd relations among these protection factors are:

protection factor protection factor protection factor

1.0 > > > _ > 0
for evacuees for normal activity for sheltering

4.1 Evacuation

Warning times for an impending sgnificant release of hazardous materiad could vary
from essentidly none to severd hours. Depending on the accident scenario and the distance
from the source, severad hours might pass before the released plume would reach a particular
population group, depending on the windspeed following the release. Because of this available
time, evacuation is given consderable attention as a public protective measure in most current
biological emergency preparedness programs in the United States. Evacuation is potentidly
the most effective method of avoiding exposure and can provide total protection if it is
completed prior to arrival of the plume.

The CHEM_MACCS evacuation model incorporates a delay time before public
movement, followed by evacuation radidly away from the release point a an effective radia
congtant speed. Different protection factors and breathing rates can be used while individuas
await evacuation (norma activity) or are being evacuated (evacuees).



The user can specify up to three evacuation zones. Each has its own user-specified
delay time before start of evacuation. The people within the desgnated evacuation zone are
assumed to move as a group after the specified delay time. However, dl evacuees of the three
zones have the same evacuation speed, which is specified by the user. Evacuating people are
assumed to move to a user-specified distance (e.g., 20 miles) from the accident Ste at which
further exposure from the plume is assumed to be avoided. This modd is smilar to the one
used in the Sandia Reactor Siting Study.*

Before the evacuees start moving, they are assumed to be carrying out normal
activities. Protection factors for normal activity apply to them during this period. After they
gart moving, they become evacuees and the shielding factors for evacuees apply to them
during evacuation.

The CHEM_MACCS plume transport model assigns the plume a finite length
caculated using the assumed release duration and windspeed during the release (see Section
25). To smplify the treatment, the length of the cloud is assumed to remain constant
following the release (i.e., the front and back of the plume travel at the same speed), and the
concentration of hazardous materid is assumed to be uniform over the length of the cloud.
The radia postion of evacuating persons, while stationary and while in trangit, is compared
with the positions of the front and back of the plume as a function of time to determine the
period of exposure to airborne radionuclides.

CHEM_MACCS accumulates the doses for the evacuating people by adding the doses
they received before they started moving and the doses received during evacuation out to a
distance where they are assumed to avoid further exposure.

4.2 Population Sheltering

Shdltering, as used by the emergency response modd, is defined as deliberate action to
avoid exposure by remaining indoors and away from doors and windows during and after the
passage of the plume. Normally inhabited structures offer protection from deposition onto the
skin of arborne chemical species. Closing windows and/or air circulation systems can dso
reduce the amount of chemica species inhded. In the mode, the nonevacuating people
resding within a sheltering region are exposed to chemica species using the protection factors
defined for the region.

For the shdltering protective measure, the user specifies a sheltering delay time (from
the darm time) and the shdtering duration time? Before people go indoors and close
windows, they are assumed to be carrying out normad activities and the shielding factors of
norma activity apply to them during this period. After they take shelter, the shielding factors
apply to them for the duration of the sheltering period. CHEM_MACCS adds the doses
received before individuas take shelter to the doses they receive during the sheltering time.
After the sheltering time, individuals are assumed to be removed from their spatial element and
no further exposure is caculated by the EARLY module.

4.3 Dose Accumulation of Emergency Phase



As far as dose accumulation during the emergency phase is concerned, the key
parameter is the duration of exposure for people origindly residing in each of the spatia
eements in the entire region. Before cdculating dose accumulation for people,
CHEM_MACCS determines t;, the time that people enter a given spatid eement, and t;, the
time that people leave that spatial element. Thisis done for each patial eement of the entire
region. The time spent by people in a given spatial dement ist, - t;. Thistime could be spent
in norma activity before evacuation or traveling time through a spatid dement.
CHEM_MACCS dso determines the time a plume enters the spatid dement, t., and the time
the plume leaves the spatid dement, to.

The dosmetry equations for inhdation during plume passage, resuspension inhalation
after plume passage, and skin dose during plume passage are described in Chapter 3. For each
of these pathways, the dose received by an individua during the exposure time between t; and
t, from each spatid element that he or she entered is first calculated using the corresponding
equation. If the plume never enters a spatia eement, the dose from that spatid eement is zero
for dl pathways during the emergency phase.

During the emergency phase, two types of doses are caculated for the on-grid
populations. acute doses and the lifetime doses (50-year dose commitments). The acute and
lifetime doses are caculated for arepresentative individuad in aspatid dement. The population
dosefor the on-grid populationsis caculated by multiplying the individua dose by the number
of people in a spatid element. The total population dose is the sum of population doses over
al spatid elements.

The acute doses are used to cdculate the early hedlth effects (eg., early fatdities and
early injuries). The lifetime doses are used to caculate the delayed (latent) hedth effects (eg.,
cancer incidences). See Chapter 5 of this report for more detall.

As discussed in Section 3.1, doses of early exposure pathways are caculated for each
fine spatia eement (r,m), wherer istheradia interval number and misthe fine angular divison
number from the plume centerline. To calculate the dose received by the population of afine
goatial element, the dose must be summed over al applicable exposure pathways, over dl
plume segments that cause exposures in the population group, and over dl locations where the
group receives exposures (only evacuees recelve a dose at more than one location). Since
CHEM_MACCS gpproximates the crosswind distribution of plume segments usng a
histogram, dl doses dso depend on the off-centerline position where they are received (see
Section 3.1).

To express dl of these dependencies mathematically, dose k to a population cohort
located at a fine spatia eement (r,m) must be expressed as a sum over chemicds i, plume
segments n, and exposure pathways. Thus, dose k of a population cohort in a fine spatia
element (r,m) from plume segment nis given by:

Dkrmn = DIkrmn + Dermn (41)
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where DI is the dose caused by inhdation or deposition of materias directly from the passing
plume segment and DR is the dose resulting from inhalaion or deposition of materids
resuspended from the ground (see Section 3.1).

Since it is assumed that evacuation proceeds radidly outward, to caculate the tota
dose received by a population cohort that receives a dose at more than one location (evacuees
only), the dose delivered at each radia interva number r where exposures are incurred must be
summed:

kan = A Dkrmn
' 4.2

Findly, the total dose k received by a representative cohort in a spatial element is
obtained by summing the doses delivered by separate plume segments:

Dkrm = A Dkrmn
n 4.3
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5. Risks of Health Effects
5.1 Risks of Early Health Effects

In CHEM_MACCS, probit hazard equations replace the exponentia hazard curves
used to estimate the risks of acute injuries and fatdities in radiological versions of MACCS?
Before discussing the implementation of probit equationsin CHEM_MACCS, relevant features
of the exponentid hazard curves are reviewed. The exponentia form calculates the risk of the
J,th acute effect as

r, = 1- exp[-In(2) (D,/D50,)" ] (5.1)
where
D; = the biologicdly effective dose causing the acute effect (injury or
fatdity),
D5G = the dose that would induce the effect in haf the exposed
population,
b = ashape parameter.

Note that when D; = D50, r; = 0.5, as it should. Early fatalities can be caused by radiological
doses to more than one organ (e.g. doses to red bone marrow, lungs, and lower intesting). In
this case, the cumulative risk of early fadity is cdculated as if the individua effects were
independent:

Kdeath

ldeath — 1- 6 (1-rk) (52)
k=1

For the exponentia hazard curves, this reduces to

Kdeath

= 1- O exp[-In(2)(Di/ Dsox )]

k=1

rdeath

Kasan i (5.3
= 1- exp[-In(2) A (Di/Dsox)™]

k=1

= 1- exp[-In(2) Her ]

where

Kdeath
Hey = A (Dk /D 50k)bk (54)

k=1

That is, rgesn Can be obtained by evaluating the risk function r = 1 - exp[-In(2) H] a an effective
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hazard Hg:, which isthe sum of theindividua fatal effect hazards.

The risks of acute hedlth effects due to exposures to toxic chemicals are modeled using
the probit equation:

r; = F(probit-5) (5.5)

where F (z) denotes the standard Gaussian cumulative distribution function

F(z) = (21 )%‘;E? exp(-u’/2)du = L erf2(z/\/§) (5.6)
and
probit, = a; + bjlog, (D) = 5 + blog, (D/D50) . (5.7)
The congtants
a = the y-intercept, and
b = the Bliss dope of the dose-response curve,

depend on the chemical and the effect being caused. As indicated by the preceding equation,
D50 isrelated to g and by. Thereationshipsare

InCHEM_MACCS, ; is calculated as - (z) where
The total risk of eariy fatdity is @aicuiafed byj'n’emngwh of the fata hedith effects as an
independent event, that is, By q:)pIE/’W@Equ‘éuon (Qé?g (D;/D50) (58)

5.2 Combining Acute Doses from Different Chemicais

Condder two tanks (A and B), each containing a toxic chemica. The risk of a
particular acute hedlth effect due to afailure of tank A aone can be written
Smiiarly, therisk of this acute effect dueto Talureo’r ta‘lK B aonecan be written
Now, it IS tempting to say that if both ralivgauitaneoudy, the resuiti r?k
of the health effect in question WouTd e BheSER- 1 - (1-ra)(1-rs). H
is easy to demonstrate that botft®of Theke &t Simply consider thelRdn
which both tanks contain the same chemlcai Then D50, = D50g, by = bs = b, and the:
appropriate risk is that obtained by inserting the sum Da + Dg in the single hazard equation.
This can be written in the form
This equation is extended in CHEM_MACCS to caicuiae FISKS associated with releases of

mixtures of chemicals. Specm cayy%h mx%ﬁelae%e do@gg S ated with thej, tiegwﬁ)th

effect in CHEM_MACCS s E %&b ofe
The BIISSIOpeTOI‘ the mixed release 1S taken to be the ||near|y welgnted vaue
D 0O ~ Dj
9 i D



Therisk of hedth effect j from the mixed release is then

g .0
rp = F CEb IOglo'E
3y zJ

%88'&

From the release of asingle speciesi, this reducesto

rp = F CEb'J |0910.E—50”g%

(5.14)

(5.15)

(5.16)

The dose D; that is printed in CHEM_MACCS output for hedlth effect j is an equivalent dose

of auser-specified reference speciesf. That is, setting
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N D bbU Q ~ D 8 g’;
Fiso, = Eios0 & (5.17)
é D 9 gEéD ﬂj?

gives
g
? - 5 Do,
=D O
gEéD ﬂj?

It should be emphasized that unless the reference species f is the only one released, D; is an
equivaent dose of reference speciesf; and D; is not equal to Dy;.

5.3 Latent Cancer Risks

In CHEM_MACCS, the additiona lifetime risk of developing cancer due to inhdation
doses recaived during the first 7 days following a chemicad release is based on the linear
nonthreshold dose-response relationship

lcancer = Q CDD = Q (DPCDD + DRCDD) (519)

where the terms are as defined with Equations (3.9) and (3.10). Therisk estimate is a measure
of potentia incidence (i.e., tumorigenicity and not cancer deaths). Given that the concentration
weighting factors for individual chemicals in the continuous daily dose caculation are defined
Q/Q, it follows that the preceding equation is equivaent to

r'cancer = AQI CDDI (520)

Note that the units of Q are dose reciproca (kg-day/mg). Potency factors Q; are often based
on the upper-95% confidence limit of the linearized dose response for animd test results
judged by expert selection to be most representative of persons. In this case, any cancer risk
estimate derived by the use of Q; will represent an upper bound. In CHEM_MACCS, the
numerical vaues of the potency factor ratios Wij.cop are placed in column 6 of the
DOSDATA.INPfiletable for each of the vapor species.
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6. Comparison of CHEM_MACCS and D2PC Results

The Persond Computer Program for Chemical Hazard Prediction (D2PC) is a
computer package that estimates the downwind hazard from release of a toxic chemica.® In
D2PC, hazards are assessed in terms of accumulated dose or peak concentration resulting from
an ingantaneous, continuous, or time-varying release.  Unlike CHEM_MACCS, D2PC is
restricted to fixed weather caculations. Both D2PC and CHEM_MACCS use a Gaussan
plume equation to disperse released materias in the atmosphere. The form of the Gaussan
plume equation used in both codes is presented in Equation (2.11). Because CHEM_MACCS
permits the user to specify the constants to be used in the equations for sy and s, it is possble
to obtain D2PC-equivalent sgmas in CHEM_MACCS. This permits direct comparisons of
CHEM_MACCS and D2PC caculations.

6.1 CHEM_MACCS Input

The CHEM_MACCS input used for comparisons with D2PC is discussed in the
following subsections. The input is reproduced as Appendix E.1.

6.1.1 Dispersion Equations and Constants

The D2PC program cal culates the dispersion parameters as:

EX+B 0° EX+C 0"
SY(X) = Syf A SZ(X) = Szr A
R € X g 6.
N ! 1
B Esys Oa C st bb
= ny A = Xz
8Sr g €sx o (62)

Table 4 gives the recommended vaues of the constants Sy, Sa, Xy, Xa, @, and b for open
terrain.®® B and C are calculated from the spatial standard deviations of the initial source, sys
and s Thevauesof sysand S are based on the size of the sources.

CHEM_MACCS cdculates dispersion parameters usng asmilar power-law,

Syi = ax

sa = ox’ 6.3)

Thevaues of g, by, ¢, and d for the i'th sability class are user specified in the ATMOS input
file. In CHEM_MACCS, s, can be scaled to correct for horizontal plume meander and s, can
be scaled to account for effects of surface roughness. These corrections have the effect of
increasing the plume volume, thereby decreasing plume concentration. In



Table4 Recommended values for D2PC sigmas (X,r =Xz = 100 m)

Syr (M)
Stability Sz (M) a b
Category
| nstantaneous Continuous
A 9.0 27.0 14.0 1.0 14
B 6.33 19.0 11.0 1.0 1.0
C 4.8 125 75 1.0 0.9
D 4.0 8.0 45 0.9 0.85
E 30 6.0 35 0.8 0.8
F 20 4.0 25 0.7 0.75

addition, the initid vaues of the disperson parameters are determined by the sze of the
building (height and width) from which the materid is released.

Since both CHEM_MACCS and D2PC use power law equations to modd the
disperson parameters, matching the vaues of theinitid sgmas and the leading and exponentia
terms used in the s caculaions should result in comparable results. To obtain D2PC-
equivaent sgmas for CHEM_MACCS, the congtants a, b, ¢, and d were assgned values as
follows.

b, = a d = b (64)

The resulting constants, which are used to caculate the D2PC-equivaent sgmeas, are shown in
Table5.

Table5 Constants for CHEM-MACCS to obtain D2PC-equivaent sgmas

Staility Class

Class Subscript, | a b G d
A 1 0.2700 10 0.0222 1.40
B 2 0.1900 10 0.1100 1.00
C 3 0.1250 1.0 0.1189 0.90
D 4 0.1268 09 0.0898 0.85
E 5 0.1507 0.8 0.0879 0.80
F 6 0.1592 07 0.0791 0.75




The liner CHEM_MACCS scdling factors for sy and s, that account for surface
roughness were "turned off" by assigning
DPYSCALEOOL1=1
DPZSCALEQOL = 1.

6.1.2 Plume Meander Data

EXPFAC is a linear expanson factor for s, that is used to caculate ground
concentrations. EXPFAC is aratio raised to the power XPFAC1001 or XPFAC2001. The
CHEM_MACCS scaling factors that account for plume meander were "turned off" by setting
the rlevant program variables to their minimum values as follows

PMXPFAC1001 = 0.01
PMXPFAC2001 = 0.01.

6.1.3 Release Description Data

CHEM-MACCS can handle multiple plume segments of varying sizes, durations, and
energy content. One plume segment was specified and assigned an energy content of 3.35
watts (essentidly zero) to eiminate plumerise. Thefollowing vaues were assigned:

RDPLHITEOOL = O, release height (m)
RDPLUDURO001 = 3600, release duration (seconds)
RDCORINV001 = 1.22E+6, size of source (mg)
RDCORSCAO001 = 1.0, fraction of source released

6.1.4 Meteorological Data

Three test runs were made for gtability class A, windspeed 2 m/s, stability class D,
windspeed 2.5 m/s; and sability class E, windspeed 4 m/s. The rdevant ATMOS input
variablesare asfollows:

M1IMETCODOQOL = 4, sdlects congtant condition
M2BNDMXHQ01 = 220, height of mixing layer (m)
M2IBDSTBO001 = 1, stability A (4, gability D; 5, ability E)
M2BNDRANOQOL = 0O, rainfdl rate (mmv/hr)
M2BNDWNDOO1 = 2, wind speed (m/s) (2.5 m/s, 4 m/s)

6.2 D2PC Input Data

D2PC is a PC-based interactive program. The input to the program was printed from
the screen to afile and is included as Appendix E.2. The location was not defined so that the
mixing layer height could be specified (220 m). The westher data were the same as for the
CHEM_MACCS runs, stahility class A, windspeed 2 m/s; stability class D, windspeed 2.5 m/s,



and gability class E, windspeed 4 m/s. A "nonagent” semicontinuous release of total amount
1.22E+6 mg was specified. The duration of the release was set a 60 min (3600 s). The
variable NDI was set equd to 8 after the "dl other input" prompt so that doses of interest
could be entered. (In D2PC, the user specifies a dose of interest and the program calculates
the distance to that dose) CHEM_MACCS was run prior to running the D2PC program so
that the ground level, centerline doses caculated by CHEM_MACCS could be input into the
D2PC program.

6.3 Results

Based on the input data discussed in the last section, the ground-level, centerline
(downwind) doses at the midpoints of the intervals were calculated by the CHEM-MACCS.
D2PC was then used to calculate the distance a which the doses are equal to those calculated
in the CHEM-MACCS runs. Tables 6, 7, and 8 show the results of the caculations for the
three different weather conditions. The D2PC-caculated distances for each of the
CHEM_MACCS cdculated doses are in very close agreement with the midpoint distances
goecified in the CHEM_MACCS input. This verifies that CHEM_MACCS and D2PC
dispersion calculations agree very well.

Table 6 Comparison of CHEM-MACCS and D2PC results for stability class A,
windspeed 2 m/s, mixing layer height 220 m, semicontinuous release,
1.22E6 mg, 60 min

CHEM-MACCS results D2PC
using D2PC-equivaent results
congtantsin s formulas
Distance: midpoint Ground-leve Distanceto
between specified centerline dose specified dose
radii on grid (m) (mg-min/m®) (m)
100 8.0 103
350 0.433 347
750 0.0970 715
1500 0.0483 1414
3500 0.0207 3299
7500 0.00966 7068
15000 0.00483 14137
35000 0.00207 32986
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Table 7 Comparison of CHEM-MACCS and D2PC results for stability class D,
windspeed 2.5 m/s, mixing layer height 220 m, semicontinuous release,

1.22E6 mg, 60 min

CHEM-MACCS results D2PC
using D2PC-equivaent results
congtantsin s formulas
Distance: midpoint Ground-leve Distanceto
between specified centerline dose specified dose
radii on grid (m) (mg-min/m®) (m)
100 70.8 101
350 8.33 343
750 222 730
1500 0.664 1454
3500 0.151 3390
7500 0.0435 7187
15000 0.0215 14149
35000 0.0100 32916

Table 8 Comparison of CHEM-MACCS and D2PC results for stability class E,
windspeed 4 m/s, mixing layer height 220 m, semicontinuous release,

1.22E6 mg, 60 min

CHEM-MACCS results D2PC
using D2PC-equivaent results
congtantsin s formulas
Distance: midpoint Ground-leve, Distanceto
between specified centerline dose specified dose
radii on grid (m) (mg-min/m®) (m)
100 75.8 100
350 10.8 338
750 322 720
1500 1.07 1433
3500 0.276 3343
7500 0.0817 7157
15000 0.0309 14814
35000 0.0150 31917
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7. Summary and Recommendations
7.1 MACCS and CHEM_MACCS

MACCS was developed a Sandia National Laboratories to perform probabilistic
caculations of the potential off dte consequences of the atmospheric release of radioactive
materid in reactor accidents MACCS was extensvely checked and tested during its
development, and has been continuousdy maintained by Sandia Nationa Laboratories under
contract with the NRC. MACCS has been used in many probabilistic risk assessments,
including the NUREG-1150 study and is widely used by Department of Energy facilities for
safety analysis reports.®®

Science Applications Internationa Corporation sponsored the development of
CHEM_MACCS from MACCS to provide the capahility of caculating the probabilistic off Site
consequences of the accidental atmospheric release of hazardous chemicds. CHEM-MACCS
provides the following capabilities, which are not generdly available in combination in chemica
rel ease consequence codes.

a Statistical weather sampling of ste-specific data (8,760 hourly data points per year)

b. Population dose and hedth effect risk caculations based on ste-specific population
data

C. Hedth effects cdculations that include the consderation of potentid dte specific
mitigative actions, including evacuation, shielding, and relocation activities,

d. Modeing of multiple-release segments.
7.2 CHEM_MACCS Models

CHEM_MACCS only includes two modules: ATMOS and EARLY. The CHRONC
module of MACCS s not included. CHEM_MACCS does not account for decay or reactions
of hazardous chemicals.

In MACCS, doses to various organs are caculated by summing the contributions
associated with loca air and ground concentrations of tracked radioactive nuclides. The total
dose to a particular organ is the sum of the doses to that organ by various pathways. In
CHEM_MACECS, the chemicd doses are associated with five different exposure pathways, and
CHEM_MACCS combines the doses from different chemicas by linearly weighing the relevant
ar or skin concentrations of the different chemicals in proportion to their capability to cause
the hedlth effect in question.

MACCS cdculaesthe risk of aspecified hedlth effect based on cumulative hazard. The
cumulative hazard is a function of the normdized biologicaly effective dose In
CHEM_MACCS, the hedth-effect risks are based on probit equations or potency factors as
specified by the users. The risk values represent the percent of the population that could be
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expected to suffer the specified effect as aresult of exposure to a toxic substance.

CHEM_MACCS introduces a new mode for specifying the tart time and the end time
of the accident. The user can specify the accident-initiatiation interva; for example, forcing any
accident to beinitiated during workhours (e.g. from 8:00 am. to 5:00 p.m.).

7.3 CHEM_MACCS Input and Output

Input for the ATMOS module is unchanged from MACCS. As for MACCS, the
following outputs can be obtained from the EARLY module:

cases of agiven hedth effect

ealy fataity radius

population exceeding a specified dose
average individua risk

population dose

centerline dose versus distance
centerlinerisk versus distance
population-weighted risk

ONOU~WDNE

CHEM_MACKCS introduces two new output options: (9) the maximum distance a which a
user-specified leve of early injury risk is exceeded, and (10) the area of land contaminated in
excess of auser-specified level. The input and output files are modified according to changesin
the models.

7.4 CHEM_MACCS Testing

In the process of developing CHEM_MACCS from MACCS, severd verification
drategies were used. Firg, the development process was undertaken in stages with an example
problem used at the end of each stage to verify that the coding tasks had been completed
successfully. The test problem used for a particular stage varied according to the nature of the
tasks undertaken, but the focus was on maintaining a working interim version of the code at al
times. In thisway, one could dways go back to the working version from the previous stage if
aparticular coding effort became too difficult to debug. A line-by-line check of al coding used
to implement CHEM_MACCS models was done. A few minor changes were made to
CHEM_MACCS as a result of this line-by-line inspection. Findly, a set of verification
cdculaions, including the D2PC comparison cdculaions discussed in Chapter 6, was
undertaken. A more detailed discussion of verification activitiesisincluded as Appendix F.

Three test problems are used to compare CHEM_MACCS with D2PC. In these three
test problems, a source term is given and the weather conditions are changed. For each test
problem, CHEM_MACCS cdculated the downwind centerline doses a the midpoints of the
intervals, and then D2PC cdculated the distances relevant to those doses. From the results
discussed in Chapter 6, the downwind centerline distances from the source for the given doses
arein very close agreement.



7.5 Recommendations

CHEM_MACECS performs probabilistic calculations of potentia offsite consequences
of the atmospheric release of four chemicds. nerve agents GA, GB, VX, and the blister agent
HD based on data described in Appendix G.  Additiona hazardous chemicals should be
included in the future. Since the doses are dependent on the air and ground concentrations of
the hazardous chemicals, an exact description of the properties of the chemicds is very
important. Future activities should investigate other deposition models, especially models for
dense gases, which are very different from the disperson modesin MACCS.
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APPENDIX A
User Input Processing

A.1l Introduction

In some cases, the user may not need to exercise dl of the codes features. For
ingtance, if dl that is needed is a caculation of ar and ground concentrations as a function of
distance, only the ATMOS module need be exercised and EARLY can be skipped.

The OUTPUT module generates complementary cumulative distribution functions
(ccdfs) of the results generated by EARLY when the user requedts that those results be
produced as described in Appendix C. Thisis done for both single and multiple weether tria
runs. The resultsthat can be produced are defined in Sections C.12 to C.21.

A ccdf is generated internally for dl of the user requested consequence measures. For
each of these ccdfs, the code dways produces a one-line summary describing various aspects
of the digtribution function that is written to the List Output File.

For any subset of the results, the user can, in addition, cause the code to print out the
entire ccdf table. This feature is under user control and is described in each of the sections
where the user requests the production of the individua consequence measures.

The results from the OUTPUT module are presented individually for each emergency
response drategy, and also as a weighted sum of the combined results. Consequences
caculated by EARLY (such as cancer cases) are summed together in the overal weighted sum.
In addition, the weighting fractions associated with the individual emergency response
scenarios of EARLY (up to three are dlowed) are automatically combined according to the
values of "fraction of the peopl€" or "fraction of the time" specified on the EARLY User Input
File (WTFRAC).

There is no provison for specifying each accident's expected rate of occurrence
(eccident frequency).  All consequence messures caculaled by CHEM_MACCS are
conditional on the occurrence of a particular accident. For directions on the interpretation of
the consequence val ues presented by the OUTPUT module, please refer to Appendix D.

CHEM_MACCS can handle multiple source terms in a single run. When more than
one source term is specified, the results for each are presented on the output listing in the order
of their appearance on the ATMOS User Input File. The OUTPUT module will print a
description of al the results for each source term before going on to the next source term. The
codeis currently dimensioned to handle up to 60 source terms a atime.
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When the user has requested that multiple westher triads be performed according to
wegther category sampling (Section B.16), the user has the capability of having the OUTPUT
module present a table of relative contribution from each weather category sampling bin
(Section B.2). This enables the user to see what type of wegther conditions contribute the
most to the mean consegquence vaue of each result on the output listing. These tables can only
be produced if weather category sampling is being used (METCOD=2). This feature is
especialy useful now that the user has some control over the bins defining weather category
gnce it can provide a means of "finetuning” the bin definitions. Section B.11 provides
additiond information on the interpretation of the relative contribution tables.

Parameters defining both the rain intensty and rain distance bins are specified on the
ATMOS User Input File as described in Section B.16. In contrast to the categorization of rain
events, which is under the user's control as defined in Section B.16, the initial condition bins for
gtability class and windspeed remain hard wired into the code with no provision for easy
modification by the user.

A.2 Input Format

The format of the input files was designed to maximize their readability. The input
processor dlows comments to be fredy interspersed with the data, which allows the input files
to documented interndly.

Certain redtrictions on the format of the input data files are necessary. The input data
files condst of a sequence of card images, with each card allowed a length of up to 100
characters. The sequence of cards is deimited by a specid terminator record. A terminator
record is a card with aperiod (.) in column one. Each card in afileis either acomment card or
a data card. Comment cards are denoted by an asterisk (*) in column one. Data cards are
required to begin in column one with an eeven-character record identifier consisting of eight or
nine apha numeric identification characters followed by two or three numeric characters
which are used for sequencing. An example of arecord identifier is RIATNAM1001.

The input processor begins by sorting al the data cards in the file according to the
collating sequence of their record identifiers. If more than one data card has the same record
identifier, the last card encountered is used and dl earlier cards with the same identifier are
ignored. Cards may appear in any order. The ordering of data cards is only important for
cards sharing the same record identifier.

Multiple source terms for ATMOS and multiple emergency response dtrategies for
EARLY can be specified by the addition of "change cards' postioned a the end of the
ATMOS and EARLY user input files. Each set of change cards is separated from the rest by a
period (.) in Column 1. ATMOS dlows up to 59 sats of source term change cards and
EARLY dlows up to two sets of emergency response change cards. Each change card set
must specify anew text field to describe the source term or scenario and at least one previously
defined input value must be redefined in each set of change cards. If the user triesto override a
previoudy defined input variable that is not in the data blocks for source term (Section B.11) or
emergency response (Sections C.6 and C.7), those cards will be ignored by the program.



Every card appearing in the source term and emergency response change card sets
must have been previoudy supplied in the base case input for thet file. That is, when the
change cards are being processed, there is no capability of adding new cards to the input file
database. The change cards can only be used to replace previoudy defined data items in the
base case input. The change card processor smply replaces a previoudy defined data card with
the new card which has the same record identifier. If a set of change cards contains data cards
with record identifiers which have not been defined in the base case input, it is possible that
spurious results will be generated. All of the CHEM_MACCS User Input Files must end with
aperiod in column one.

Data required by CHEM_MACCS can be of four different types: logical, character,
integer, or real. Logica vaues are represented as either . TRUE. or .FALSE. as defined in the
ANS| FORTRAN 77 standard.’ Character values can be any ASCII string ddimited by
apostrophes (). If the string has no embedded blanks, the apostrophes are optiona provided
that the string is not interpreted to be a data item of another type. Integer values can be
preceded with aminus sign or an optiona plus sign but they cannot have adecima point. Redl
vaues can be written elther as an optionally signed number with adecimd point (FORTRAN F
format) or elsein exponential notation (FORTRAN E format) as defined in the ANSI standard.

The determination of the type of each item encountered is performed as follows. the
code first determines if the item is of type logicd, if it isnt, it checks to see if it is of type
integer, if it isn't, it checksto seeif itisof typered. Any item that is neither logica, integer nor
red is consdered to be of type character.

More than one item can be placed on a card. Multiple items on a card are delimited
either by acomma or ablank. The presence of additional blanks between items has no effect
on how theitems areinterpreted. Multiple commas between items are not alowed.

The input processor will not convert the type of the values that it encounters from redl
to integer or vice versa. If an integer value isrequired by one of the program modules, then an
integer value must be supplied by the user. If a decima point appears in what should be an
integer value, an error flag will be set and execution will be terminated upon completion of the
input processing phase. Likewise, the absence of adecimad point in what should be ared vaue
will be interpreted as an input error and cause the error flag to be set.

In addition to checking that each data item encountered is of the correct type, the input
processor determines the vaidity of the numeric input parameters (both integer and red) by
checking whether they fdl within the specified range. The dlowable range of each datum is
listed in Appendices B and C of this report. Character string values have a length between
gpecified limits; these limits are dso listed here. If avaue is encountered thet fals outside the
required range, the error flag will be set and a diagnostic message issued to the output file.
This message ligs the minimum and maximum alowable vaues for the item in order to
facilitate the debugging process.

If any input errors are detected, the code will usualy attempt to process as much as
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possible of the subsequent input. In many ingtances though, the occurrence of an input error
will cause an immediate termination of the program's execution.

A data dement conssts of either asingle vaue (scdar) or a set of vaues which are all
of the same type (array). Within auser input file for a particular program module, the data that
it requires has been broken up into groups of functionaly related quantities. These data groups
are described in separate sections of the following chapters.

The record identifier used for scalar vaues is dways of the same form. The first two
characters are amnemonic for the data group to which it belongs. For example, the mnemonic
for the Run Identification Data is RI. The next six characters of the record identifier are the
name of the FORTRAN variable within the program that is used to store the value. The record
identifier is dways 001. Only the first item found on the card for a scdar quantity will be
processed. Anything to the right of the data item is ignored by the input processor. This
alows the use of descriptive comments dongside of the dataitem. This feature should only be
used for scalar values.

Arrays are found in the input filesin two different forms. The first method is smilar to
the approach used for scalars. A starting record identifier is constructed the same as above: a
two-letter mnemonic, followed by the sx-letter variable name, followed by 001. More than
one vaue can gppear on the data card separated by blanks or a comma. You may place as
many values on the card as will fit into the 100 columns. Successive cards with ascending
sequence numbers are processed until dl the required data items have been supplied. The
record identifiers of the succeeding cards differ from the starting record identifier only in their
last three digits.

The second method used for arrays is more structured. Severd arrays of the same
length whose values are related appear as columns across the page. The arrays can be of
different type but they dl share the same record identifier. The name of a program variable is
not used to construct the record identifier snce more than one variable receives its vaue from
this"data block." Instead of reading array values from l€ft to right in rows, the arrays are read
from top to bottom in columns.

All of the input parameters used by the program modules will be described in this
report. Unless specified otherwise, al of these parameters are required to be supplied. Each
input parameter is described in a stylized block of text which presents the following
information: (1) the FORTRAN variable name used in the code, (2) the type of the data item
(integer, red, logical or character), (3) an indication of whether only a single vaue is required
(scdar), or multiple values are required (array), (4) minimum and maximum alowable vaues
(or lengths), (5) astatement describing the variable, and (6) an example of the variables use.

A.3 Sample Problems
Three sample problems are provided to illustrate the use of CHEM_MACCS. These

will be referred to as problems VX_A, VX_C, and MIX_C. Due to the length of the output
listingsit isimpractical to include them dl in this document's printed text. All of the input and
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output filesfor the sample problems are available in machine-readable form.

Throughout the body of this document, records smilar to those supplied in the sample
problem input files are used to illustrate the appearance of the data in those files. It is the
responsibility of eech CHEM_MACCS user to ensure the gppropriateness of al data in the
CHEM_MACCS input files which they prepare.

Problem VX_A shows how CHEM_MACCS can be used to address a variety of needs
including regulatory studies and conventional parametric variation sendtivity studies. It
illustrates how CHEM_MACCS can automaticaly loop on source terms and emergency
response assumptions in a single run of the code. The source term only contains one
hazardous chemica species, VX. The weather category bin sampling method is used in this
problem to estimate the distribution of consequences which could result from an accident if the
time of the accident's occurrence is unknown. Automatic looping isillustrated as follows. the
ATMOS User Input File for Problem VX_A causes results to be caculated for two
hypothetica source terms, and the EARLY User Input File specifies two different emergency
response scenarios (95 percent evacuation and 5 percent nonevacuation). An additiona
sheltering case is presented for illustration.

Problem VX_C illustrates how CHEM_MACCS can be used to examine one of the
wesgther sequences which was selected in the weather sampling used for Problem VX_A. This
type of examination is usualy done when some type of unusua result is noticed on the output
listing and the user wishes to determine if the caculations are being properly performed. By
going back to the first part of the listing, we can see that this trid began at day=157 and
hour=10 on the wesather datafile.

By themsdves, the numbers printed on the debug output listing may be hard to
interpret, but they could be helpful if it is necessary to examine intermediate steps in the
caculations.

In Problem MIX_C, the code is set up to run with constant meteorology; D-gability, 5
m/s wind speed, no rain. A uniform population distribution of 50 peoplelkm? is used for the
cadculations and therefore there is no need for a Site Data File. The source term contains al
chemical species GA, GB, HD, and VX. Thereisno evacuation. Inthisrun, only the standard
presentation of results from the OUTPUT module appears on the output listing.

Once CHEM_MACCS s ingaled on a computer system, the user can verify thet dl is
well by running the sample problems and comparing the resulting output files with those on the
distribution magnetic tape which were generated on a DOS system. Since CHEM_MACCS s
intended to be portable to any computer, the numeric output values by and large should be
identical or very close to identical. The only sgnificant deviation might lie in the probabilities
of non-zero and peak vaue consequences since the precison of arithmetic and the handling of
underflow will vary on different computer systems.

If the user isworking with a DOS system, the CHEM_MACCS command file included
on the ingtallation tape may be used to execute the three sample problems as follows after the
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input files have been loaded and the program compiled and linked. The sample problems can
be executed by typing the following three command lines.

VX_A - >CHEM_MACCS VX_A_1VX_A_2"™ METDATA SDPSIT VX_AORI
VX_C - >CHEM_MACCS VX_C_1VX_C_2"" " "™ VX_CORI

MIX_C - >CHEM_MACCS MIX_C_1 MIX_C_2"" " " MIX_CORI

The output from these sample problems will be found in the three files VX_AORI.OUT,
VX_CORI.OUT, and MIX_CORI.OUT. Sample Problems VX _C and MIX_C do not
require a meteorologicd data file (METDATA) or a Site Data File (SDPSIT), since they use
constant weather conditions and a uniform population density.

References
1 "American Nationd Standard Programming Language FORTRAN," ANS|

X3.9-1978, American Nationd Standards Ingtitute, 1430 Broadway, New
York, NY 10018.
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APPENDIX B
ATMOS Input File
B.1 Introduction

The ATMOS program caculates the disperson and deposition of materia released to
the atmosphere as a function of downwind distance. The phenomenathat ATMOS treats are
(2) building wake effects, (2) buoyant plume rise, (3) plume disperson during transport, and
(4) wet and dry deposition.**® It utilizes a Gaussian plume modd with Pasquill-Gifford
disperson parameters.

At the midpoint of each spatid interval adong the transport path, ar and ground
concentrations for al the chemica species are cdculated as well as miscellaneous information
about plume size, height, and trangport timing. This datais stored in common blocks which are
used later by the EARLY module of CHEM_MACCS.

Trangport and deposition in ATMOS are treated with a one-dimensiond modd.
Concentration vaues are caculated only for the plume centerline. There is no cdculation in
ATMOS of off-centerline concentrations. The adjustment for off-axis location is handled in the
EARLY module.

CHEM_MACCS incorporates a database of eight chemical species. In any single
CHEM_MACCS run, the user can define a list of up to 8 chemica species (including vapor
and liquid).

Severd different options for specifying weather conditions are available to the user.
These include two weather sampling options. (1) category bin sampling and (2) dtrictly
random sampling; as well as three different methods of specifying a sngle weather trid: (1)
constant westher conditions, (2) fixed start time in the westher file, and (3) user-supplied 120-
hr weather sequence.

It is up to the user to specify the various parameters needed for these caculations.
There are no default values. All of this information is supplied through the user input file to
ATMOS and dl of the input parameters are described in this gppendix.

Downwind transport, dispersion, and deposition are treated in the ATMOS module of
the MACCS code. In addition to the vdues of the parameters implemented in its
phenomenologicad modds, the ATMOS module aso requires that the nature of the release and
the dimensions of the computational grid be specified as input. Given these data, ATMOS
modedls plume liftoff and plume rise, the capping of plume rise and of vertica plume expanson
by inverson layers, downwind transport of the plume, horizontal and vertical dispersion of the
plume, plume depletion by wet and dry deposition, and radioactive decay, and calculates the
centerline air and ground concentrations that these processes produce on the computationa
grid.
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Most of the modes implemented in the ATMOS module use weather conditions as
input data. Either constant or variable weather data can be used. Variable data are specified as
a sequence of hourly values of windspeed, amospheric gability class, and amount of
precipitation, which begins a a time specified by the user or sdected by the westher
categorization and sampling agorithm embedded in the code. If variable data are used to
mode a release that is divided into plume ssgments, the user must designate one of the
segments as risk dominant, whereupon ATMOS automatically causes the release of that
segment to coincide with the gtart time of (first hour of data in) the variable sequence of
wesather conditions. The user must adso select a representative weather point for each plume
segment, which determines the westher conditions that will be used to caculate al transport
processes except wet deposition.

B.2 Run Identification (RI) Data

In order to identify the computer run that is being performed, the user is required to
supply a text fidd that will be printed on dl of the list output produced for this run by
CHEM_MACCS. All of the CHEM_MACCS programs obtain the current date and time from
the computer operating system s0 it is not necessary to include information of that type. In
addition to this text fidd, a text fidd describing the source term is supplied separately in the
Release Description Data Block, which defines the source term.

VaiableName - ATNAM1

VaiableType - Character, Scaar

Allowed Range - 1<=length<=80

Explanation - Identifies this CHEM_MACCS calculation. This identification information
will be printed at the top of al pages of the OUTPUT listing.

ExanpleUse -

* GENERAL DESCRI PTI VE TI TLE DESCRI BI NG THI' S "ATMOS" | NPUT

*

RI ATNAMLOO1 "M X C 1.1NP, CHEM MACCS EXAMPLE PROBLEM M X C, ATMOS
| NPUT'

B.3 Geometry (GE) Data

A polar grid coordinate system is used in CHEM_MACCS to represent the region
surrounding the plant. The plant itself is dways located at the centerpoint of the coordinate
gystem (r = 0). The datain this section define the grid spacing between spatid elements in the
radid direction. All of the consequence calculations performed by CHEM_MACCS are stored
on the basis of the radia spacing defined here. For example, air and ground concentrations are
cdculated to be representative of the entire length of the spatid element (not just its
centerpoint).

VaiableName - NUMRAD
VaiableType - Integer, Scaar
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Allowed Range - 2<=vdue<=35

Explanation - Number of radid spatid intervals defined in the modd. This quantity
defines the polar coordinate spatial grid which will be used by the two
program moduless ATMOS and EARLY . If aSite Data Fileisbeing used,
the value supplied here must match exactly the value supplied on that file
asvariable NSPDTS.

lExampIe Use

*NUMBER OF RADI AL SPATI AL ELEMENTS
*
GENUVMRADOO1 26

VaiableName - SPAEND

VaiableType - Red, Array

Allowed Range - 0.001 <= value <=9999. (km)

Explanation - Digtance in kilometers to the endpoints of the spatid intervas. If a Site
DaaFile is being used, the values supplied here must be within 10 percent
of the corresponding parameter values supplied on that file for the array
SPDSTS.

Note to user - The spacing between adjacent spatid intervals should be at least 0.1 km.

lExampIe Use

* SPATI AL ENDPO NT DI STANCES | N KI LOVETERS

*

GESPAENDOO1 0.16 0.52 1.21 1.61 2.13

GESPAENDOO02 3.22 4.02 4.83 5.63 8. 05
GESPAENDOO3 11. 27 16. 09 20.92 25.75 32.19
GESPAENDO0O4 40. 23 48. 28 64. 37 80. 47 112. 65

GESPAENDOOS 160. 93 241. 14 321. 87 563. 27 804. 67
GESPAENDOOG 1609. 34

Note to user - Elements in the array must be separated by blanks or a comma. The
number of items per card is left to the user's discretion. The sequence
numbers of the record identifiers must be in ascending order.

B.4 Chemical Species (IS) Data

This section defines the chemical species to be modeed and associated modeling
parameters. Vapor and liquid forms of the same chemica must be treated as different chemical

Species.

VaiableName - NUMISO

VaiableType - Integer, Scaar

Allowed Range - 1<=vdue<=10

Explanation - Number of chemica species defined in the moddl. Severd input routines
use this value to determine the number of values to be supplied. The
concentration weights file (DOSDATA.INP) must have weights for each
of the chemica species defined here.
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Example Use

*NUMBER OF CHEM CAL SPECI ES

*

I SNUM SQ001

Variable Name
Variable Type
Allowed Range
Explanation

Variable Name
Variable Type
Allowed Range
Explanation

Variable Name
Variable Type
Allowed Range
Explanation

Variable Name
Variable Type
Allowed Range
Explanation

8

NUCNAM

Character, Array

1<= vdue<=8

Name of the chemicd species, for example, VX-VAP. The user must
supply NUMISO vauesfor thisarray in column one of the data block.

WETDEP

Logicd, Array

.TRUE. or .FALSE.

Logicd flag that indicates for each chemical species whether it is subject to
wet deposition. The user must supply NUMISO values in column two of
the data block.

DRYDEP

Logicd, Array

.TRUE. or .FALSE.

Logicd flag that indicates for each chemical species whether it is subject to
dry deposition. The user must supply NUMISO vaues in column three of
the data block.

- SbV

- Red, Array

- 0.<=vdue<=10. (m/s)

- The skin deposition velocity (m/s) for a chemica species. The user must

supply NUMISO vauesin column four of the data block.

Example Use of NUCNAM, WETDEP, DRYDEP, and SDV:

*

*

*

| SOTPGRPO01
| SOTPGRP0O02
| SOTPGRP0O03
| SOTPGRP0O04
| SOTPGRPO05
| SOTPGRP0O06
| SOTPGRPO0O7
| SOTPGRPO08

B.5 Wet Deposition Data

76

CHEM CAL SKI' N DEP.
SPECI ES WETDEP  DRYDEP  VELOCI TY
GA-LIQ . TRUE. . TRUE. 0.01
GB-LIQ . TRUE. . TRUE. 0.01
VX-LI Q . TRUE. . TRUE. 0.01
HD- LI Q . TRUE. . TRUE. 0.01
GA- VAP . TRUE. . TRUE. 0.01
GB- VAP . TRUE. . TRUE. 0.01
VX- VAP . TRUE. . TRUE. 0.01
HD- VAP . TRUE. . TRUE. 0.01

Incorporated in chemica species data



B.6 Dry Deposition Data

Incorporated in chemica species data
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B.7 Dispersion Parameter (DP) Data

The Gaussan plume modd of amospheric disperson uses spatidly dependent
disperdgon parameters, sgmary and Sgma-z. Sigmay and sgma-z are functions of the form:

sigmay = CYSIGA (X) ** CYSIGB, and
sigma-z = CZSIGA (X) ** CZSIGB,

where sgmay, Sgma-z, and X (the downwind distance from the source), are dll in meters.

VaiadbleName - CYSIGA

Variable Type Red, Array

Allowed Range - 1.E-35 <= vdue <=10.

Explanation The linear term of the expression for sgmay. The user must
supply sx vadues of CY SIGA, one for each of the six Pasquill-
Gifford stahility classes (classes A through F).

ExanpleUse -
*LI NEAR TERM OF THE EXPRESSI ON FOR SI GVA-Y, 6 STABILITY CLASSES
*

*STABI LI TY CLASS: A B C D E F

DPCYSI GA0OO1  0.3658 0.2751 0.2089 0.1474 0.1046 0.0722
VaiableName - CYSIGB

VaiableType - Red, Array

Allowed Range - 1.E-35 <= vdue<=10.

Explanation - The exponentid term of the expresson for gmay. Theuser must

supply six vaues of CY SIGB, onefor each of the sx Pasquill-
Gifford stahility classes (classes A through F).

ExanpleUse -
*LI NEAR TERM OF THE EXPRESSI ON FOR SI GVA-Y, 6 STABILITY CLASSES

*

*STABI LI TY CLASS: A B C D E F

*

DPCYSI GB001 0.9031 0.9031 0.9031 0.9031 0.9031 0.9031

VaiableName - CZSIGA

VaiableType - Red, Array

Allowed Range - 1.E-35 <= vdue <=10.

Explanation - Thelinear term of the expresson for sgma-z. The user must
supply sx vaues of CZSIGA, onefor each of the sx Pasquill-
Gifford stahility classes (classes A through F).

ExanpleUse -

*LI NEAR TERM OF THE EXPRESSI ON FCR SIGVA-Z, 6 STABILITY CLASSES

*STABILITY CLASS: A B C D E F

DPCZSI GAOO1 2.5E-4 1.9E-3 0.2 0.3 0.4 0.2

VaiableName - CZSIGB
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VaiableType - Red, Array
Allowed Range - 1.E-35 <= vdue <=10.

Explanation - The exponential term of the expresson for Sgmaz. The user must supply
gx vaues of CZSIGB, one for each of the sx Pasquill-Gifford stability
classes (classes A through F).

ExanpleUse -

*LI NEAR TERM OF THE EXPRESSI ON FOR SI GVZ-Y, 6 STABI LI TY CLASSES

*

*STABI LI TY CLASS: A B C D E F

*

DPCZSI GB001 2.125 1.6021 0.8543 0.6532 0.6021 0.6020

VaiableName - YSCALE

VaiadbleType - Red, Scda

Allowed Range - 0.01 <=vaue<=100.0

Explanation - A linear scaling factor which is applied to the formula used for caculating
sgmay. Itisjust a convenient method for adjusting dl the linear factors
(CYSIGA) by a congtant multiplicative factor.

ExanpleUse -

*LI NEAR SCALI NG FACTOR FOR SI GVA-Y FUNCTI ON, NORVALLY 1
*
DPYSCALEOO1 1.

VaiableName - ZSCALE

VaiadbleType - Red, Scda

Allowed Range - 0.01 <=vaue<=100.0

Explanation - A linear scaling factor which is applied to the formula used for caculating
sgmaz. Itisnormaly used to adjust the vertical dispersion parameters to
take account of surface roughness.

ExanpleUse -

*LI NEAR SCALI NG FACTOR FOR Sl GVA-Z FUNCTI ON,

*NORMALLY USED FOR SURFACE ROUGHNESS LENGTH CORRECTI ON.

*(Z1 / Z0)**0.2, FROM CRAC2 WE HAVE (10 CM/ 3 CM**0.2 = 1. 27
*

DPZSCALE0O1  1.27
B.8 Plume Meander (PM) Data

In order to account for the effects of meander during transport of the plume, an
expanson factor, EXPFAC, is calculated which serves to widen the plumes in the cross-wind
direction. It acts as a linear factor on sgma-y during the caculation of ¢/Q, but it does not
affect the rate of growth of sgmay. A two-part function isused. The expansion factors used
for different plume segments are independent of each other. If the release duration of the
plume segment is less than or equa to BRKPNT, then the following formulawill be used,

EXPFAC = (plume-segment-release-duration / TIMBAS) ** XPFACL.

If the plume segment duration exceeds BRKPNT, then a different factor is used for the
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exponent of the function,
EXPFAC = (plume-segment-release-duration / TIMBAS) ** XPFAC2.

In both expressons, the duration of the plume segment islimited to 10 hr. A warning is printed
on the output ligting if the user specifies arelease duration exceeding 10 hr.

VaidbleName - TIMBAS
VaiableType - Red, Scaar
Allowed Range - 60. <= vaue <= 36000. ()

Explanation - The time based associated with the parameterization of the plume meander
adjustment factor (S).

ExanpleUse -

*TI ME BASE FOR EXPANSI ON FACTOR ( SECONDS)

PMTI MBASOO1  600. (TEN M NUTES)

VaiadbleName - BRKPNT

VaiadbleType - Red, Scda

Allowed Range - 60. <= vaue <= 36000. ()

Explanation - The time breskpoint in the formula used for calculating the plume meander
expangon factor (). If the release duration is less than or equd to this
value, the first formulaiis used. If the release duration exceeds this vaue,
the second formulais used.

ExanpleUse -

* BREAKPO NT FOR FORMULA CHANCE ( SECONDS)

*

PMBRKPNT001 3600.

VaiadbleName - XPFAC1

VaiadbleType - Red, Scda

Allowed Range - 0.01 <=vdue<=1.

Explanation - The exponentid factor used in caculating the plume meander expansion
factor for releases having durations that are less than or equa to BRKPNT.

ExanpleUse -

*EXPONENTI AL EXPANSI ON FACTOR NUMBER 1

*

PMXPFAC1001 0.2

VaiadbleName - XPFAC2

VaiadbleType - Red, Scda

Allowed Range - 0.01 <=vdue<=1.

Explanation - The exponentid factor used in caculating the plume meander expansion
factor for releases having durations that are greater than BRKPNT.

ExanpleUse -

*EXPONENTI AL EXPANSI ON FACTOR NUMBER 2



*

PMXPFAC1001 0. 25

B.9 Plume Rise (PR) Data

The CHEM_MACCS plume rise model is the same as that incorporated into MACCS.
There are three basic components of the MACCS plume rise moddl: (1) entrainment of
buoyant plumesin building wake, (2) plume rise under unstable and neutra conditions (classes
A through D), and (3) plume rise under stable conditions (classes E to F). These component
models are described in the MACCS Model Description? The individua numeric coefficients
utilized by these models are hard wired into the code with no provison for their modification
by the user.

While it is not possible for the user to vary the individua coefficients utilized by the
three components of the plume rise modd, it is possble to modify their end result by the
gpecification of linear scaling factorsthat are described in this section.

VaiableName - SCLCRW

VaiadbleType - Red, Scda

Allowed Range - 0.01 <= vaue <= 100.

Explanation - Linear scaling factor on the criticd windspeed used in determining if
buoyant plumes will be trapped in the turbulent wake of the building
complex. Parameter values less than 1 make plume rise less likely to occur
because plume liftoff occurs only if the ambient windspeed at the time of
rdease is less than the calculated critical windspeed. If there is a need to
ignore the effect of building wake entrainment, this can be achieved by
setting SCLCRW to its maximum alowable vaue.

ExanpleUse -

*SCALI NG FACTOR FOR THE CRI TI CAL W NDSPEED FOR ENTRAI NMVENT OF A BUOYANT
* PLUME

*(USED BY FUNCTI ON CAUGHT)

*

PRSCLCRW01 1.

VaiableName - SCLADP

VaiadbleType - Red, Scda

Allowed Range - 0.01 <=vaue<=100.0

Explanation - Linear scding factor on the plume rise formula used for determining the
amount of plume rise that will occur when unstable or neutra atmospheric
conditions occur (classes A through D).

ExanpleUse -

*SCALI NG FACTOR FOR THE A-D STABI LI TY PLUME RI SE FORMULA
*(USED BY FUNCTI ON PLMRIS)
*

PRSCLADP0O01 1.
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VaiableName - SCLEFP

VaiadbleType - Red, Scda

Allowed Range - 0.01 <=vaue<=100.0

Explanation - Linear scding factor on the plume rise formula used for determining the
amount of plume rise that will occur when atmospheric conditions occur
(classesEand F).

ExanpleUse -

*SCALI NG FACTOR FOR THE E-F STABILITY PLUME RI SE FORMULA
*(USED BY FUNCTI ON PLMRI S)
*

PRSCLEFP0O01 1.

B.10 Wake Effects (WE) Data

Theinitid sze of the plume is determined by the width and height of the building wake.
Sgmay isinitidized to width/4.3, and Sgma-z is initidlized to height/2.15. The height of the
building wake is dso used to determine if the plume is entrained in the turbulent region
surrounding the building. Consequently, in addition to determining the initid plume sze, the
wake height is utilized in the determination of whether buoyant plume rise will occur.

VaiableName - BUILDW

VaiadbleType - Red, Scda

Allowed Range - 1.0 <=vaue <= 1000.0 (m)
Explanation - Definesthe width of the building wake.
ExanpleUse -

*BUI LDI NG W DTH ( METERS)
*
VEBUI LDW01 40.

VaiableName - BUILDH

VaiadbleType - Red, Scda

Allowed Range - 1.0 <=vaue <=1000.0 (m)
Explanation - Définesthe height of the building wake.
ExanpleUse -

*BUI LDI NG HEI GHT ( METERS)
*
VEBUI LDHOO01 50.

B.11 Release Description (RD) Data

ATMOS can handle multiple plume segments in order to treat releases with
compostions that vary with time. The plume segments that comprise a release can be
separated by atime gap, or can directly follow the preceding segment, but they are not allowed
to overlap. The plume segments can be released at different heights, have different hest
contents, and have different directions, but they must al share the same initid depostion
velocity digtribution.
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CHEM_MACCS incorporates the capability for calculating the consequences from up
to 60 different source terms in a Sngle run of the code. This is accomplished by appending
"change cards’ to the ATMOS User Input File. The first source term is defined in the main
body of the ATMOS User Input File. Up to 59 additiona source terms can be defined through
change card sets pogitioned at the end of thefile.

The ddlimiter used to separate the change card setsis a period (.) in column one. The
end of the file is dso sgnified by a period in column one.  All of the CHEM_MACCS User
Input Files must end with a period in column one. The sample ATMOS user inpuit file listed in
Appendix D of the MACCS User's Guide illustrates the use of change cards.

Change cards in the ATMOS user input file are used solely to modify the previoudy
specified Release Description (RD) Data. I items from another data block appear in the
change cards, they will be ignored. Each set of change cards must include a new vaue of
ATNAM2, atext field describing the source term. Also, each set of change cards must specify
achangein a least one of the numeric input variables described in this data block.

VaiableName - ATNAM2

VaiableType - Character, Scaar

Allowed Range - 1 <=length <=80

Explanation - Identifies the name of the source term being studied. This name will be
printed on al pages of the output listing. A unique name must be specified
for each source term.

ExanpleUse -

* SPECI FI C DESCRI PTI VE TEXT DESCRI BI NG TH S PARTI CULAR SOURCE TERM
*
RDATNAM2001 ' CHEM MACCS EXAMPLE SOURCE TERM M X

Variable Name OALARM
Vaiable Type Red, Scdar
Allowed Range - 0. <= vaue <= 604800. seconds (one week)

Explanation - Defines the time a which natification is given to offgte emergency
response officias to initiate protective measures for the surrounding
population. This time is a function of the accident sequence. It is
measured from accident initiation.

ExanpleUse -

* TIME AFTER ACCI DENT | NI TI ATI ON WHEN THE ACCI DENT REACHES GENERAL

* EMERCENCY CONDITIONS (AS DEFINED IN NUREG 0654), OR WHEN PLANT
PERSONNEL

* CAN RELIABLY PREDI CT THAT GENERAL EMERGENCY CONDITIONS WLL BE
ATTAI NED

*

RDOALARMDO1 1300. (s)

VaiableName - NUMREL
VaiableType - Integer, Scaar
Allowed Range - 1<=vdue<=4



Explanation - Defines the number of plumes that will be released. If the multiple source
term feature is being used, it is not possble to provide a larger vaue for
NUMREL in the change cards than the value that was defined initialy.
That is, the values of NUMREL specified on change cards cannot be larger
that the value of NUMREL specified for the base case.

ExanpleUse -

* NUVBER OF PLUME SEGVENTS THAT ARE RELEASED

RDNUMVREL001 2

VaiableName - MAXRIS

VaiableType - Integer, Scaar

Allowed Range - 1 <=vaue<=NUMREL

Explanation - Specifies which plume segment is to be consdered risk dominant. The
selection of the risk-dominant plume is usually based on its potentid for
causng early fatdities. Release of the risk-dominant plume aways begins
at the selected meteorologica start time of the westher sequence.

ExanpleUse -

* SELECTI ON OF RI SK DOM NANT PLUME

*

RDVAXRI S001 1

VaiableName - REFTIM

VaiableType - Red, Array

Allowed Range - 0.<=vaue<=1

Explanation - Specifies the representative time point of each plume segment. (0.=leading
edge, 0.5=midpoint, 1.=trailing edge). The characteristics of a plume are
uniform aong its length. This parameter dlows the user to locate the
contents of the plume in a "bucket" of materia Stuated at some point
within the plume's length. The dry depostion, and dispersion caculations
are dl performed asif the entire contents of the plume segment are located
at thispoint. The user must supply NUMREL values of REFTIM, one for
each plume segment. The choice of REFTIM has no impact on the wet
deposition calculations since those are performed as if the entire contents of
the plume are uniformly distributed dong its length.

ExanpleUse -

* REPRESENTATI VE TI ME PO NT FOR DI SPERSI ON

RDREFTI MDO1 0. 00 0. 50 ( CORRESPONDI NG TO HEAD AND M DPO NT WEATHER)

VaiableName - PLHEAT

VaiableType - Red, Array

Allowed Range - 0.<=value<=1.E10 (W)

Explanation - Specifies the release rate of sensble heat in each plume segment. This

quantity should be cdculated as the anount of sengble heat in the plume
segment divided by the duration of the plume segment. The vaue specified



here is used to determine the amount of buoyant plume rise that will occur.
The user must supply NUMREL vaues of PLHEAT, one for each plume
segment.

ExanpleUse -

* HEAT CONTENT OF THE RELEASE SEGVENTS (W

* A VALUE SPECI FI ED FOR EACH OF THE RELEASE SEGVENTS
*

RDPLHEAT001 3. 7E+6 1. 7E5
VaiableName - PLHITE
VaiableType - Red, Array

Allowed Range - 0.<=vaue<=1000. (m)

Explanation - Specifies the height above ground level a which each plume segment is
released. The user must supply NUMREL vaues of PLHITE, one for
each plume segment.

ExanpleUse -

* HEI GHT OF THE PLUME SEGVENTS AT RELEASE (M
* A VALUE SPECI FI ED FOR EACH OF THE RELEASE SEGVENTS
*

RDPLHI TE0O1 0. 0.

VaiableName - PLUDUR

VaiableType - Red, Array

Allowed Range - 60. <=vaue<=86400. s(ONE DAY)

Explanation - Specifies the duration in seconds of each plume segment. The user must
supply NUMREL vaues of PLUDUR, onefor each plume segment.

ExanpleUse -

* DURATI ON OF THE PLUME SEGVENTS (S)
* A VALUE SPECI FI ED FOR EACH OF THE RELEASE SEGVENTS
*

RDPLUDUR001 1800. 22000.

VaiableName - PDELAY

VaiableType - Red, Array

Allowed Range - 0.<=value<=345600. s(4DAYYS)

Explanation - Specifies the start time of each plume segment in seconds from the time of
accident initiation. The user must supply NUMREL values for PDELAY,
onefor each plume segment.

ExanpleUse -

* TIME OF RELEASE FOR EACH PLUVE SEGMENT (s FROM ACCI DENT | NI Tl ATI ON)

*

RDPDELAY001 3700. 10000.

VaiableName - PSDIST
Variable Type Red, Array
Allowed Range - 0.<=vaue<=1

Explanation

Specifies the fraction of the released materid dlocated to each of the dry



Example Use

depogtion velocities. All of the plume segments must use the same initia
dry deposition velocity distribution. The user must use one input record to
specify a dry deposition velocity distribution for each of the NUMISO
chemica species. On each of these input records, the user must dlocate a
fraction of the released mass of each chemica species to each depostion
velocity.

* DEPCSI TI ON VELOCI TY DI STRI BUTI ON OF EACH CHEM CAL SPECI ES
* THE FRACTI ONS FOR EACH CHEM CAL SPECI ES (ROW MJST SUM TO ONE.
*

*
*

RDPSDI ST001
RDPSDI ST002
RDPSDI ST0O03
RDPSDI ST004
RDPSDI STO05
RDPSDI STO06
RDPSDI STO07
RDPSDI STO08

Variable Name
Variable Type
Allowed Range
Explanation

Example Use
*
*
*
*
*
*

RDCORI NVO01
RDCORI NV002
RDCORI NVO03
RDCORI NV004
RDCORI NVO05
RDCORI NVO06
RDCORI NVOO7
RDCORI NVO08

Variable Name
Variable Type
Allowed Range
Explanation

Example Use
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0.001 ni's 0.01 m's
0.0 1.0 (GA-LIQ
0.0 1.0 (GB-LIQ
0.0 1.0 (VX-LIQ
0.0 1.0 (HD-LI Q
1.0 0.0 ( GA- VAP)
1.0 0.0 ( GB- VAP)
1.0 0.0 ( VX- VAP)
1.0 0.0 ( HD- VAP)
CORINV
Red, Array

0. <=vaue<=1.E35 (kg)

Specifiesthe inventory of each chemical speciesthat is available for release.
All of the chemical species that are defined via the NUCNAM array
(Section B.4) must be listed here. The chemica species may be listed in
any order.

I NVENTORY OF EACH CHEM CAL SPECI ES SUBJECT TO RELEASE

CHEM CAL QUANTI TY
SPECI ES RELEASED
(kg)

GA-LIQ 100.
GB-LIQ 50.
VX- LI Q 1.
HD- LI Q 10.
GA- VAP 100.
GB- VAP 50.
VX- VAP 1.
HD- VAP 10.

CORSCA

Red, Scdar

1E-35<=vdue<=1E+35

Thisisalinear scaling factor that can be used to adjust the inventory of al
of the chemica species included in the mode. CORSCA can aso be used
to convert the inventory from one set of units to another, thereby avoiding
the tedium of manudly converting a set of numbers. For example, to
convert from poundsto kilograms, use avaue of 0.4535924 kg/lb.



*  SCALI NG FACTOR TO ADJUST THE QUANTI TY RELEASED
*

RDCORSCA001 1. 000

VaiableName - RELFRC

VaiableType - Red, Array

Allowed Range - 0.<=vaue<=1

Explanation - Specifies the release fractions for each of the plume segments. One record
is provided for each plume segment, and it contains one vaue for each
chemical species.

ExanpleUse -

* RELEASE FRACTI ONS FOR CHEM CAL SPECI ES BY PLUME

L LIQUIDS --------  =--em-n- VAPORS- - - - - - - - - -

* GA €] VX HD GA €] VX HD

* PLUVE:

RDRELFRC001 0.8 1.0 1.0 1.0 0.0 0.0 0.0 0.0

RDRELFRC002 0.2 0.0 0.0 0.0 1.0 1.0 1.0 1.0

B.12 Output Control (OC) Data

The user has the option of looking at tables of disperson data for al of the trids that are
performed. Thisinformation includes air and ground concentrations, Sgmay and

sgma-z vaues, and the arrivad and departure times for each plume segment at each spatid
interval. Then data are written to the standard output file (unit 6).

Variable Name ENDAT1
Variable Type Logicd, Scdar
Allowed Vadue - .TRUE. or .FALSE.

Explanation - Control flag that alows the user to execute only the ATMOS module. A
vaue of .TRUE. tdls the code that EARLY will not be run. When thisis
done, the User Input Files for EARLY and a Site Data File need not be
supplied.

ExanpleUse -

*FLAG TO | NDI CATE THAT THIS | S THE LAST PROGRAM I N THE SERI ES TO BE RUN
*
OCENDAT1001 .FALSE. (SET THI'S VALUE TO . TRUE. TO SKI P EARLY)

VaiableName - IDEBUG

VaiableType - Integer, Scaar

Allowed Range - O0<=vdue<=8

Explanation - Specifies the quantity of debug output to be printed. For norma runs,

IDEBUG should be set to zero (i.e, no debug output is printed). |If
IDEBUG is set to one or two, a print of the atmospheric transport results
described below will be generated for each westher trid and each plume
segment.  If IDEBUG is set to a vaue of three or more the hourly
meteorological data that were used for each weather trid will dso be
printed.
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The debug output for atmospheric trangport prints the results described bel ow.

NUCNAM - name of the chemica speciesfor which results are being presented,

DISTANCE - distance to the center of the spatid interva (m),

GL AIRCON - centerline ground-level integrated ar concentration from this plume
segment averaged over the spatid interval's length (kg-s/m?),

GRNCON - centerline ground concentration after passage of this plume averaged over
the spatia interva's length (kg/m?),

GL X/Q - centerline ground level chi over Q (c/Q), ratio of ar concentration, chi, to
source strength Q, in Sl units, averaged over the interva's length,

WETREM - fraction of materid remaining in the plume segment after wet deposition
over the spatia interva's length,

DRYREM - fraction of materid remaining in the plume segment after dry deposition
over the spatia interva's length,

REMINV - adjusted source strength of the plume upon entering each spatial interval
after adjustment for losses in the previous intervas due to wet and dry
deposition (kg),

PLIIGY - horizontd disperson parameter Sgmary averaged over the spatid interva's
length (m),

PLSIGZ - horizontd disperson parameter sigma-z averaged over the spatid interva's
length (m),

WEATHER - indices to the firs and lat hours of the weeather sequence used for
determining atmospheric conditions during transport across each spatia
interval,

HTFCTR - ratio of the centerline ground-level air concentration (z=0) to the plume
centerline ar concentration (z=H),

AVGHIT - average height (H) of the plume asit traversed the spatid interva (m),

TIMCEN - time after accident initiation a which the leading edge of the plume arrived
at the center of the spatid interva (9),

TIMOVH - duration for which the plume was overhead at the centerpoint of the spatial
interva (s).

ExanpleUse -

OCl DEBUX01 1 ( REQUEST A TRACE OF ATMOSPHERI C DI SPERSI ON)

VaiableName - NUCOUT

VaiableType - Character, Scaar

Allowed Range - 3<=length<=8

Explanation - Specifies which chemicd species will gopear on the dispersion ligting if one
isproduced. The disperson listing is only produced if IDEBUG is greater
than zero. The specified chemica species name must appear on the
previoudy defined list of chemica species, NUCNAM, defined in Section
6.4. Thisitemisonly required if IDEBUG is greater than zero.

ExanpleUse -
*NAME OF THE CHEM CAL SPECI ES TO BE LI STED ON THE DI SPERSI ON LI STI NGS
OCNUCOUT001 ~ GA- VAP



B.13 Meteorological Sampling (M1) Specification

There are five options available to the user for specifying the weather data that will be
used by ATMOS. The code can be used to run ether a sngle weather sequence or multiple
wesather sequences.

If a sngle weather sequence is desired, there are three ways to specify the wesather.

The user can ether (1) specify data for 120 hr of weather on the ATMOS User Input File, (2)
specify agtarting day and hour in the weather datafile for the weather sequence, or (3) specify
constant wegther conditions. For the specified starting day and hour option, the program will
obtain 120 hr of wesather data from the weather file beginning at the specified date and time. A
file of hourly weather data covering a period of 1 year (8,760 hr) is required if the fixed Sart
time or either of the weather sampling options are to be used. The format of this file is
described in Appendix D.

The two methods of weather sampling are (1) a modified verson of the weather bin
sampling method used by CRAC2" and (2) a dratified purely random sampling approach.

The weather bin sampling method sorts weather sequences into categories and assigns
a probability to each according to their initid conditions (windspeed and stability class) and the
occurrence of rain (intendty and distance). Because the rain bins depend on rain intendity as
wdll as the downwind distance a which rain occurs, the user is required to supply parameters
defining the rain weather bins as part of the ATMOS User Input File. The definitions of the
other weather bins, those defined by initid stability class and windspeed, are hard wired in the
code. The definitions of those initid condition westher bins are not the same as used in
CRAC2. In addition to changing the breakpoints used to categorize windspeed, the windspeed
dowdown bins of CRAC2 have been removed. A description of the MACCS westher
sampling agorithm can be found in the MACCS Modd Description.

The dratified random sampling method alows the user to sample weather from each
day of the year after divison of each day into one, two, three, or four equal time periods. Each
wesather sequence salected is considered to have the same probability of occurrence, that is,

1
total selected samples

Because of the flexibility that ATMOS affords in the specification of the geometric grid, it is
necessary to guard againgt the possibility of running out of weather data. 1t is possible that 120
hr of weather may not suffice to carry dl the plume segments out to the last spatia interval.
Also, the user may wish to cause the occurrence of rain in the outermost spatid intervals in
order to prevent chemica species from escaping consderation. For these reasons, the user
must specify aset of boundary weather conditions.

Depending on the options selected by the user, different data items will be required by
ATMOS.
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VaiableName - METCOD
VaiableType - Integer, Scaar
Allowed Range - 1<=vdue<=5
Explanation - Meteorologica sampling option code:
1 - fixed art time in the wegther file (day,hr),
2 - weather bin sampling,
3- 120 hr of weather supplied by the user,
4 - constant weather conditions (use boundary wegther),
5 - dratified random westher sampling from each day of the year.
ExanpleUse -

*METEOROLOG CAL SAMPLI NG OPTI ON CODE:
*
MLMETCCDO01 2

B.14 Boundary Weather (M2) Data

Boundary Wesather Data are required for al possible vaues of METCOD. This data
block specifies the weather conditions that will be used if 120 hr of recorded westher data do
not transport the last plume through the limiting spatid interval for measured wegther,
LIMSPA. The boundary wegather data are aso used for predicting the behavior of the plume at
al spatid intervals beyond LIMSPA.

For the case of congtant weather, METCOD-4, the boundary wesather data in this
section determine the constant weather conditions that will be used. The boundary wesather is
used throughout the atmospheric caculaions and the value of LIMSPA is ignored by the
program in this case.

VaiableName - LIMSPA

VaiableType - Integer, Scaar

Allowed Range - 0<=vdue<=NUMRAD

Explanation - Thisis the limiting spatid interval for use of recorded westher data.  All
gpatid intervas beyond this spatia interval will use the boundary wegther
conditions specified below. If a vaue of zero is specified, then the
boundary wegther conditions will be used right from the sart. If
METCOD-4, the value of LIMSPA isignored.

ExanpleUse -

*LAST SPATI AL | NTERVAL FOR MEASURED WEATHER
*
MeLI MSPAOO1 25

VaiableName - BNDMXH

VaiadbleType - Red, Scda

Allowed Range - 1.E2 <=vaue<=1E4(m)

Explanation - Thisis the mixing layer height that will be used for the boundary westher

conditions.
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ExanpleUse -
* BOUNDARY WEATHER M XI NG LAYER HEI GHT
M2BNDMXHOO1 1000. ( METERS)

VaiableName - IBDSTB

VaiableType - Integer, Scaar

Allowed Range - 1<=vdue<=6

Explanation - This is the gtability class that will be used for the boundary westher
conditions. Theintegers 1 through 6 represent Pasquill-Gifford — stability
classes A through F, respectively.

ExanpleUse -

* BOUNDARY VEATHER STABI LI TY CLASS | NDEX

M2l BDSTBOO1 1 (A- STABI LI TY)

VaiableName - BNDRAN

VaiadbleType - Red, Scda

Allowed Range - 0.<=vaue<=99. (mm/hr)

Explanation - Thisistherain rate that will be used for the boundary westher conditions.
ExanpleUse -

* BOUNDARY WEATHER RAI N RATE

M2BNDRANOO1 0. (0 MM HR = NO RAI N)

VaiableName - BNDWND

VaiadbleType - Red, Scda

Allowed Range - 0.5<=vadue<=30. (m/9)
Explanation This is the wind speed that will be used for the boundary weather
conditions.

ExanpleUse -
* BOUNDARY WEATHER W ND SPEED

*

MBNDWNDOO1 0.5 (M S)

B.15 Fixed Start Time (M3) Data

The data in this section must be supplied for dl vaues of METCOD except
METCOD-2 (meteorologica bin sampling), and METCOD-5 (stratified random sampling).

If the user has chosen METCOD=1, the values of ISTRDY and ISTRHR specify the
garting day and hour in the weether file of the single weeather trid that will be performed.

VaiableName - ISTRDY

VaiableType - Integer, Scaar

Allowed Range - 1 <=vadue<=365

Explanation - Thisistheday in the year on which the westher sequenceisto begin.
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ExanpleUse -
*START DAY OF THE WEATHER SEQUENCE
MBI STRDYOO1 152

VaiableName - ISTRHR

VaiableType - Integer, Scaar

Allowed Range - 1<=vdue<=24

Explanation - Thisisthe hour of the day on which the westher sequenceisto begin.

ExanpleUse -
*START HOUR OF THE WEATHER SEQUENCE

*

M3l STRHROO1 17

B.16 Meteorological Bin Sampling (M4) Data

The data in this section must be supplied if the user chooses METCOD=2. This
sampling method requires that the meteorological data be sorted into a set of weather bins.
The bins are defined to represent rain conditions in different distance intervals downwind from
the accident site together with sixteen bins for the initia conditions (stability class and wind

speed).

Definition of the rain intengties and distance intervas that define the rain bins is the
respongbility of the user. The user must specify ether two or three rain intensities which are
used as breakpoints in the categorization of rain rate (NRINTN). A rainintengty of zero is not
dlowed. For example, if the user specifies two rain intensity breskpoints of 1 mm/hr and 4
mm/hr, the following three rain intendity bins, where x isthe rain intensity, will result:

1. Omm/hr < x <1 mm/hr,
2. 1 mm/hr < x <4 mmv/hr,
3. 4mm/hr < x.

The concept of rain distance intervals used in MACCS is amilar to that used by
CRAC2 but MACCS requires that the user specify the rain distances to be used in the weather
categorization.** Suppose the user specifies 2, 4, 8, and 16 km as four distance intervals
(NRNINT). Then these values define the following four rain distance intervas.

1. 0 km <= distance of first rain occurrence <= 2 km,
2. 2 km <= distance of first rain occurrence <= 4 km,
3. 4km <= distance of first rain occurrence <= 8 km,
4, 8 km <= digtance of first rain occurrence <= 16 km.

The total number of weather bins, N, is determined by the expression:
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N = NRNINT * (NRINTN + 1) + 16

where NRNINT is the number of disance intervals and NRINTN is the number of rain
intensity breakpoints. Thus, the tota number of defined bins can range from twenty-eight to

forty depending on the values supplied by the user.

The sixteen initiad condition weather bins are hard wired into the code as follows:

METBIN STABILITY
1 A/B
2 A/B
3 C/D
4 C/D
5 C/D
6 C/D
7 C/D
8 C/D
9 E
10 E
11 E
12 E
13 F
14 F
15 F
16 F

WINDSPEED (u)

Om/s<u<=3m/s
3m/s<u

Om/s<u<=1m/s
lm/s<u<=2m/s
2m/s<u<=3m/s
3m/s<u<=5m/s
S5m/s<u<=7m/s
7m/s<u

Om/s<u<=1m/s
lm/s<u<=2m/s
2m/s<u<=3m/s
3m/s<u

Om/s<u<=1m/s
lm/s<u<=2m/s
2m/s<u<=3m/s
3m/s<u

Note that the definition of the initid condition weather categories is not the same as that used
by CRAC2. Also, MACCS does not consder windspeed dowdowns in the weather

categorization.

The user controls how many weather sequences are chosen from each weether bin by
the choice of a vaue for NSMPLS, defined later in this section. This can be done in two
different ways. ether (1) request that the same number of weather sequences are to be chosen
from each bin and specify the number of sequencess NSMPLS, to be sdected
(1<=NSMPLS<=10), or dse (2) specify a nonuniform sampling from the categories

(NSMPL S=0) as defined below.
VaiadbleName - NRNINT
VaiableType - Integer, Scdar
Allowed Range - 4<=vdue<=6

Explanation

Defines the number of ran digance intervas used in the weather
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categorization.

ExanpleUse -
*NUMBER OF RAI N DI STANCE | NTERVALS FOR Bl NNI NG
*

MANRNI NTOO1 5

VaiableName - RNDSTS

VaiableType - Red, Array

Allowed Range - 0.001 <= value <= 99.9 (kilometers)

Explanation - Defines the rain distance interval endpoints to be used for the weather
categorization. These distance values must lie within 10% of the spatia
interva endpoint distances (variable SPAEND in Section 6.3), i.e,
0.9*SPAEND(i) <= RNDSTS(j) <= 1.1* SPAEND(i), for each j and some
vaue of i. The user must supply NRNINT unique vaues in ascending
order.

ExanpleUse -

*ENDPO NTS OF THE RAI N DI STANCE | NTERVALS ( KI LOVETERS)
*NOTE: THESE MUST BE CHOSEN TO MATCH THE SPATI AL ENDPO NT DI STANCES
* SPECI FI ED FOR THE ARRAY SPAEND (10 PERCENT ERROR IS ALLOWED) .

*

MARNDSTS001 3.22 5.63 11.27 20.92 32.19 KM

VaiadbleName - NRINTN

VaiableType - Integer, Scaar

Allowed Range - 2<=vdue<=3

Explanation - Defines the number of rain intengty breakpoints to be used for the weather
categorization.

ExanpleUse -

*NUMBER OF RAI'N I NTENSI TY BREAKPO NTS

*

MANRI NTNOO1 3

VaiableName - RNRATE

Variable Type Red, Array

Allowed Range - 0.001 <= vaue <= 100.0 (mm/hr)

Explanation Defines the rain intengty breskpoints. The user must supply NRINTN
different valuesin ascending order.

ExanpleUse -
*RAI N | NTENSI TY BREAKPQO NTS FOR WEATHER BI NNI NG (M LLI METERS PER HOUR)

*

MARNRATEOO1 2. 4. 6.

VaiableName - NSMPLS

VaiableType - Integer, Scaar

Allowed Range - 0<=vdue<=10

Explanation - Defines the number of westher sequences to be chosen from each of the

wegather category bins. If the user supplies a vaue of zero, the following
data records alow the user to specify how many samples are to be chosen



Example Use

from each bin.

*NUMBER OF SAMPLES PER BI N

*

MANSMPLS001

Variable Name
Variable Type
Allowed Range

Explanation

Example Use

4 (TH'S NUMBER SHOULD BE SET TO 4 FOR RI SK ASSESSMENT)

IRSEED
Integer, Scalar
0<=vdue<=255

Defines the initid seed of the random number generator. Changes to this
vaue will cause different weather sequences to be sdected. The random
number generator of MACCS is included in the FORTRAN source code
and therefore runs made on different types of computers should select
identical sets of weather sequences.

*I' NI TI AL SEED FOR RANDOM NUMBER GENERATCOR
*

Mdl RSEEDOO1

79

Note: thefollowing cardsin this section are only needed if NSMPLS=0.

VaiableName - NSBINS

VaiableType - Integer, Scaar

Allowed Range - 1 <=vdue<= N, tota number of westher bins

Explanation - Deéfines the list of westher bins from which weeather sequences are to be
sdlected. The user must supply NSBINS values in column one of the data
block. In order to find the index number to arain bin, please refer to the
page of the output listing with the title "METEOROLOGICAL BIN
SUMMARY ."

VaiableName - INWGHT

Vaiable Type - Integer, Array

Allowed Range - 1 <=vaue <= 8760

Explanation - Defines the number of wesather sequences the user would like to be
slected from the specified weather bin. If the requested number of
sequences cannot be found, the code will sdect al of the sequences in the
specified bin. The user must supply NSBINS values in column two of the
data block.

ExanpleUse -

* BI N NUMBER SAMPLE SI ZE

* | NDXBN | NWGHT

MASMPLDFO01 3 8

MASMPLDF002 4 16

MASMPLDF003 5 12
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MASMPLDF004
MASMPLDFO05
MASMPLDFO06

6
7
8

EEE

B.17 User-Supplied Weather Sequence (M5) Data

The data in this section must be supplied if the user chooses METCOD=3. There must
be one data card for each hour of westher in the sequence. The five arrays in this section are
supplied in ablock of data as columns.

Variable Name
Variable Type
Allowed Range
Explanation

HRMXHT

Red, Array

1E2 <=length<=1.E4 (m)

These are the mixing layer heights in meters that will be used for the single
trial. The user must supply 120 vaues of ISTAB in column one of the data
block.

Note: The atmospheric disperson model currently being used cannot accommodate a
mixing layer height that varies with time during awesther sequence. Thesingle
vaue of mixing height which will be used in the atmospheric modd is the largest
vaueinthefollowing set of vaues: the 120 vaues supplied here, and the
boundary weather mixing layer height, BNDM XH.

Variable Name
Variable Type
Allowed Range
Explanation

Variable Name
Variable Type
Allowed Range
Explanation

Variable Name
Variable Type
Allowed Range
Explanation

9%

IHRSTB

Integer, Array

1<=vdue<=6

Defines the gtability classes that will be used for the gngle trid. The
integers 1 through 6 represent the Pasquill-Gifford stability classes A
through F. The user must supply 120 vaues of ISTAB in column two of
the data block corresponding to each of the 120 hr in the westher
sequence.

HRRAIN

Red, Array

0.0<=vadue<=99.0 (mm/hr)

Definesthe rain rates that will be used for the sngletrid. They aregivenin
units of millimeters per hour. The user must supply 120 values of RNMM
in column three of the data block.

HRWNDV

Red, Array

0.5<=vdue<=30.0 (m/s)

Defines the wind speed that will be used for the singletrid. They are given
in units of meters per second. The user must supply 120 vaues of



WINDSP in column four of the data block.

VaiableName - IHRDIR

VaiableType - Integer, Array

Allowed Range - 1<=vdue<=16

Explanation - Defines the wind direction that will be used in the single trid. They are
given as integers corresponding to the wind directions north through north-
northwest. The user must supply 120 vadluesof  IHRDIR in column five
of the data block.

ExanpleUse -

*120 HOURS OF WEATHER EXPLI CI TLY SPECI FI ED BY THE USER
*(THIS DATA I S ONLY PROCESSED | F METCOD | S SET TO 3)
*

* HRVXHT IHRSTB HRRAIN  HRWNDV | HRDIR
MbMETDATO001 1000. 4. 0. 3.4 2
MbMETDAT002 1000. 3. 0. 4.6 4
MbMETDATO03 1000. 4. 0. 3.8 3

and | i kewi se for a total of 120 data cards

MBMETDAT120  1000. 2. 0. 5.4 8

References

1 D. I. Chanin, J. L. Sprung, L. T. Ritchie, and H-N Jow, MELCOR Accident
Consequence Code System (MACCS) User's Guide, NUREG/CR-4691, SANDS86-
1562, Vol.1, Sandia Nationa Laboratories, Albuquerque, NM, February 1990.

2. H-N Jow, J. L. Sprung, J. A. Rallgtin, L. T. Ritchie, and D. I. Chanin, MELCOR
Accident  Consequence Code  System (MACCS), Model Description,
NUREG/CR-4691, SANDS86-1562, Vol. 2, Sandia National Laboratories,
Albuquerque, NM, February 1990.

3. JA. Rallgtin, D.I. Chanin, and H-N Jow, MELCOR Accident Consequence Code
System (MACCS), Programmer's Reference Manual, SandiaNational Laboratories,
Albuquerque, NM, NUREG/CR-4691, Val. 3, SAND86-1562, February 1990.

4. L. T. Ritchie, et d., CRAC2 Model Description, NUREG/CR-2552, SAND82-0342,
SandiaNational Laboratories, Albuquerque, NM, 1984.

97



APPENDIX C
Early Input File
C.1 Introduction

The EARLY module models the time period immediately following an accident. This
period is commonly referred to as the emergency phase. It may extend up to 1 week after the
ariva of thefirst plume a any downwind spatid interval. The user may specify scenarios that
make use of evacuation, sheltering, and dose-dependent relocation.  Results can be caculated
for combinations of scenarios weighted ether by time fractions (frequencies of occurrence) or
population fractions (fraction of the population engaging in the specified behavior).

The EARLY module has the capability for combining results from up to three different
emergency response scenarios.  This is accomplished by appending "change cards' to the
EARLY User Input File. The first emergency response scenario is defined in the main body of
the EARLY User Input File. Up to two additional emergency response scenarios can be
defined through change card sets positioned at the end of thefile.

The ddimiter used to separate the change card setsis a period (.) in column one. The
end of the file is dso sgnified by a period in column one.  All of the CHEM_MACCS User
Input Files must end with a period in column one. The sample EARLY User Input File listed
in Appendix D is an example illugtrating the use of change cards for a PRA application of the
code.

The purpose of the change card processing in EARLY is soldly to adlow modification
of the previoudy specified emergency response scenario data. Any cards gppearing in the
change card sets must have been previoudy defined in either the Evacuation Zone Data
(Section C.6) or the Shelter and Relocation Data (Section C.7). If data items from another
data block appear in the change cards, they will be ignored. Each set of change cards must
include a new vaue of EANAM2, atext fidd describing the emergency response scenario.
Also, each set of change cards must produce a change in a least one of the numeric input
variables described in the Evacuation Zone Data or in the Shelter and Relocation Data.

EARLY caculates the doses and hedlth effects that result from exposure during the
emergency response period for up to three different emergency response scenarios and these
are written in binary form to units 31 to 33. All of these files have the same format.

Whenever results are combined by the code, the listing produced by the OUTPUT
module will present the overal combination of results as well the individua components from
which it is constructed.

It is up to the user to specify the parameters needed for these calculations. There are

no default values. In addition to specifying the characteristics of the modd, the user has
complete control over the output produced by EARLY and must explicitly specify which
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results are to be produced. All of this information is supplied through the User Input File for
EARLY and dl of the input parameters are described in this gppendix.

The User Input File for EARLY conssts of ten data blocks used to define the
smulation and an additiona eight data blocks used to specify the output desired by the user.
These eighteen data blocks are described below.

C.2 Miscellaneous (M) Data

The usr must supply information to identify the run, define the histogram
approximating the crosswind Gaussan distribution, and adso supply information describing the
handling of thewind rose. It is possible to specify asingle wind rose that will override the wind
roses that were calculated in ATMOS for each of the weather category sampling bins. The
user must adso specify how to treat changes in wind direction. There are three options to
choose from and these are described below.

VaiableName - EANAML1

VaiableType - Character, Scaar

Allowed Range - 1<=length<=80

Explanation - Identifies a name describing the EARLY cdculations. This is printed on
al pages of the OUTPUT liging. A name describing the particular
emergency response assumption will be requested in addition to this name.

ExanpleUse -

* GENERAL DESCRI PTI VE Tl TLE DESCRI BI NG THI S "EARLY" | NPUT FI LE

*

M EANAMLOO1 "M X_C 2.1 NP, CHEM MACCS EXAVPLE M X_C EARLY | NPUT FI LE

VaiableName - ENDAT2
VaiableType - Logicd, Scaar
AllowedVdue - .TRUE. or .FALSE.
Explanation - Control flag which alowsthe user to execute the ATMOS
and EARLY modules.
ExanpleUse -
* FLAG TO I NDI CATE THAT THIS IS THE LAST PROGRAM I N THE SERIES TO BE RUN
M ENDAT2001 . TRUE. (SET THI'S VALUE TO . TRUE. TO SKI P CHRONC)
VaiableName - IPLUME
VaiableType - Integer, Scdar

Allowved Range - 1<=vdue<=3
Explanation Disperson modd option code:
1- Straight-line disperson modd:
All plume segments travel in the same direction. Each set of
modding results is rotated around the 16 compass directions
(population sectors) to yield 16 sets of results for each weather trial.
2 - Wind-shift plume disperson mode with rotation:
Each plume segment in the release travels in the direction that the
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wind is blowing a the time that its representative time point
(REFTIM in Section B.11) leaves the facility. Each set of modeling
results is rotated around the 16 compass directions (population
sectors) to yield 16 sets of results for each weather trid.
3- Wind-shift disperson mode without rotation:

Each plume segment in the release travels in the direction that the
wind is blowing a the time that its representative time point
(REFTIM in Section B.11) leaves the facility. No rotation of the
wind shift pattern is performed. Each westher trid yields one set of
results.

ExanpleUse -

* DI SPERSI ON MODEL OPTION CODE: 1 * STRAIGHT LINE

* * W ND-SH FT W TH ROTATI ON

* W ND- SHI FT W THOUT ROTATI ON

*

W N

*

M I PLUMEOO1 1 ( STRAI GHT LI NE PLUVME)

VaiableName - NUMFIN

VaiableType - Integer, Scdar

Allowed Range - 3,5,0r7

Explanation - Number of fine grid subdivisons used by the modd. A step function is
used to approximate the Gaussan digtribution of the plume in the
crosswind direction. Each of the 22.5-degree sectors is subdivided into
NUMPFIN fine grid dements, with doses and risks being uniform in each of
thefine grid dements.

ExanpleUse -

* NUMBER OF FINE GRI D SUBDI VI SI ONS USED BY THE MODEL
*
M NUMFI NOO1 7 (3, 5 OR 7 ALLOVED)

VaiableName - IPRINT

VaiableType - Integer, Scdar

Allowed Range - O<=vdue<=10

Explanation - Specifies the quantity of debug output that is desired. The higher the

vaue, the more output will be printed. Debug output is written to
FORTRAN unit 6 (TAPEG). Normal runs should specify a vaue of zero.
The choice of any other vaue should only be made by people familiar
with the code for examination in detail of single weather sequences.

For various vaues of IPRINT, the code will print out intermediate results on the list output file.

These are described below. (Groundshineis not used in CHEM_MACCS)

IPRINT 31: skin dose conversion factors, centerline doses for dl organs (if IPLUME=1),

Gaussian histogram and cloudshine correction factors, return code vaues
(RETCOD).

IPRINT 32: find groundshine dose rate for each organ, each plume segment.

IPRINT 34. tota acute dose for organs 2 and 3, early fatdity, early injury, and cancer risk
vauesfor each spatid dement.
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IPRINT 38: acute dose to organs 2 and 3 after completion of subroutine RELZON, acute
dose to organs 2 and 3 after completion of subroutine ESTAT.
ExanpleUse -
* LEVEL OF DEBUG OUTPUT REQUI RED, NORMAL RUNS SHOULD SPECI FY ZERO

M I PRINTOO1 O (TURN OFF THE DEBUG PRI NT)

VaidbleName - RISCAT

VaiableType - Logicd, Scdar

AllowedVdue - .TRUE.or .FALSE.

Explanation - If the option of weather category bin sampling was chosen by the user in
the ATMOS User Input File (METCOD=2), the display of results
produced by the OUTPUT module can show the relative contribution of
each of the weather category bins to the mean consequence value.

ExanpleUse -

* LOG CAL FLAG SI GNI FYI NG THAT THE BREAKDOMN OF RI SK BY WEATHER CATEGORY
* BIN ARE TO BE PRESENTED TO SHOW THEI R RELATI VE CONTRI BUTION TO THE
MEAN

*

* Rl SBI N

*

M Rl SCAT001 . FALSE.

VaiableName - OVRRID

VaiableType - Logicd, Scdar

AllowedVdue - .TRUE.or .FALSE.

Explanation - Specifies whether the wind-rose probabilities are to be supplied by the
user. If the weather sampling option was chosen in ATMOS
(METCOD=2), wind roses for each weather sampling bin have been
passed down from ATMOS. Those wind roses will be used if OVRRID =
FALSE. If nowindroseisavallableto EARLY, auniform wind rose will
be used, that is, P = 0.0625 in each direction.

ExanpleUse -

* FLAG | NDI CATI NG | F W ND- ROSES FROM ATMOS ARE TO BE OVERRI DDEN

M OVRRI D001 .FALSE. (USE THE W ND ROSE CALCULATED FOR EACH WEATHER BI N)
Noteto user: Thefollowing data are only required if (OVRRID=.TRUE.).

VaiableName - WINROS

VaiableType - Red, Array

Allowed Range - 0.<=vdue<=1.

Explanation - These are the probabilities of the wind blowing from the dte into each of
the 16 compass sectors (rotating clockwise from N to NNW).
The sum of these values must be between 0.95 and 1.05. The user must
supply 16 vauesin rows on one or more data cards.

ExanpleUse -

* SITING STUDY W NDROSE FOR THE PEACH BOTTOM SI TE
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*

M W NRCS001 8.521E-02 6. 360E-02 4.605E-02 5.189E-02 6.869E-02

9. 493E-02

M W NRCS002 1.145E-01 1.090E-01 6.019E-02 4.326E-02 3.148E-02
3. 238E-02

M W NRCS003 3. 383E-02 4. 625E-02 5.446E-02 6.424E-02

C.3 Population Distribution (PD) Data

The user must supply information to define the polar coordinate population distribution
surrounding the ste. This information can be supplied from the Site Data File or a uniform
population distribution can be specified by the user.

Note: Whatever vaues are supplied here will be used by the EARLY modulesin defining
the characteristics of the region surrounding the Site.

Variable Name POPFLG
Variable Type Character, Scaar
Allowed Range - 4<=vdue<=7

Explanation - Specifieswhether the population is to be defined by the Ste Data File or if
it isto be uniform. If avaue of UNIFORM is supplied, the program will
not attempt to read the Site Data File.

ExanpleUse -

*PCOPULATI ON DI STRI BUTI ON FLAG SPECI FY ' UNIFORM OR ' FI LE
*
PDPOPFL3001 UNI FORM

VaiableName - IBEGIN

VaiableType - Integer, Scdar

Allowed Range - 1<=vadue<=NUMRAD

Explanation - Specifies the gpatia interval at which the population begins. Ingde of this
region there are no people. This alows the modeling of an excluson
zone. Thisvaueisonly required if POPFLG=UNIFORM.

ExanpleUse -

*FI RST SPATI AL | NTERVAL IS AN EXCLUSI ON ZONE

*

PDI BEG NOO1 2
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Variable Name POPDEN

Vaiable Type Red, Scdar

Allowed Range - 0.0 <= value <= 1.E6 (people/km?)

Explanation Specifies the uniform population dengty of the region. This vaueis only
used if POPFLG=UNIFORM.

ExanpleUse -
* ASSUMVE 100 PECPLE PER SQ KI LOVETER

*

PDPOPDENOO1 100.

C.4 Dose Definition (OD) Data

The CHEM_MACCS code will only calculate doses defined in this section. The
shelter and relocation mode (variable CRIORG), and the hedlth effects models (prompt
fataities, early injuries, and latent cancers) must only reference defined doses. The same is
true of the dose-related output options (results of type 3, 5, and 6). MACCS will check to
ensure that appropriate chemical gspecies weighting factors are avalable on the
DOSDATA.INPfilefor al of these doses.

MACCS can cdculate two kinds of doses: lifetime dose and effective acute dose.
Acute doses are used for calculating the acute hedlth effectsin the EARLY module. The acute
hedth effects are "early fataities' and "early injuries™ Lifetime dose is utilized for calculating
the cancer induction and population dose results. It represents the effective continuous daily
dose associated with acute and intermediate-term exposures.

The list of doses for which concentration weighting factors are available is provided in
the DOSDATALINP file. The dose names must be spelled exactly they appear in the
DOSDATAL.INP file. If some other weighting factor file is used, its dose names must be
identical to those input to EARLY in the ORGNAM ligt defined below. Any reference to a
dose that cannot be found on the dose list (ORGNAM) will cause the error flag to be set and
execution will be terminated.

VaiableName - NUMORG

VaiableType - Character, Array

Allowed Length - 1 <=length<=10

Purpose - Définesthelist of dosesto beincluded in the caculations.

ExanpleUse -
* NUMBER OF DOSES DEFI NED FOR HEALTH EFFECTS

*

CDNUMORG001 7

VaidbleName - ORGNAM

VaidbleType - Character, Array

Allowed Length - 3 <=length<=10

Purpose - The names of the NUMORG doses defined in the modd are listed in

column 1 of the ODORGNAM input. For each of these doses,
concentration weighting factors must be found in the DOSDATA.INPfile.
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VaiableName - IPWAY

VaidbleType - Character, Array

Allowed Length - 3 <=length<=10

Purpose - The names of the pathways associated with each of the NUMORG doses
defined in the mode are listed in column 2 of the ODORGNAM inpt.
Four pathways are dlowed asillustrated below.

VaiableName - EXPN

VaiableType - Red, Array

Allowed Length - 0.<=vdue<=2.

Purpose - The powers to which ar concentrations are raised in caculating doses by
the various pathways. For continuous daily doses, a vaue of 1. should be
used. NUMORG vdues should be provided in column 3 of the
ODORGNAM input.

Example Use of ORGNAM, IPWAY, and EXPN

* NAMES OF THE DOSES DEFI NED FOR HEALTH EFFECTS

*

* DCSE PATHWAY  CONCENTRATI ON I NTERNAL TO
* NAVE FOR DOSE  EXPONENT CHEM_MACCS
*

CDORGNAMDO1 "VI NLGA "INH ACU 1.0 (IPWAY = 5)
CDORGNAMDO2 " VSK2GA ' CLD 1.0 (IPWAY = 1)
CDORGNAMDO3 ' LSK3&A ' SKN ACU 1.0 (IPWAY = -1)
CDORGNAMDO4 " LSK4GA ' SKN ACU 1.0 (IPWAY = -1)
CDORGNAMDOS " VNESGA "INH ACU 1.0 (IPWAY = 5)
CDORGNAMDO6 " VSK6GA 'CLD 1.0 (IPWAY = 1)
CDORGNAMDO7 ' VCDD&A "INH LI F 1.0 (I PWAY = 6)

C.5 Shielding and Exposure (SE) Data

This section defines the shielding factors for exposure to inhdation and depostion to
skin for three types of activities (normal activity, evacuation, and sheltering). A breathing rate
is dso specified for each type of activity. In addition, the resuspension parameters to be used
for the emergency phase time period (EARLY), the resuspension coefficient and resuspension
hdf-life are dso defined.

Variable Name CSFACT
Variable Type Red, Array
Allowed Range - 0.0<=vadue<=1.0

Explanation - Cloudshine shidding factor (not used in CHEM_MACCY) for the three
types of activity.

Example Use -

* SHIELDI NG AND EXPOSURE FACTORS, LQADED BY | NDFAC, STORED I N / EADFAC/

*

* THREE VALUES OF EACH PROTECTI ON FACTOR ARE SUPPLI ED,

* ONE FOR EACH TYPE OF ACTIVTY:

*

* ACTIVITY TYPE:

*

1 - EVACUEES WH LE MOVI NG

103



2 - NORVAL ACTIVITY IN SHELTERI NG AND EVACUATI ON ZONE
3 - SHELTERED ACTIVITY
CLOUD SHI ELDI NG FACTOR

SITE GG PB  SEQ SUR ZION
SHELTERING 0.7 0.5 0.65 0.6 0.5

EVACUEES NORMAL SHELTER

E R T

SECSFACT001 1. 0.75 0.6 *  SURRY SHELTERI NG VALUE

Variable Name PROTIN

Variable Type Red, Array

Allowed Range - 0.0<=vadue<=1.0

Explanation Inhalation protection factor for the three types of activity.

Example Use -
* PROTECTI ON FACTOR FOR | NHALATI ON
*

SEPROTI NOO1 1. 0.41 0.33 * VALUES FOR NORVAL ACTIVITY AND
* SHELTERI NG SELECTED BY NRC STAFF

Variable Name BRRATE

Variable Type Red, Array

Allowed Range - 0.0 <=vaue<= 1.0 (m/s)

Explanation Breathing rates for the three types of activity.

Example Use -
* BREATHI NG RATE (CUBI C METERS PER SECOND)
*

SEBRRATEOO1 2.66E-4 2.66E-4 2.66E-4

Variable Name SKPFAC
Variable Type Red, Array
Allowed Range - 0.0<=vadue<=1.0

Explanation - Skin protection factors for the three types of activity.

Example Use -

* SKI'N PROTECTI ON FACTOR

SESKPFAC001 1.0 0.41 0.33 * VALUES FOR NORMAL ACTI VI TY AND
* SHELTERI NG SELECTED BY NRC
STAFF

VaiableName - GSHFAC

VaiableType - Red, Array

Allowed Range - 0.0<=vadue<=1.0
Explanation Groundshine shielding factors (not used in CHEM_MACCYS) for the three
types of activity.

Example Use -
* GROUND SHI ELDI NG FACTCR
*

* SITE GG PB  SEQ SUR ZION
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* SHELTERING 0.25 0.1 0.2 0.2 0.1

*

SEGSHFAC001 0.5 0.33 0.2 * VALUE FOR NORMAL ACTIVITY
SELECTED * BY NRC STAFF

VaiableName - RESCON

VaiadbleType - Red, Scdar

Allowed Range - 0.0 <=vaue<= 1.0 (per m)

Explanation - Emergency phase resuspension concentration coefficient initial value. The
wesgthering hdf-life associated with RESCON is defined below as
RESHAF. The resuspension model used isasfollows:
ar-conc. = ground-conc. * RESCON * EXP (-t * 0.693 /
RESHAF), where
ar-conc. = the ingtantaneous ar concentration resulting from
resuspension of materid deposited by a sngle plume
segment at t seconds following the departure of that
plume segment (kg/m?),
ground-conc. = fina ground concentration following the passage of the
plume segment (kg/n?)
RESCON = initid vaue of the resuspension coefficient (per m),
t = time after passage of the plume (9),
RESHAF = resuspension coefficient haf-life ().
Example Use -
* RESUSPENSI ON | NHALATI ON MODEL CONCENTRATI ON COEFFI Cl ENT (/ METER)
* RESCON = 1.E-4 |S APPROPRIATE FOR MECHANI CAL RESUSPENSI ON BY
VEHI CLES.
*  RESHAF = 2.11 DAYS CAUSES 1.E-4 TO DECAY IN ONE WEEK TO 1.E-5 *
SERESCONOO1  1.E-4 ( RESUSPENSI ON | S TURNED ON)
VaiableName - RESHAF
VaidbleType - Red, Scdar

Allowed Range - 1.0<=vaue<=1E10(9

Explanation Emergency phase resuspenson concentration coefficient weathering
haf-life.

Example Use -

* RESUSPENSI ON CONCENTRATI ON COEFFI O ENT HALF- LI FE ( SEQ)

SERESHAF001 1. 82E5 (2.11 DAYS)
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C.6 Evacuation Zone (EZ) Data

In the current implementation, CHEM_MACCS is limited to an evacuation model
where the only movement allowed isradialy outward.

All individuals between the fird and last evacuating intervals [INIEVA and
LASEVA(3)] are assumed to evacuate. Evacuating individuals travel radidly outward at a
congtant speed and are subject to exposure until they leave the LSAMOV spatid intervd,
whereupon they are assumed to avoid al further exposure.

Within the evacuation zone, up to three regions with different evacuation delay times
may be defined. The three times associated with these regions are specified in EDELAY.
Outer boundaries of the three evacuation rings are specified in LASEVA. Some of these
vaues may be zero, indicating that the regionis null.

VaidbleName - EANAM?2

VaiableType - Character, Scaar

Allowed Range - 1<=length<=80

Explanation - Identifies the name of the emergency response scenario being studied.
This name will be printed on dl pages of the OUTPUT liging. A unique
name must be specified for each emergency response.

Example Use -

* SPECI FI C DESCRI PTI ON OF THE EMERGENCY RESPONSE SCENARI O BEI NG USED
*

EZEANAMOO1 ' EVACUATION WTHIN 10 M LES, RELOCATI ON MODELS APPLY
* ELSEVWHERE'

VaiableName - WTNAME

VaiableType - Character, Scaar

Allowved Range - 4<=length<=6

Explanation - Specifies whether the weighting fraction defined below is to be gpplied to
either the consequence magnitude (fraction of the people) or its associated
probability (fraction of the time).

Example Use -

* THE TYPE OF WEIGHTING TO BE APPLIED TO THE EMERGENCY RESPONSE
SCENARI OS

* YOU MUST SUPPLY A VALUE OF 'TIME OR ' PECPLE

*

EZWI'NAMEOO1 ' PECPLE'

VaiableName - WTFRAC

VaidbleType - Red, Scdar

Allowed Range - 0.0<=vadue<=1.0

Explanation - Weighting fraction to be applied to the results from this emergency
response scenario. Thisvaueisused by the OUTPUT module in combing
results for the "overdl weighting sum." The weighting can be done for
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either "fraction of the peopl€e" or "fraction of the time" as determined by
theinput variadble WTNAME

Example Use -
* \\EI GHTI NG FRACTI ON APPLI CABLE TO TH S SCENARI O

*

EZW'FRACO01 0. 95

VaidbleName - LASMOV

VaiableType - Integer, Scdar

Allowed Range - 0<=vaue<=(NUMRAD - 1)

Explanation - The outermost spatid interva of the evacuation movement zone. Thisis
the distance after which evacuees are assumed to disappear from the early
hedlth effects model and receive no further dose. If the user specifies a
vaue of zero, there will be no evacuation and no further data in this
section are required.

Example Use -

* LAST RING I N THE MOVEMENT ZONE
*
EZLASMOV001 15 ( EVACUEES DI SAPPEAR AFTER TRAVELI NG TO 20 M LES)

Note to user: The following items in this section are only required if LASMOV is greater
than zero.

VaiableName - INIEVA

VaiableType - Integer, Scdar

Allowed Range - 1<=vdue<=LASMOV

Explanation - Thisvdue is only required if LASMQV s greater than zero. It pecifies
the innermost spatid interva of the evacuation zone. A vaue greater than
one means that there will be an inner shelter zone. The inner shelter zone
iscomposed of the INIEVA-1 spatid intervas closest to the facility.

Example Use -
* FIRST SPATIAL | NTERVAL | N THE EVACUATI ON ZONE
*

EZI NI EVAOO1 1 (NO I NNER SHELTER ZONE)

VaidbleName - LASEVA

VaiableType - Integer, Array

Allowed Range - 0<=vdue<=LASMOV

Explanation - The outer spatia intervals marking off the three evacuation delay zones
from the nearest to farthest. These allow a phased evacuation. The user
must supply three values. A vaue of zero for any of the rings causes that
zone to be null. The nonzero values must not be less than INIEVA and
they must be in ascending order.

Example Use -

* QUTER BOUNDS ON 3 EVACUATION ZONES (ZERO MEANS THE ZONE IS NOT
DEFI NED)

*
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EZLASEVA001 0 0 12 (SI NGLE EVACUATI ON ZONE QUT TO 10 M LES)

Variable Name EDELAY

Variable Type Red, Array

Allowed Range - 0. <=vaue<=86400.0 (s) (oneday)

Explanation Defines the time necessary for evacuees to get moving. Before
evacuating, evacuees can recelve doses from the plume segments while
continuing norma activity. The user must supply evacuation delay times
for each of the three evacuation rings even if some of them are null.
Evacuees remain in place until EDELAY seconds have eapsed from the
offgte darm time, OALARM, (see Section B.11) and then they begin their
evacuation.

Note: The reference point for evacuation (darm time) is different from the reference time for

relocation actions (time after first plume arrival).

Example Use -
* EVACUATI ON DELAY TIMES FOR THE 3 EVACUATI ON ZONES
* TH'S |'S THE DELAY TI ME FROM OALARM ( ATMOS) TO WHEN PECPLE START MOVI NG

*

EZEDELAY001 0. 0. 7200. (SURRY)

VaiableName - ESPEED

VaidbleType - Red, Scdar

Allowed Range - 0.1 <=vaue<=1.E6 (m/s)

Explanation - The speed a which al evacueestrave radidly outward.
Example Use -

* RADI AL EVACUATI ON SPEED (M S)

*

EZESPEEDOO1 1.8 ( SURRY)

C.7 Shelter and Relocation (SR) Data

The user can specify the existence of two shelter zones: one insde of the evacuation
zone, the other outsde of it. Both of these zones are optional. The inner shelter zone is
defined if avaue greater than one was specified for INIEVA. The outer shelter zone is defined
if LASHEZ is assgned a nonzero vaue. Even though these zones are optiond, the code
requiresthat al of the parameters described in this section be supplied.

Variable Name TTOSH1

Vaiable Type Red, Scdar

Allowed Range - 0.0 <=vaue <=86400.0 (5) (oneday)

Explanation Defines the time to take shelter in the inner shelter zone. People here take
shelter TTOSH1 seconds after the off-ste darm time, OALARM (see
Section B.11). Normal activity shielding factors are used up to the time at
which individuds take shelter. Upon taking shelter, the shelter shielding
factors are used.

Note: The reference point for sheltering (dlarm) is different from reference time for relocation

actions (first plume arriva).
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Example Use -
* TIME TO TAKE SHELTER | N THE | NNER SHELTER ZONE ( SECONDS FROM QALARM)

SRTTOSH1001 0. (THERE 1S NO | NNER SHELTER ZONE)
VaidbleName - SHELT1
VaidbleType - Red, Scdar

Allowed Range - 0.0 <=vaue <=86400.0 (5) (oneday)

Explanation - Defines the shelter duration in the inner shelter zone. Sheltering shidding
factors are used during this time period. After this period has elapsed,
people are removed from the shelters without incurring any additional
dosg, i.e, any trangt time over contaminated ground necessary to leave
the region should be included in SHELT1.

Example Use -

* SHELTER DURATION IN THE INNER SHELTER ZONE (SECONDS FROM TAKI NG
SHELTER)
*

SRSHELT1001 0. (THERE 1S NO | NNER SHELTER ZONE)

VaiableName - LASHE2

VaiableType - Integer, Scdar

Allowed Range - 0<=vadue<=NUMRAD

Explanation - Defines the outermost ring of the outer shelter zone. The relocation zone
begins a the next interva. If thereis an evacuation (LASMOV > 0), and
anonzero vaue is specified for LASHEZ2, then LASHE2 must be grester
than the outermost evacuating interval.

Example Use -

* LAST RING OF THE QUTER SHELTER ZONE

SRLASHE2001 0 (THERE 1S NO QUTER SHELTER ZONE)

VaiableName - TTOSH2

VaidbleType - Red, Scdar

Allowed Range - 0.0 <=vaue <=86400.0 (s) (oneday)

Explanation Definesthe time to take shelter in the outer shelter zone. People here take
shelter TTOSH2 seconds after
the offste dam time
OALARM (see Section B.11).
Normd  activity shielding
factors are used up to the time
a which individuds take
shelter. Upon taking shelter,
the shelter shidding factors are
used.

Example Use -
* TIME TO TAKE SHELTER | N THE QUTER SHELTER ZONE ( SECONDS FROM QALARM)
*

SRTTOSH2001 0. (THERE I'S NO QUTER SHELTER ZONE)
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Variable Name
Variable Type
Allowed Range
Explanation
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SHELT?2

Red, Scalar

0.0 <=vaue <=86400.0 () (oneday)

Defines the shelter duration in the outer shelter zone. Sheltering shielding
factors are used during this time period. After this period has elapsed,
people are removed from the shelters without incurring any additional
dosg, i.e, any trangt time over contaminated ground necessary to leave
the region should be included in SHELT2.



Example Use -

* SHELTER DURATION IN THE OUTER SHELTER ZONE (SECONDS FROM TAKI NG
SHELTER)

*

SRSHELT2001 0. (THERE 1S NO QUTER SHELTER ZONE)
VaiadbleName - ENDEMP
VaidbleType - Red, Scdar

Allowed Range - 86400.0 <= vaue <= 604800.0 (seconds after plume arriva)

Explanation Defines the duration of the emergency phase period. EARLY only
caculates doses that would be received during the emergency phase time
period. Doses at each spatid interva are cut off a8 ENDEMP seconds
after the arrival of the first plume segment to reach the interva. This
cutoff gppliesto al individuas, no matter where they are located.

ENDEMP is dso the duration for which evacuees and shelterees are kept
away from their homes if there was any contamination in the coarse grid
element in which they reside.

Example Use -
* DURATI ON OF THE EMERGENCY PHASE ( SECONDS FROM PLUME ARRI VAL)

SRENDEMPO01 604800. ( ONE WEEK)

VaiableName - CRIORG

VaiableType - Character, Scaar

Allowed Range - 2<=length<=10

Explanation - Defines the criticd organ for relocation decisons during the emergency
phase period consdered by EARLY. In order to determine whether
people can remain in the relocation zone, the total committed dose to the
critic organ of an individud who remained in place for the entire
emergency phase is caculated. The critica organ must be found on the
list of organs, ORGNAM, defined in Section C.4.

Example Use -
* CRITI CAL ORGAN FOR RELOCATI ON DECI SI ONS
*

SRCRI ORG001 ' VI N1GA

Variable Name TIMHOT

Vaiable Type Red, Scdar

Allowed Range - 0.0 <= vaue <= ENDEMP (seconds after plume arriva)

Explanation Defines the hot spot relocation action time. Hot spot relocation can only
occur for individuals resding outside of the emergency response zone.
That is, doses to people awaiting evacuation or protected in shelters will
not be affected by the hot spot relocation modd.

If the total dose commitment to any individua in a coarse grid eement in
the relocation region would exceed DOSHOT to the critical organ,
CRIORG, for someone remaining there for the entire emergency phase
(ENDEMP), people in that element are relocated at TIMHOT seconds
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Example Use

after the arriva of thefirst plume at that distance.

For the purpose of evaluating the need for hot spot and normal relocation,
the totd dose commitment is the dose which would be received by an
individua who remained in place for the entire emergency phase period
while engaging in "norma" activity. The pathways used for caculating
the totd dose commitment are direct inhdation and resuspension
inhaation.

Any individuas relocated due to hot spots are removed from the problem
for the duration of the emergency phase and receive no additiona dose
during the emergency phase.

* HOT' SPOT RELOCATI ON Tl ME ( SECONDS FROM PLUME ARRI VAL)
*

SRTI MHOT001 43200. (ONE- HALF DAY)

Variable Name
Variable Type
Allowed Range
Explanation

Example Use

TIMNRM

Red, Scdar

TIMHOT <= value <= ENDEMP (seconds after plume arrival)

Defines the norma relocation action time. Norma relocation can only
occur for individuas residing outside of the emergency response zone.
That is, doses to people awaiting evacuation or protected in shelters will
not be affected by the norma relocation modd.

If the total dose commitment to any individua in a coarse grid eement in
the relocation region would exceed DOSNRM to the critica organ,
CRIORG, for someone remaining there for the entire emergency phase
(ENDEMP), people in that element are relocated at TIMNRM seconds
after the arriva of the first plume at that distance. Any individuas subject
to norma relocation are removed from contaminated areas for the
duration of the emergency phase and receive no additiond dose during the
emergency phase.

For the purpose of evaluating the need for hot spot and normal relocation,
the totd dose commitment is the dose which would be received by an
individua who remained in place for the entire emergency phase period
while engaging in "normd" activity. The pathways used for caculating
the totd dose commitment are direct inhdation and resuspension
inhaation.

* NORVAL RELCCATI ON TI ME ( SECONDS FROM PLUME ARRI VAL)
*

SRTI MNRMDO1 86400. (ONE DAY)
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Variable Name DOSHOT
Vaiable Type Red, Scdar
Allowed Range - 0.0 <=vaue<=100.0

Explanation - Defines the hot spot relocation dose threshold. If the total dose
commitment to individuas outside of the evacuation and sheltering zones
who remained dationary for the entire emergency phase period would
exceed DOSHOT, those people would be relocated (removed) at the
hot-spot relocation time (TIMHQOT).

Example Use -

* HOT SPOT RELOCATI ON DOSE CRI TERI ON THRESHOLD

*

SRDOSHOT001 0. 5

Variable Name DOSNRM
Vaiable Type Red, Scdar
Allowed Range - 0. <=vdue<=DOSHOT

Explanation - Défines the norma relocation dose threshold. If the total dose
commitment to individuas outside of the evacuation and sheltering zones
who remained dationary for the entire emergency phase period would
exceed DOSNRM, those people would be relocated (removed) at the
normal relocation time TIMNRM.

Example Use -

* NORVAL RELOCATI ON DOSE CRI TERI ON THRESHOLD
SRDOSNRMDO1 0. 045

C.8 Early Fatality (EF) Data

Information in this section is only used to control the calculation of individua risk.
Results to be processed by OUTPUT, eg., tota cases of early fatdity, average individud risk
of early fadity, and centerline risk versus distance of early fatdity, are described in later
sections of this document. In order for the code to produce early fataity results, the early
fatality modd must be defined in this section.

VaidbleName - NUMEFA

VaiableType - Integer, Scdar

Allowed Range - O<=vdue<=5

Purpose - The number of early fatdity effectsto be included in the total risk of early
fatdity. A vaue of zero means that the early fatdity modd will not be
used.

lExampIe Use -

* NUMBER OF EARLY FATALI TY EFFECTS
*
EFNUMEFAOO1 3

Note to user - The remaining parameters in this section are only required if NUMEFA is
greater than zero.
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VaidbleName - ORGNAM

VaidbleType - Character, Array

Allowed Range - 2<=length<=10

Purpose - The name of the dose for each early fatdity effect. The dose must be one

of those lised in the dose definition data The user must supply
NUMEFA vauesin column one of the data block.

VaiableName - EFFACA

VaiableType - Red, Array

Allowed Range - 1.0 <=vaue<=100.0

Purpose - The dpha factor (LD50) in the hazard function (probit equation) for the
ealy fatdity effect. The user must supply NUMEFA vaues in column
two of the data block.

VaiableName - EFFACB

VaiableType - Red, Array

Allowed Range - 1.0 <=vaue<=100.0

Purpose - The Bliss dope in the hazard function (probit equation) for the early
fatality effect. The user must supply NUMEFA vaues in column three of
the data block.

VaiableName - EFFTHR

VaiableType - Red, Array

Allowed Range - 0.0 <=vaue<=100.0

Purpose - The threshold dose below which the risk of early fatalities is presumed to
be zero. If the acute dose falls below this threshold, it will not contribute
to the risk of fatality. The user must supply NUMEFA vaues in column

four of the data block.
Example Use of EFFACA, EFFACB, and EFFTHR -
* ORGNAM EFFACA EFFACB  EFFTHR
*
EFATAGRPOO1 ' VI NIGA 70.0 12.0 0.7
EFATAGRP002 ' VSK2GA 15000. 0 4.8 99.0
EFATAGRPO03 ' LSK3GA 1500. 0 4.8 15.0

C.9 Early Injury (El) Data

Information in this section is only used to control the calculation of early injury risks.
Reaults to be processed by OUTPUT include tota cases of a given injury, average individua
risk of agiven injury, and centerline risk versus distance of agiven injury. In order for the code
to produce early injury results, the injuries must be defined in this section.

The individud risk of each type of early injury is modeled in CHEM_MACCS using a
probit equation analogous to those used for caculating early fatality risks. The early injury risk
modd differs from the early fatdity mode in that no composite risk of injury iscaculated. The
risk of each acuteinjury is presented separately.

114



In addition to the parameters of the probit equations and the early injury dose
thresholds, the user must specify the fraction of the population that is susceptible to each injury,

EISUSC.

Variable Name
Variable Type
Allowed Range
Purpose

Example Use

NUMEIN

Integer, Scalar

0<=vdue<=10

The number of different types of early injuries that will be caculated. A
vaue of zero meansthat no early injuries will be calculated.

* NUMBER OF EARLY | NDURY EFFECTS
*

El NUMEI NOO1

Noteto user

Variable Name
Variable Type
Allowed Range
Purpose

Variable Name
Variable Type
Allowed Range
Purpose

Variable Name
Variable Type
Allowed Range
Purpose

Variable Name
Variable Type
Allowed Range
Purpose

7

The remaining parameters in this section are only required if NUMEIN is
greater than zero. The Sx arrays are arranged as rows of datain asingle
data block.

EINAME

Character, Array

1<=length<=16

The name of each type of early injury. The user may specify any name.
Apostrophes are mandatory if there are any embedded blanks. The user
must supply NUMEIN vauesin column one of the data block.

ORGNAM

Character, Array

2<=length<=10

The name of the dose giving rise to each early injury. The early injury
doses must be selected from those listed in the dose definition section
(Section C.4). The user must supply NUMEIN vaues in column two of
the data block.

EISUSC

Red, Array

0.0<=vaue<=10

The fraction of the population that is susceptible to the early injury. The
user must supply NUMEIN values in column three of the data block.

EITHRE

Red, aray

0.0 <=value<=1000.0

The threshold dose below which the risk of the injury is zero. The user
must supply NUMEIN vauesin column four of the data block.
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VaiableName - EIFACA

VaiableType - Red, Array

Allowed Range - 1.0 <=vaue <= 1000.0

Purpose - The dpha factor (D50) in the hazard function for the injury. The user
must supply NUMEIN vauesin column five of the data block.

VaiableName - EIFACB
VaiableType - Red, Array
Allowed Range - 1.0 <=length <=100.0

Purpose - The shape factor (Bliss dope) of the hazard function (probit equation) for
the injury. The user must supply NUMEIN vaues in column six of the
data block.

Example Use of EINAME, EISUSC, EITHRE, EIFACA and EFFACB:

* El NAVE ORGNAM El SUSC EITHRE EIFACA ElIFACB

*

El NJUGRPOO1 ' CLP, PRL, CONVL' 'LSK4GA 1. 8.8 880.0 4.8
El NJUGRP0O02 ' M OSI S/ RHI NORRH ' VNES5CGA'
El NJUGRPO03 ' SWEATI NG FASCI C ' VSKG6GA'

C.10 Latent Cancer (LC) Data

This section defines the cancer induction models used by the EARLY module.
CHEM_MACCS calculates two types of dose: acute and lifetime.  The acute dose is used
solely for cdculation of the nonstochastic effects (early fatdities and early injuries) associated
with high exposures. The acute doses defined in CHEM_MACCS are not utilized in the
cancer risk models. The lifetime dose used in the cancer risk modd is an effective continuous
daly dose.

In CHEM_MACCS, alinear dose-response relationship is used. The incrementa risk
of contracting cancer is the product of the effective continuous daily inhdation dose and the
potency factor. At the time this was written, the only data on potency factors that were
avallable were for mustard gas (HD), which is assgned a potency factor of 1.3. The other four
chemica species treated by CHEM_MACCS (GA, GB, and VX) were assgned potency
factors of 1.0. The potency factor ratiosin the DOSDATA.INP files must be changed if other
potency factor vaues are adopted.

Information in this section is only used to control the caculation of individual cancer
risk. Resaults to be processed by OUTPUT, eg., tota cases of a given cancer, average
individud risk of a given cancer, and centerline risk of a given cancer versus distance, are
described in later sections. In order for the code to produce cancer results, the cancers must be
defined in this section.

VaidbleName - NUMACA

VaiableType - Integer, Scdar

Allowed Range - O<=vdue<=10

Explanation - The number of different types of latent cancer effects that will be

caculated. A vaue of zero means that latent cancer effects will not be
caculated. Based on the current approach, NUMACA should be one for
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Example Use:

CHEM_MACCS.

* NUMBER OF CANCER EFFECTS
*

LCNUVACAOO01

1

The remaining parametersin this section are only required if NUMACA is grester than zero.

Variable Name
Variable Type
Allowed Range
Explanation

Example Use:

ACTHRE

Red, Scdar

0.0 <=vaue<=10.0

The lower dose limit for the linear dose-response relationship. For doses
less than ACTHRE, the linear-quadratic relationship is used. In
CHEM_MACCS, avaue of ACTHRE = 0.0 should be used.

* DOSE THRESHOLD FOR APPLYI NG THE DOSE- DEPENDENT REDUCTI ON FACTOR

*

LCACTHREOO1 0.0

The next eight variables are supplied in a block of data as columns. An example of their use

will follow.

Variable Name
Variable Type
Allowed Range
Explanation

Variable Name
Variable Type
Allowed Range
Explanation

Variable Name
Variable Type
Allowed Range
Explanation

ACNAME

Character, Array

1<=length<=10

The name of each type of latent cancer effect. The user may specify any
name. Apostrophes are mandatory if there are any embedded blanks. The
user must supply NUMACA vauesin column one of the data block.

ORGNAM

Character, Array

2 <=length<=10

The name of the dose associated with each latent cancer effect. The dose
must be one of those listed in the dose definition section (Section C.4).
The user must supply NUMACA vauesin column two of the data block.

ACSUSC

Red, Array

0.0<=vaue<=10

The fraction of the population that is susceptible to the latent cancer. The
user must supply NUMACA vauesin column three of the data block.
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Variable Name
Variable Type
Allowed Range
Explanation

Variable Name
Variable Type
Allowed Range
Explanation

Variable Name
Variable Type
Allowed Range
Explanation

Variable Name
Variable Type
Allowed Range
Explanation

Variable Name
Variable Type
Allowed Range
Explanation

Example Use:

*

DOSEFA

Red, Array

0.0<=vaue<=20

Defines the linear factor of the dose dependence in the cancer risk modd.

The user must supply NUMACA vaues in column four of the data block.
In CHEM_MACCS, DOSEFA = 1.0 should be input.

DOSEFB

red, array

0.0<=vdue<=20

Defines the quadratic factor of the dose dependence in the cancer risk
modd which is used by the EARLY module. If the dose to the target
organ is below ACTHRE, this parameter defines the quadratic term of the
cancer dose-response function. The user must supply NUMACA vaues
in column five of the data block. A value of DOSEFB = 0.0 should be
input for CHEM_MACCS.

CFRISK

red, array

0.0<=vaue<=10

Lifetime risk factor for cancer death. Since the potency factors used in
CHEM_MACCS are for cancer incidence, not cancer fatalities, CFRISK
= 0.0 should be input.

CIRISK

red, array

0.0<=vaue<=10

Lifetime risk (potency) factor for cancer injury. The value specified
should be for the reference chemicad as indicated by the last two letters of
the dose name. The user must supply NUMACA vaues in column seven
of the data block.

DDREFA

red, array

1.0<=vaue<=10.0

Dose-dependent reduction factor. If the lifetime dose commitment
incurred during the EARLY exposure period is less than DDTHRE, the
risk of cancer from irradiation of that organ is reduced by a factor of
DDREFA. The user must supply NUMACA vaues in column eight of the
datablock. DDREFA = 1.0 isappropriate for CHEM_MACCS.

ACNAME  ORGNAM  ACSUSC DCSEFA DOSEFB CFRI SK Cl Rl SK DDREFA

LCANCERS001 ' CANCER ' VCDDVX 1.0 1.0 0.0 0.0 1.0 1.0

C.11 Generation of Consequence Distributions
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Under the control of parameters supplied by the user on the EARLY User Input File,
the EARLY module can caculate a variety of different consequence measures to portray the
impact of afacility accident on the surrounding region.

The user has tota control over the results that will be produced. By choosing
appropriate values in the user input files, the user can ensure that the code does not perform
unnecessary caculations.

This affords a great ded of flexibility but it also requires that the user anticipate which
results will be of interest. If any are omitted, it is necessary to correct the user input and rerun
the program.

In this regard, please remember that a result can only be produced if the model needed
for its caculation has been previoudy defined in the appropriate section. If any results
pertaining to hedth effects are requested, risk factors for that model must have been supplied in
the sections entitled Early Fataity (EF), Early Injury (ElI), and Latent Cancer (LC).

EARLY can produce ten different types of results. These are described in the next ten
sections.  EARLY does not generate Complementary Cumulative Digtribution Functions
(CCDFs) of the reaults that they cadculate. Since EARLY generates the requested
consequence measures, those numbers are written to binary files on units 31 to 34 for later
processing into CCDFs.

The generation of CCDFs is performed by the OUTPUT module of CHEM_MACCS.

It reads the binary files of consequence measures and automatically combines the resultsin a

predetermined way. The user has no direct control over the OUTPUT module other than
through the EARLY data blocks which control the generation of consequence measures.

The CCDF is an estimate of the digtribution of consequence magnitudes. The
variability of consequence vauesin CHEM_MACCS CCDFsis due solely to the uncertainty of
the westher conditions existing at the time of the accident.

If a consequence measure is calculated by EARLY, the output module will present
those results and their CCDFs. The contribution of up to three sets of results generated by
EARLY can be combined according to the weighting fractions described in Section C.6.
These weighting fractions can apply to ether consequence magnitude (fraction of the people),
or the consequence probability (fraction of the time). The weighted sum of al consequence
measures, calculated by summation of results from separate runs of EARLY,, are presented at
the beginning of each section of the listing produced by OUTPUT. Following the overal
weighted sum, the results from itsindividua components are presented.
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The following materid describes the format of the listing produced by the OUTPUT
module. It is recommended that the reader of this section refer to Appendix D, which lists the
output from Sample Problem VX_A. Thisoutput fileisnamed VX_AORI.OUT.

At thetop of each page s printed the date and time of the run and a page number. The
numbering of pages beginswith the first page produced by the OUTPUT module.

The leftmost 38 columns of the page provide the name of the consequence measure.
These names are split into two parts: the generd and the specific. For example we have

"HEALTH EFFECTS CASES'
as the genera name and
"ERL FAT/TOTAL 0-1609 KM*"

as the specific part of the name. The consequence measure being presented on this line is the
number of early fatdity cases expected to occur in the region beginning at the facility (O-km
radius on our polar grid) and extending outward in a concentric ring to the spatid interva with
an outer boundary at 1,609 km.

Going across the page from left to right, there are ten columns of numeric data that
provide a summary of the CCDF generated by the OUTPUT module. These are described as
follows.

PROB NON-ZERO - Conditiond probability of having a nonzero consequence estimate,
conditiona on the occurrence of the release under consideration.

MEAN - The average (expected) consequence over dl wesather trids. This is
calculated by taking the sum of all the products [(consequence vaue)
X (associated probability of that value)] for each westher trid.

50TH QUANTILE - Themedian of the estimated distribution function.

90TH QUANTILE - Based on the estimated distribution function, there is a 10 % chance
this consequence magnitude will be exceeded.

95TH QUANTILE - Based on the estimated distribution function, there is a 5 % chance
this consequence magnitude will be exceeded.

99TH QUANTILE - Based on the estimated distribution function, there is a 1 % chance
this consequence magnitude will be exceeded.

99.9TH QUANTILE - Based on the estimated distribution function, thereis a 0.1 % chance

this consequence magnitude will be exceeded.
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PEAK CONS - The largest consequence magnitude obtained from the full set of
wegther trials which were examined.

PEAK PROB - The probability associated with the largest consequence magnitude.

PEAK TRIAL - In the series of weather samples, the sequence number of the
westher trid which gave rise to the largest consequence magnitude.
By going back to the ATMOS output listing, the user can determine
the start time (day and hour) of this weather sequence.

C.12 User-Requested Cases of a Given Health Effect (T1)

EARLY can caculate the number of hedth effect cases that will occur within a range
of distances. The risk modds for these hedlth effects must have been previoudy defined in the
proper section.

VaidbleName - NUM1

VaiableType - Integer, Scdar

Allowed Range - O<=vdue<=40

Explanation - The number of results of thistype to be calculated.

VaiableName - NAME

VaidbleType - Character, Array

Allowved Range - 10<=length<=24

Explanation - Defines the name of each Type 1 result for which the number of cases will
be caculated. Depending on the value of NAME, six different types of
results may be produced. They are listed below dong with examples of
their specification for input.

1. casesof early fadity; 'ERL FAT/TOTAL'

2. cassof agivenearly injury;  'ERL INJname of aninjury’
3. casesof agiven cancer death; 'CAN FAT/name of acancer’
4. total cases of cancer desath; 'CAN FAT/TOTAL'
5. casesof agiven cancer injury; 'CAN INJname of a cancer'
6. total casesof cancer injury; '‘CAN INJTOTAL'

VaiableName - 11DIS1

VaiableType - Integer, Array

Allowed Range - 1<=vadue<=NUMRAD

Explanation - Defines the inner gpatia interva of the region of interest for this result.
The user must supply NUM 1 vaues in column two of the data block.
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Variable Name 12DI1S1

Variable Type Integer, Array

Allowed Range - 11DIS1 <= value<= NUMRAD

Explanation Defines the outer spatial interva of the region of interest for this result.

The user must supply NUM 1 values in column three of the data block.

Note: In order to obtain the CCDF tables of a consequence measure requested in this section,
append the character string 'CCDF to the line requesting that result as the fourth item
on the datacard. The CCDF tableswill be printed on the List Output File (unit 6).

ExampleUse -
* TOTAL NUMBER OF A G VEN EFFECT (LATENT CANCER, EARLY DEATH, EARLY
* | NJURY)

*

* NUMBER OF DESI RED RESULTS OF THI S TYPE

*

TYPE1INUMBER 8
*

TYPELOUTO01 ' ERL FAT/ TOTAL' 1 26 CCDF (0 TO 1000 *
M LES)

TYPELOUT002  'ERL INJ/CLP, PRL, CONVL' 1 26

TYPELOUTO03 ' ERL | NJ/ M OSI S/ RHI NORRH 1 26

TYPELOUT004 ' ERL | NJ/ SWEATI NG FASCI C 1 26

TYPELOUTO05 ' ERL FAT/ TOTAL' 1 12 CCDF (0 TO 1000 *
M LES)

TYPELOUTO06  'ERL INJ/CLP, PRL, CONVL' 1 12

TYPELOUT007 ' ERL | NJ/ M OSI S/ RHI NORRH 1 12

TYPELOUTO08 ' ERL | NJ/ SWEATI NG FASCI C 1 12

C.13 User-Requested Early Fatality Radius (T2)

It may be of interest to know the grestest distance at which a specified level of early
fatality risk is exceeded. By turning on this result, the user can obtain information about the
gze of theregion in which early fataities are predicted to occur.

VaidbleName - NUM2

VaiableType - Integer, Scdar

Allowed Range - O<=vdue<=10

Explanation - The number of results of thistype to be calculated.
VaidbleName - RISTHR

VaidbleType - Red, Scdar

Allowed Range - 0.0<=vaue<=10
Explanation Defines the risk threshold used for calculating the fatality radius (reported
in kilometers). The user must supply NUM2 vaues in column one of the
datablock. Thisisthe only array in the data block.
Note: In order to obtain the CCDF tables of a consequence measure requested in this section,
append the character string 'CCDF to the line requesting that result as the second item
on the datacard. The CCDF tableswill be printed on the List Output File (unit 6).

Example Use -
FURTHEST DI STANCE AT WHICH A G VEN RI SK OF EARLY DEATH | S EXCEEDED.

NUMBER OF DESI RED RESULTS OF TH S TYPE

* % ok X
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TYPE2NUMBER 1
*
* FATALI TY Rl SK THRESHOLD

*

TYPE2QUT001 O.

C.14 User-Requested Population Exceeding a Dose Threshold (T3)

Within the EARLY module aone, it may be of interest to know how many people
received doses exceeding certain levels. This information can be obtained by requesting the
production of the result described below. It is important to remember that this consequence
measure is caculated solely on the basis of the dose cdculations performed in the EARLY
module.

The user can specify two types of doses to be used for the comparison: acute and
lifetime. "Acute' dose is used by the code for caculating early fatdity and early injury hedth
effects (see Section C.8). For each organ, the "acute’ dose is caculated with the set of dose
reduction factors defined in that section. The lifetime dose is used for the caculation of cancer
fatality and cancer injury hedlth effects (see Section C.10). It represents the O- to 50-year
lifetime dose commitment to a reference man which results from exposure during the
emergency phase (EARLY) time period.

VaidbleName - NUM3

VaiableType - Integer, Scdar

Allowed Range - O<=vdue<=10

Explanation - The number of results of thistype to be calculated.

VaiableName - NAME

VaiableType - Character, Scaar

Allowed Range - 2<=length<=10

Explanation - Defines the name of the organ to which the dose threshold applies. This
organ must be found on the list of organs, ORGNAM. The user must
supply NUM3 vaues in column one of the data block.

VaiableName - DOSTH3

VaiableType - Red, Array
Allowed Range - 0.0 <=vaue <= 1000.0
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Explanation - Defines the dose threshold that will be used for counting the population.
The user must supply NUM3 vaues in column two of the data block.
Note: In order to obtain the CCDF tables of a consequence measure requested in this section,
append the character string 'CCDF to the line requesting that result as the fourth item
on the datacard. The CCDF tableswill be printed on the List Output File (unit 6).

Example Use -

* NUMBER OF PEOPLE WHOSE DOSE TO A G VEN ORGAN EXCEEDS A G VEN
THRESHOLD.

*

* NUMBER OF DESI RED RESULTS OF THI S TYPE

*

TYPESNUMBER 6
*

* ORGAN NAME ~ DOSE THRESHOLD DOSE FLAG
*

TYPE3QUTO01 ' VI NIGA 0.7  AQUTE

TYPE3QUT002 ' VSK2GA' 150.0  AQUTE

TYPE3QUT003 ' LSK3GA' 15.0  ACUTE

TYPE3OUT004 ' LSKAGA' 8.8  AQUTE

TYPE3QUT005 ' VNESGA' 0.005 ACUTE

TYPE3QUT006 ' VSK6GA' 20.0  ACUTE

C.15 User-Requested Average Individual Risk (T4)

Average individua risk is obtained by taking the sum of the risk valuesin dl sectors a
agiven distance and dividing it by the number of sectors.

Note: Direct exposure includes the inhalaion dose to the people living around the facility.
The risk presented in this result does not include doses from ingestion of food and
water by the region's population or doses to decontamination workers working in the
region.

VaidbleName - NUM4

VaiableType - Integer, Scdar

Allowed Range - O<=vdue<=20

Explanation - The number of results of thistype to be calculated.

VaidbleName - 11DIA

VaiableType - Integer, Array

Allowed Range - 1<=vadue<=NUMRAD

Explanation - Radid gpatid interval of the distance of interest. The user must supply
NUM4 vauesin column one of the data block.

VaidbleName - NAME
VaidbleType - Character, Array
Allowed Range - 10<=length<=24
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Explanation - Name of the hedlth effect risk. Average individua risk may be caculated
for five types of hedth effects.
1. risk of early fatdity; 'ERL FAT/TOTAL'
2. risk of agiven early injury; 'ERL INJname of an injury’
3. risk of agiven cancer death; 'CAN FAT/name of a cancer'
4. risk of cancer death; 'CAN FAT/TOTAL'
5. risk of agiven cancer injury; 'CAN INJname of a cancer'
The user must supply NUM4 vaues of NAME in column two of the data block.

Note: In order to obtain the CCDF tables of a consequence measure requested in this section,
append the character string 'CCDF to the line requesting that result as the third item on
the data card. The CCDF tableswill be printed on the List Output File (unit 6).

Example Use -

360 DEGREE AVERAGE RISK OF A G VEN EFFECT AT A G VEN DI STANCE.

POSSI BLE TYPES OF EFFECTS ARE:

" ERL FAT/ TOTAL'
"ERL 1 NJ/ 1 NJURY NAME
' CAN FAT/ CANCER NAME'
" CAN FAT/ TOTAL'

NUMBER OF DESI RED RESULTS OF TH S TYPE

L IR R R A R

YPEANUMBER 6

*

RADI AL | NDEX  TYPE OF EFFECT

*

TYPE4QUT001 1 " ERL FAT/ TOTAL'
TYPE4QUT002 2 "ERL FAT/ TOTAL'
TYPE4QUT003 3 " ERL FAT/ TOTAL'
TYPE4AQUT004 4 " ERL FAT/ TOTAL'
TYPE4QUT005 5 " ERL FAT/ TOTAL'
TYPE4QUT006 6 " ERL FAT/ TOTAL'

C.16 User-Requested Population Dose (T5)

The total long-term population dose to a given organ resulting from the contamination
of a specified region can be calculated. The user must supply the name of the target organ as
well as the inner and outer spatid intervals of the region of interest. If only the EARLY
module is being run, this result reflects only the pathways consdered by EARLY .

VaiableName - NUM5

VaiableType - Integer, Scdar

Allowed Range - O<=vdue<=10

Explanation - The number of results of thistype to be caculated.

VaidbleName - NAME

VaiadbleType - Character, Scdar

Allowed Range - 2<=length<=10

Explanation - Defines the name of the organ to which the population dose applies. This
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organ must be found on the list of organs, ORGNAM. The user must
supply NUMS5 vauesin column one of the data block.

VaiableName - 11DIS5

VaiableType - Integer, Array

Allowed Range - 1<=vadue<=NUMRAD

Explanation - Defines the inner spatia interva of the region of interest for this result.
The user must supply NUMS5 vaues in column two of the data block.

VaiableName - 12DIS5

VaiableType - Integer, Array

Allowed Range - 11DIS5 <= value<= NUMRAD

Explanation - Defines the outer spatial interval of the region of interest for this result.
The user must supply NUMS5 values in column three of the data block.

Note: In order to obtain the CCDF tables of a consequence measure re-quested in this
section, append the character string 'CCDF to the line requesting that result as the
fourth item on the data card. The CCDF tables will be printed on the List Output File

(unit 6).
Example Use -
* RESULT 5 OPTI ONS BLOCK, LOADED BY | NOUT5, STORED I N /| NOUTS/
*
* TOTAL POPULATI ON DOSE TO A G VEN ORGAN BETWEEN TWO DI STANCES.
*
* NUMBER OF DESI RED RESULTS OF THI' S TYPE
*
TYPESNUMVBER 1
*
* ORGAN | 1Dl S5 | 2Dl S5
*
TYPE5QUT001 ' LSK3GA 1 12 (0-10 M LES)

C.17 User-Requested Centerline Dose vs. Distance (T6)

If the straight-line plume modd was chosen (IPLUME=1), the code can keep track of
centerline dose between a range of distances for the various pathways. The centerline dose at
each distance is treated as a separate result and OUTPUT will generate a set of results for each
of the radid spatid intervas within the specified range. Depending on the exposure pathways
specified, this result will be caculated by EARLY (see below). The pathway vaues are
produced by EARLY. For adescription of effective acute dose, please refer to Section C.8.

An dternative method for examining centerline dose from EARLY done is to set the
output control variable, IPRINT, to a vaue greater than zero. If thisis done, alisting of dose
vs. distance for dl the organs will be printed on the list output. Since this is written for each
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wegther trid, it isrecommended that this be done only for sSingle weether tria runs.

VaiableName - NUM6
VaiableType - Integer, Scdar
Allowed Range - O<=vdue<=10
Explanation - The number of results of thistype to be calculated.
Note: unless IPLUME=1, you must specify avaue of zero.
PATHNM DESCRIPTION
1.CLD cloudshine dose (not used in CHEM_MACCS)
2.GRD groundshine dose (not used in CHEM_MACCYS),
3.INH ACU €ffective acute dose from inhdation of the plume as it
passed overhead,
4. INH LIF lifetime dose commitment from inhdation of the plume as
it passed overhead,

5. TOT ACU totd effective acute dose being the sum of CLD, GRD,
INH ACU, and RESACU,

6. TOT LIF tota lifetime dose commitment from al direct exposure
pathways being the sum of CLD, GRD, INH LIF, and
RESLIF,

7. RESLIF lifetime dose commitment from inhaation of resuspended
materid after plume passage,

8. RESACU dffective acute dose from inhdation of resuspended
materid after plume passage.

Note: The pathway name for 'SKIN' will ignored by the code since thereis only one exposure
pathway for skin (direct dry deposition to the skin). The user must supply a vaue for
the pathway name in al cases. For the case of skin as the target organ, it does not
matter which of the eight pathways listed above is supplied.

VaiableName - ORGNAM

VaiableType - Character, Scaar

Allowed Range - 2<=length<=10

Explanation - Defines the names of the organs for which centerline doses are to be

reported. These organs must be found on the list of organs, ORGNAM.
The user must supply NUMG6 vaues in column one of the data block.
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Variable Name
Variable Type
Allowed Range
Explanation

Variable Name
Variable Type
Allowed Range
Explanation

Variable Name
Variable Type
Allowed Range
Explanation

Note:

- PATHNM

- Character, Scalar

- 3<=length<=7

- Defines the names of the pathways for which centerline doses are to be
reported. The name of each pathway must be on the list of pathways
below. The user must supply NUMG6 vaues in column two of the data
block.

- 11DIS6

- Integer, Array

- 1<=vdue<=NUMRAD

- Defines the inner spatid interva of the region of interest for this result.
The user must supply NUMG6 values in column three of the data block.

- 12DIS6

- Integer, Array

- 11DIS6 <= vaue<= NUMRAD

- Defines the outer spatial interval of the region of interest for this result.
The user must supply NUMG6 vaues in column four of the data block.

In order to obtain the CCDF tables of a consequence measure requested in this section,

append the character string 'CCDF to the line requesting that result as the fifth item on
the data card. The CCDF tableswill be printed on the List Output File (unit 6).

Example Use -

* CENTERLI NE DOSE TO AN ORGAN VS DI ST BY PATHWAY, PATHWAY NAMES ARE AS
* FOLLONS:

*

* PATHWAY NAME:

* ' CLD - CLOUDSHI NE (not used i n CHEM MACCS)

* ' GRD - GROUNDSHI NE (not used in CHEM MACCS)

* "I NH ACU -"ACUTE DOSE EQUI VALENT" FROM DI RECT | NHALATI ON OF THE

* CLOUD

* "INH LIF -"LI FETI ME DOSE COW TMENT" FROM DI RECT | NHALATI ON OF THE

* CLOUD

* ' RES ACU -"ACUTE DOSE EQUI VALENT" FROM RESUSPENSI ON | NHALATI ON

* "RES LIF -"LI FETI ME DOSE COVMM TMENT" FROM RESUSPENSI ON | NHALATI ON

* ' TOT ACU -"ACUTE DOSE EQUI VALENT" FROM ALL PATHWAYS

* " TOT LIF -"LI FETI ME DOSE COW TMENT" FROM ALL PATHWAYS

*

* NUMBER OF DESI RED RESULTS OF THI' S TYPE

*

TYPE6NUMVBER 1

*

* ORGNAM PATHNM |1DIS6 12Dl S6

*

TYPE6OUTO01 ' VI NIGA ' TOT ACU 1 19 (0-50 M LES)

* TYPE6OUT002 ' LSK3GA "TOT LIF 1 26 (0-1000 M LES)

C.18 User-Requested Centerline Risk vs. Distance (T7)
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If the straight-line plume model was chosen (IPLUME=1), the code can keep track of
centerline risk between two specified spatia intervas for the various types of hedth effects.
Centerline risk is caculated for hypothetical individuas located directly under the path of the
plume who are exposed to the Gaussan pesk of the air and ground concentrations. The
centerline risk at each distance in the region is treated as a separate result and OUTPUT will
generate a distribution of the consequence measure for each of the spatid intervas within the
Specified range.

Note: The risk presented in this result does not include societal doses from ingestion of any
food and water contaminated as a result of the accident or doses to decontamination
workers working in the contaminated area.

VaidbleName - NUM7

VaiableType - Integer, Scdar

Allowed Range - O<=vdue<=10

Explanation - The number of results of thistype to be caculated.

Note: Unless IPLUME=1, you must specify avaue of zero.

VaidbleName - NAME

VaidbleType - Character, Array

Allowved Range - 10<=length<=24

Explanation - Defines the option for results of Type 7, centerline risk of a given type of

hedth effect. Depending on the vaue of NAME, six different types of
results may be produced. They are listed below dong with examples of
their use. The user must supply NUM7 vaues in column one of the data
block.

risk of early fatdity; 'ERL FAT/TOTAL'

risk of agiven early injury; 'ERL INJname of an injury’

risk of agiven cancer death; 'CAN FAT/name of a cancer’

risk of cancer death; 'CAN FAT/TOTAL'

risk of agiven cancer injury; 'CAN INJname of a cancer’

risk of cancer injury; '‘CAN INJTOTAL'

oSoukhwbdrE
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VaiableName - 11DIS7

VaiableType - Integer, Array

Allowed Range - 1<=vadue<=NUMRAD

Explanation - Defines the inner spatia interva of the region of interest for this result.
The user must supply NUM7 vaues in column two of the data block.

VaiableName - 12DIS7

VaiableType - Integer, Array

Allowed Range - 11DIS7 <= value<= NUMRAD

Explanation - Defines the outer spatid interval of the region of interest for this result.
The user must supply NUM7 values in column three of the data block.

Note: In order to obtain the CCDF tables of a consequence measure requested in this section,
append the character string 'CCDF to the line requesting that result as the fourth item
on the datacard. The CCDF tableswill be printed on the List Output File (unit 6).

Example Use -

* CENTERLINE RISK OF A G VEN EFFECT VS DI STANCE

* NUVBER CF DESIRED RESULTS CF THI'S TYPE

TYPE7TNUMBER 1
*

* NAVE | 1DI S7 | 2DI S7

*

TYPE7OUT001 ' ERL FAT/ TOTAL' 1 19 (0-50 M LES)
* TYPE7QUT002 " CAN FAT/ TOTAL' 1 26 (0- 1000
M LES)

C.19 User-Requested Population-Weighted Risk (T8)

The population-weighted hedth effect risk is obtained by cdculating the cases of a
hedlth effect in a certain region and then dividing by the total population in the region. It takes
account of both the population distribution and the wind rose.

Note: Therisk presented in this result does not include the societal pathways of (1) ingestion
of contaminated food and water or (2) doses to decontamination workers working in
the area.

VaidbleName - NUM8

VaiableType - Integer, Scdar

Allowed Range - O<=vdue<=20

Explanation - The number of results of thistype to be caculated.

VaidbleName - NAME

VaidbleType - Character, Array

Allowved Range - 10<=length<=24

Explanation - Defines the names of the Type 8 results to be cdculated: population-
weighted risk of a given type hedth effect. Depending on the vaue of
NAME, sx different types of results may be produced. These six options
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are listled below aong with examples of their use. The user must supply
NUMS8 vauesin column one of the data block.

risk of early fataity; 'ERL FAT/TOTAL'

risk of agiven early injury; 'ERL INJname of an injury’

risk of agiven cancer death; 'CAN FAT/name of a cancer’

risk of cancer death; 'CAN FAT/TOTAL'

risk of agiven cancer injury; 'CAN INJname of a cancer'

risk of cancer injury; 'CAN INJTOTAL'

ok wdrE

VaiableName - 11DIS8

VaiableType - Integer, Array

Allowed Range - 1<=vdue<=NUMRAD

Explanation - Defines the inner spatia interva of the region of interest for this result.
The user must supply NUMS8 vaues in column two of the data block.

VaiableName - 12DIS8

VaiableType - Integer, Array

Allowed Range - 1<=vdue<=NUMRAD

Explanation - Defines the outer spatial interval of the region of interest for this result.
The user must supply NUMS8 values in column three of the data block.

Note: In order to obtain the CCDF tables of a consequence measure requested in this section,
append the character string 'CCDF to the line requesting that result as the fourth item
on the datacard. The CCDF tableswill be printed on the List Output File (unit 6).

Example Use -
* POPULATI ON WEI GHTED FATALI TY RI SK BETWEEN 2 DI STANCES

*

* NUMBER OF DESI RED RESULTS OF THI S TYPE

*

TYPESNUMBER 1
*

* NAVE 1D S8 12D S8

*

TYPESQUTO01 ' ERL FAT/ TOTAL' 1 5 CCDF (O-EXCL ZONE + 1 M)
*TYPESQUT002 ' CAN FAT/ TOTAL' 1 12 CCDF (0-10 M LES)

C.20 User-Requested Early Fatality Radius (T9)
It may be of interest to know the grestest distance at which a specified level of early

injury risk is exceeded. By turning on this result, the user can obtain information about the size
of the region in which an early injury is predicted to occur.
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VaidbleName - NUM9

VaiableType - Integer, Scdar

Allowed Range - O<=vdue<=10

Explanation - The number of results of thistype to be caculated.
VaidbleName - RISTHR

VaidbleType - Red, Scdar

Allowved Range - 0.0<=vadue<=1.0

Explanation Defines the risk threshold used for caculating the injury radius (reported
in kilometers). The user must supply NUM9 vaues in column one of the
datablock. Thisisthe only array in the data block.

NotetoUsers.  In order to obtain the CCDF tables of a consequence measure requested in
this section, agppend the character string 'CCDF to the line requesting that
result as the second item on the data card. The CCDF tables will be printed
on the List Output File (unit 6).

Example Use of NUM9 and RISTHR:
FURTHEST DI STANCE AT WHICH A G VEN RI SK OF EARLY | NJURY | S EXCEEDED.

NUMBER OF DESI RED RESULTS OF TH S TYPE

*
*
*
*
TYPEONUMBER 3
*
* I NJURY Rl SK THRESHOLD
*
*
*

El NAVE RISK  DOSE
THRESHOLD FLAG

*
TYPEQQUTO01 ' CLP, PRL, CONWL' 0.1  AQUTE
TYPEQQUT002 ' M GSI S/ RHI NORRH 0.1  AQUTE
TYPEQQUT003 ' SWEATI NG/ FASCI C 0.1  AQUTE

C.21 User-Requested Population Exceeding a Dose Threshold (T10)

It may be of interest to know the area of land contaminated in excess of a certain level.
This information can be obtained by requesting results as described below. This consequence
measure is obtained on the basis of the ground contamination calculations performed in the
EARLY module.

VaiableName - NUMO

VaiableType - Integer, Scdar

Allowed Range - 0<=vadue<=10

Explanation - The number of results of thistype to be calculated.
VaiadbleName - NAMEO

VaiadbleType - Character, Scdar

Allowed Range - 2<=length<=10
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Explanation - Définesthe name of the chemica speciesfor which the land contamination
threshold applies.  This chemical species must be found on the li,
NUCNAM. The user must supply NUMO vaues in column one of the

data block.
VaiableName - GCTHRO
VaiableType - Red, Array

Allowed Range - 0.0 <=vaue <= 1000.0
Explanation Defines the ground concentration (kg/m?) threshold that will be used. The
user must supply NUMO vauesin column two of the data block.

NotetoUsers.  In order to obtain the CCDF tables of a consequence measure requested in
this section, append the character string 'CCDF to the line requesting that
result as the fourth item on the data card. The CCDF tables will be printed
on the List Output File (unit 6).

Example Use of NUMO, NAMEQ, and GCTHRO
* AREA W TH GROUND CONCENTRATI ON OF A G VEN AGENT EXCEEDI NG A THRESHOLD

* NUMBER OF DESI RED RESULTS OF THI S TYPE
*

TYPEONUMBER 4
*

GROUND CONC.
* SPECIES THRESHOLD DOSE
* NAVE (kg/ m'2)  FLAG
*
TYPEOOUTO01  'GA-LIQ 0.1E-3  ACUTE
TYPEOOUT002 ' GB-LIQ 0.1E-3  ACUTE
TYPEOOUTO03 ' VX-LIQ 0.1E-3  ACUTE
TYPEOOUT004  'HD-LIQ 0.1E-3  ACUTE
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MACCS 06/23/95 12:09:59 CHEM MACCS VERSION 1S, F. ERIC HASKIN, 2/3/95
P1: ATMOS USER INPUT (UNIT 24) = VX A 1.INP
P2:  EARLY USER INPUT (UNIT 25) = VX_A 2.INP
P3: CHRONC USER INPUT (UNIT 26) = ""
DOSE FACTCRS (UNIT 27) = DCSDATA. | NP
P4:  NMETEOROLOGY DATA (UNIT 28) = METDATA | NP
P5:  SITE DATA INPUT (UNIT 29) = SDPSIT. | NP
P6: LI'ST QUTPUT (UNIT 06) = VX_ACRI . OUT

USER INPUT | S READ FROM UNI T 24

RECCRD | DENTI FI ER FIELDS 11 CHARACTERS LONG ARE EXPECTED.

THE FI RST 100 COLUWMNS CF EACH | NPUT RECORD ARE PROCESSED.

THE MAXI MUM NUMBER OF | DENTI FI ER RECORDS THAT MAY BE SAVED AS THE BASE CASE IS 1000.

RECCRD
NUVBER RECCRD

* GENERAL DESCRI PTIVE TI TLE DESCRI BI NG TH S "ATMOS" | NPUT
*
1 RIATNAMIOO1 'VX A 1.1NP, CHEM MACCS EXAVPLE PRCBLEM VX_A, ATMOS | NPUT'

LR S A E

* CGEOMETRY DATA BLOCK, LOADED BY | NPGEQ, STORED I N / GEOM
*

* NUMBER OF RADI AL SPATI AL ELEMENTS

*

GESPAENDOOS 160. 93 241. 14 321.87 563. 27 804. 67
GESPAENDO06  1609. 34

LR A R E

* CHEM CAL SPECI ES DATA BLOCK, LQADED BY I NPI SO, STORED I N /1 SONAM
*

2 GENUVRADOO1 26
*

3 GESPAENDOO1 .16 .52 1.21 1.61 2.13
4 GESPAENDO02 3.22 4.02 4.83 5. 63 8. 05
5 GESPAENDOO3 11. 27 16. 09 20.92 25.75 32.19
6 GESPAENDO04 40. 23 48. 28 64. 37 80. 47 112. 65
7

8

* NUMBER OF CHEM CAL SPECI ES
*
9 |ISNUM SC001 2
*
* CHEM CAL SPECI ES DATA

*
* CHEM CAL SKI' N DEP.
* SPECI ES WETDEP  DRYDEP  VELOCI TY
*

10 1 SOTPGRPO01  VX-LIQ . TRUE. . TRUE. 0.01

11 [ SOTPGRP002  VX- VAP . TRUE. . TRUE. 0.01

LR s

: WET DEPCSI TI ON DATA BLOCK, LOADED BY | NPWET, STORED I N / WETCON
: WASHOUT COEFFI CI ENT NUMBER ONE, LI NEAR FACTOR

12 Y‘DO/\ASH].OOl 9.5E-5 (JON HELTON AFTER JONES, 1986)
: WASHOUT COEFFI CI ENT NUMBER TWO, EXPONENTI AL FACTCR

13 WDCWASH2001 0.8 (JON HELTON AFTER JONES, 1986)

LR R AR R

* DRY DEPCSI TI ON DATA BLOCK, LOADED BY | NPDRY, STORED | N / DRYCON
*



14

15

16

17

18

19

20

21

22

23

24

: NUMBER COF PARTI CLE SI ZE GROUPS

LJIPSGRPOOI 2

: DEPCSI TI ON VELOCI TY OF EACH PARTI CLE SI ZE GROUP (M S)

DDVDEPCS001  0.001 0.01

Kk K Kk Kk K Kk K Kk ko Rk R Rk R Rk R Kk ok R Rk R Rk R Rk R Rk K Rk K R Kk K K
: DI SPERSI ON PARAMETER DATA BLOCK, LQADED BY INPDI'S, STORED IN /DI SPY/, /D SPz/
:SIG\/A:AX**B WHERE A AND B VALUES ARE FROM TADMOR AND GUR (1969)

: LI NEAR TERM OF THE EXPRESSI ON FCR SI GVA-Y, 6 STABILITY CLASSES

: STABI LITY CLASS: A B C D E F

DPCYSI GAOO1  0.3658 0.2751 0.2089 0.1474 0.1046 0.0722

*
: EXPONENTI AL TERM OF THE EXPRESSI ON FOR SI GVA-Y, 6 STABILITY CLASSES
: STABI LITY CLASS: A B C D E F
?CYSI GB001 . 9031 . 9031 . 9031 . 9031 . 9031 . 9031

: LI NEAR TERM OF THE EXPRESSI ON FCR SI GVA-Z, 6 STABI LI TY CLASSES

: STABI LITY CLASS: A B C D E F
?CZSI GAOO1  2.5E-4 1.9E-3 .2 .3 .4 .2

: EXPONENTI AL TERM OF THE EXPRESSI ON FOR S| GVA-Z, 6 STABILITY CLASSES
: STABI LITY CLASS;, A B C D E F
?CZSI GB001 2.125 1.6021 . 8543 . 6532 . 6021 . 6020

* LI NEAR SCALI NG FACTCR FOR SI GVA-Y FUNCTI ON, NORVALLY 1

*

DPYSCALEOO1 1.

*

* LI NEAR SCALI NG FACTCR FOR Sl GVA- Z FUNCTI ON,

*  NORMALLY USED FOR SURFACE ROUGHNESS LENGTH CORRECTI ON.

* (Z1 /1 z0) ** 0.2, FROM CRAC2 VE HAVE (10 CM/ 3 CM ** 0.2 = 1.27
*

DPZSCALEOO1 1.27

LR R RS SRR RS E RS EEE SRS E RS R RS SRS E SRR R R EEEEEEEEEEEEEEREEEEEEEEEEEEEE IS
* EXPANSI ON FACTOR DATA BLOCK, LQADED BY | NPEXP, STORED | N / EXPAND/
*

* TIME BASE FOR EXPANSI ON FACTOR ( SECONDS)

*

PMTI MBASO01 600. (10 M NUTES)

*

* BREAK PO NT FOR FORMULA CHANGE ( SECONDS)

*

PMBRKPNT001  3600. (1 HOUR

*

* EXPONENTI AL EXPANSI ON FACTCR NUMBER 1

*

PMXPFAC1001 0.2

*

* EXPONENTI AL EXPANSI ON FACTCR NUMBER 2
*



25

26

27

28

29

30

31

32

33

34

35

36

37

PMXPFAC2001 0.25
LR R R E

* PLUME RI SE DATA BLOCK, LQADED BY I NPLRS, STORED I N / PLUVRS/
*

* SCALI NG FACTOR FOR THE CRI TI CAL W ND SPEED FCR ENTRAI NVENT OF A BOUYANT PLUVE
* (USED BY FUNCTI ON CAUGHT)
*

PRSCLCRW)01 1.
*

* SCALI NG FACTOR FOR THE A-D STABI LI TY PLUVE Rl SE FORMULA
* (USED BY FUNCTION PLMRIS)
*

PRSCLADPOO1 1.
*

* SCALI NG FACTOR FOR THE E-F STABILITY PLUVE Rl SE FORMULA
* (USED BY FUNCTION PLMRIS)
*

PRSCLEFPO01 1.

LR RS SRR E RS EEEE SRR E SRR R RS SRS E RS EEE R EEEEEEEEEEEEEEEEEEEEEEREEEEEESESE]
* WAKE EFFECTS DATA BLOCK, LOADED BY | NPWAK, STCRED I N /Bl LWAK/

*

* BU LDI NG W DTH ( METERS)

*

WEBU LDWO01  40.

*

* BU LDl NG HEI GHT ( METERS)

*

WEBU LDHOO1  50.

LR RS SRR R RS E S SRR R SRR E RS SRR EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEESE]
* RELEASE DATA BLOCK, LQADED BY | NPREL, STORED I N /ATNAMR/, /MJLREL/

*

RDATNAMROO1 ' CHEM MACCS EXAMPLE SCQURCE TERM VX

*

* TIME AFTER ACCI DENT | NI TI ATI ON WHEN THE ACCI DENT REACHES GENERAL EMERGENCY
* CONDI TI ONS (AS DEFI NED | N NUREG 0654), OR WHEN PLANT PERSONNEL CAN RELI ABLY
* PREDI CT THAT GENERAL EMERGENCY CONDI TI ONS W LL BE ATTAI NED

*

RDCALARMDO1 1300.

*

* NUMBER OF PLUME SEGMVENTS THAT ARE RELEASED

*

RDNUVRELO001 2

*

* SELECTI ON OF RI SK DOM NANT PLUMVE

*

RDVAXRI SO001 1

*

* REFERENCE TI ME FOR DI SPERSI ON

*

RDREFTI MDO1 0.00 0.50

*

* HEAT CONTENT OF THE RELEASE SEGVENTS (
* A VALUE SPECI FI ED FOR EACH OF THE RELEASE SEGVENTS
*

RDPLHEAT001 3. 7TE+6 1. 7E5
*

* HEI GHT OF THE PLUME SEGMVENTS AT RELEASE (M
* A VALUE SPECI FI ED FOR EACH OF THE RELEASE SEGVENTS
*

RDPLH TEOO1 0. 0.
*
* DURATI ON OF THE PLUVE SEGVENTS (S)



38

39

40
41

42
43

44

45
46

47
48

49

* A VALUE SPECI FI ED FOR EACH OF THE RELEASE SEGVENTS
*

RDPLUDUROO1 1800. 22000.

*

* TIME OF RELEASE FOR EACH PLUVE
* A VALUE SPECI FI ED FOR EACH OF THE RELEASE SEGVENTS
*

RDPDELAY001 3700. 10000.
*

* PARTI CLE SI ZE DI STRI BUTI ON OF EACH CHEM CAL SPECI ES
* THE FRACTI ONS FOR EACH CHEM CAL SPECI ES (RON MJUST SUM TO ONE.

0.001 mi's 0.01 m's

* ok %

RDPSDI ST001 0.0 1.0 *VX- LI Q
RDPSDI ST002 1.0 0.0 *VX- VAP

*

*

* | NVENTCRY OF EACH CHEM CAL SPECI ES SUBJECT TO RELEASE
*

* CHEM CAL QUANTI TY

* SPECI ES RELEASED

. (ko)

*

RDCCRI NV0O1 VX- LI Q 1. 000E+02

RDCOR! NV002 VX- VAP 1. 000E+02

*

* SCALI NG FACTOR TO ADJUST THE | NVENTORY

*

RDCCRSCA001 1. 000
RELEASE FRACTI ONS FOR CHEM CAL SPECI ES BY PLUVE

* ok ok F ok

PLUME: VX-LIQ  VX- VAP
RDRELFRC001 0. 9E+0 0. 9E+0
RDRELFRC002  0.1E+0 0. 1E+0

IR R SRR SRR E RS SRS SRR RS EE SRR SRS E SRR R RS EEEEEEEEEEEEEEEEEEREEEEREEEEEESEE]
* QUTPUT CONTRCL DATA BLOCK, LOADED BY | NPOPT, STORED I N /STOPME/, [ ATMOPT/
*
* FLAG TO I NDI CATE THAT THIS I S THE LAST PROGRAM I N THE SERI ES TO BE RUN
*
OCENDAT1001 .FALSE. (SET TH'S VALUE TO . TRUE. TO SKI P EARLY AND CHRONC)
*
OCl DEBUGD01 O
*
* NAME OF THE CHEM CAL SPECI ES TO BE LI STED ON THE DI SPERSI ON LI STI NGS
*
*OCNUCQUT001  VX- VAP
IR R SRR EE RS EEEE SRR E SRR R RS SRS EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEREEEEEEESE]
* METEOROLOG CAL SAMPLI NG DATA BLOCK
METEOROLOG CAL SAMPLI NG OPTI ON CCDE:
METCCD = 1, USER SPECI FI ED DAY AND HOUR I N THE YEAR (FROM MET FI LE),
2, WEATHER CATEGCRY BI N SAMPLI NG
, 120 HOURS OF WEATHER SPECI FI ED ON THE ATMOS USER | NPUT FI LE,

, CONSTANT MET ( BOUNDARY WEATHER USED FROM THE START),
, STRATI FI ED RANDOM SAMPLES FOR EACH DAY OF THE YEAR

* ok ok ok ok % ok b 3k

absw

MLMETCODOO1 2
*



* HOUR OF DAY INTERVAL IN VH CH ACCIDENT MIST BEG N
- HRINIA  HRINIB
50 MHR NI T001 8.0 17.0
* LAST SPATIAL | NTERVAL FOR MEASURED VEATHER
51 M2LIMSPAOOL 25
* BOUNDARY VEATHER M XI NG LAYER HEl GHT
52 MPBNDVKHOOL 1000. (METERS)
* BOUNDARY VEATHER STABI LI TY CLASS | NDEX
53 M2IBDSTBOOL 4 (D-STABI LI TY)
* BOUNDARY VEATHER RAIN RATE
54 MPBNDRANOOL 5. (MM HR)
* BOUNDARY VEATHER WND SPEED
55  MZBNDVKDOOL 5. (MS)
* NUMBER OF RAIN DI STANCE | NTERVALS FOR BI NN NG
56 MINRNINTOOL 5
ENDPOI NTS OF THE RAI N DI STANCE | NTERVALS (Kl LQVETERS)

*

*

* NOTE: THESE MJUST BE CHOSEN TO MATCH THE SPATI AL ENDPQO NT DI STANCES
* SPECI FI ED FOR THE ARRAY SPAEND (10 % ERROR | S ALLOVED) .

*

57 !}M-RI\DSTSOOl 3.22 5.63 11.27 20.92 32.19
: NUMBER OF RAI N | NTENSI TI'Y BREAKPO NTS
58 DM-RRI NTNOO1 3
: RAI'N | NTENSI TY BREAKPO NTS FCR WEATHER BI NNI NG (M LLI METERS PER HOUR)
59 !}M-RI\RATEOOl 2. 4. 6.
: NUMBER OF SAMPLES PER BIN
60 !}M-NSNPLSOOl 4 (TH S NUMBER SHOULD BE SET TO 4 FOR RI SK ASSESSMENT)
: I'NI TIAL SEED FOR RANDOM NUMBER GENERATOR
61 Ml RSEEDOO1 79
*xxxxx*x TERM NATOR RECCRD ENCOUNTERED -- END OF BASE CASE USER | NPUT *******x

USER | NPUT PROCESSI NG SUMVARY - BASE CASE

NUMBER OF RECORDS READ = 282
NUMBER OF BLANK OR COMVENT RECORDS READ = 220
NUMBER OF TERM NATOR RECORDS = 1
NUMBER OF RECORDS PROCESSED = 61



NUMVBER OF PROCESSED RECORDS DUPLI CATED
NUMBER OF PROCESSED RECORDS SORTED

0

LR R R

1 RELEASED | NVENTORY OF ALL PLUMVES
VX- LI Q
VX- VAP

9. 00E+01 1. 00E+01
9. 00E+01 1. O0E+01

READI NG FROM A WEATHER FI LE WTH THE FCLLOW NG HEADER
CHEM MACCS MET DATA (SURRY, NRC 12/12/88, CREATED 12/22/88)
MACCS FORMAT- - NUREG- 1150
METEOROLOG CAL DATA FILE CONTAINS 451 HOURS OF OBSERVED RAI N DATA.

©CONOUITRWNE

RERFABBIIIIIRRARAT NI TIMMMMOOOOOO®®

METBI N

OWRWNRPAWNRFROURWNRE AW

COLOOPOOOOOOO000OO000OC0000000000

ACCUMULATED RAI N MEASUREMENTS TOTALED 29.21 I NCHES FCR THE YEAR
CONSTANT LI D HEI GHTS (M FOR 4 SEASONS = 1054 1890 1924 1412
NON- ZERO W NDSPEEDS LESS THAN 0.5 M'S ARE SET TO0.5 M'S

* * * * METEOROLOG CAL BI N SUMVARY * * * *

TIES
RAIN I NTENSI TY | W TH N THE | NTERVAL ENDI NG AT XX

I NTERVAL ENDPOI NTS ARE | N KI LOVETERS FROM THE ACCI DENT SITE, THE 5 |NTERVAL ENDPOINTS ARE 3 6 11

RAIN I NTENSI TIES ARE I N M LLI METERS OF RAIN PER HOUR THE 3 | NTENSI TY BREAKPOI NTS ARE 2.0 4.0
I'NITI AL WEATHER CONDI TI ONS W TH STABI LI TY CLASS S AND W ND SPEED | NTERVAL V

STABILITY CLASSES ARE B = A/B, D=CD, E=FE ANDF=F

W ND SPEED | NTERVALS ARE | N METERS PER SECCND, 1 (0-1), 2 (1-2), 3 (2-3), 4 (3-5), 5 (5-7), 6 (GT 7)

W ND DI RECTI ON

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 TOTAL PER
032 0.041 0.037 0.029 0.077 0.088 0.080 0.055 0.060 0.046 0.039 0.069 0.089 0.090 0.130 0.039 957 10
008 0.075 0.122 0.080 0.042 0.093 0.088 0.094 0.094 0.067 0.053 0.091 0.066 0.011 0.013 0.004 946 10
058 0.093 0.047 0.047 0.116 0.047 0.023 0.058 0.081 0.047 0.047 0.035 0.047 0.070 0.128 0.058 86 0.
035 0.040 0.054 0.063 0.052 0.080 0.052 0.072 0.070 0.072 0.075 0.059 0.084 0.096 0.052 0.042 572 6.
015 0.063 0.066 0.037 0.059 0.066 0.057 0.063 0.083 0.083 0.131 0.079 0.114 0.050 0.031 0.006 544 6.
011 0.088 0.103 0.074 0.036 0.020 0.030 0.149 0.120 0.109 0.093 0.094 0.056 0.003 0.008 0.005 658 7.
014 0.110 0.076 0.076 0.034 0.021 0.083 0.241 0.145 0.028 0.083 0.062 0.028 0.000 0.000 0.000 145 1.
000 0.364 0.000 0.000 0.091 0.000 0.000 0.000 0.000 0.000 0.000 0.545 0.000 0.000 0.000 0.000 11 0.
101 0.081 0.054 0.041 0.108 0.041 0.041 0.041 0.020 0.034 0.034 0.054 0.054 0.095 0.095 0.108 148 1.
060 0.063 0.063 0.063 0.081 0.058 0.037 0.028 0.057 0.069 0.046 0.031 0.100 0.156 0.048 0.039 668 7.
063 0.135 0.080 0.057 0.036 0.036 0.040 0.078 0.135 0.077 0.090 0.018 0.063 0.053 0.015 0.026 758 8.
055 0.240 0.130 0.088 0.052 0.037 0.065 0.120 0.073 0.052 0.035 0.020 0.013 0.002 0.010 0.007 599 6.
138 0.101 0.071 0.039 0.041 0.049 0.056 0.039 0.037 0.028 0.018 0.031 0.027 0.079 0.090 0.155 774 8.
163 0.149 0.065 0.071 0.069 0.049 0.058 0.046 0.082 0.034 0.013 0.013 0.008 0.022 0.053 0.105 759 8.
207 0.290 0.124 0.103 0.076 0.069 0.007 0.014 0.028 0.007 0.007 0.014 0.000 0.007 0.007 0.041 145 1.
167 0.333 0.167 0.000 0.083 0.000 0.000 0.167 0.083 0.000 0.000 0.000 0.000 0.000 0.000 0.000 12 0.
074 0.031 0.037 0.026 0.034 0.074 0.085 0.097 0.071 0.040 0.060 0.105 0.111 0.043 0.063 0.051 352 4.
171 0.024 0.073 0.049 0.024 0.073 0.073 0.049 0.024 0.049 0.024 0.024 0.122 0.049 0.098 0.073 41 0.
097 0.049 0.049 0.010 0.010 0.058 0.039 0.039 0.049 0.029 0.087 0.068 0.165 0.010 0.097 0.146 103 1.
098 0.076 0.045 0.015 0.008 0.053 0.068 0.053 0.030 0.038 0.045 0.098 0.144 0.038 0.106 0.083 132 1.
110 0.055 0.039 0.008 0.031 0.031 0.047 0.071 0.039 0.031 0.047 0.126 0.142 0.063 0.071 0.087 127 1.
108 0.041 0.027 0.068 0.041 0.000 0.014 0.068 0.068 0.068 0.108 0.135 0.081 0.081 0.068 0.027 74 0.
333 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.333 0.000 0.000 0.000 0.000 0.000 0.333 3 0.
125 0.000 0.125 0.000 0.000 0.000 0.000 0.063 0.125 0.063 0.063 0.000 0.063 0.063 0.250 0.063 16 0.
125 0.042 0.167 0.000 0.083 0.000 0.042 0.042 0.083 0.042 0.000 0.042 0.083 0.000 0.125 0.125 24 0.
148 0.000 0.074 0.037 0.074 0.037 0.000 0.000 0.000 0.000 0.037 0.037 0.185 0.037 0.074 0.259 27 0.
059 0.059 0.059 0.059 0.118 0.000 0.059 0.059 0.000 0.059 0.059 0.118 0.000 0.118 0.059 0.118 17 0.
333 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.333 0.000 0.333 3 0.
200 0.000 0.200 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.200 0.000 0.000 0.200 0.200 5 0.
571 0.000 0.000 0.143 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.143 0.143 7 0.
211 0.000 0.000 0.000 0.053 0.053 0.000 0.000 0.000 0.053 0.105 0.000 0.211 0.105 0.053 0.158 19 0.
000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1.000 1 0.
000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.400 0.000 0.200 0.400 5 0.

21
6.0

CENT

. 9247
. 7991

9817
5297
2100
5114
6553
1256
6895
6256
6530
8379
8356
6644
6553
1370
0183
4680
1758
5068
4498
8447
0342
1826
2740
3082
1941
0342
0571
0799
2169
0114
0571

32



35 R4 21 0.071 0.071 0.000 0.000 0.000 0.071 0.143 0.000 0.071 0.000 0.000 0.000 0.143 0.071 0.143 0.214 14 0.1598
36 R4 32 0.125 0.000 0.000 0.000 0.125 0.000 0.125 0.000 0.000 0.125 0.000 0.000 0.125 0.125 0.250 0.000 8 0.0913
37 ALL  0.066 0.095 0.075 0.056 0.054 0.057 0.057 0.074 0.077 0.057 0.055 0.056 0.066 0.054 0.052 0.050 8760
1
* % * * VETEOROLOG CAL BI N SUMMARY * * * *
BI N PRI ORI TI ES
R XX - RAIN INTENSITY | WTH N THE | NTERVAL ENDI NG AT XX
I NTERVAL ENDPOI NTS ARE | N KI LOVETERS FROM THE ACCI DENT SITE, THE 5 INTERVAL ENDPONTS ARE 3 6 11 21 32
RAIN I NTENSI TIES ARE I N M LLI METERS OF RAIN PER HOUR THE 3 | NTENSI TY BREAKPOI NTS ARE 2.0 4.0 6.0
S V- INTAL V\EATI-ERCO\DITIO\ISWTHSTABILITYCLASSSANDWNDSPEEDINTERVALV
STABI LI TY CLASSES ARE B = A/B, D= CUD, E=FE, ANDF
W ND SPEED | NTERVALS ARE | N METERS PER SECOND (M S), 1 (o 1), 2 (1-2), 3 (2-3), 4 (3-5), 5 (5-7), 6 (GT 7)

W ND DI RECTI ON
METBI N 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 TOTAL PER CENT

1B 3 31 39 3 28 74 84 77r 53 57 44 37 66 85 86 124 37 957 10. 9247
2B 4 8 71 115 76 40 88 83 89 89 63 50 86 62 10 12 4 946 10. 7991
3D 1 5 8 4 4 10 4 2 5 7 4 4 3 4 6 11 5 86 0.9817
4D 2 20 23 31 36 30 46 30 41 40 41 43 34 48 55 30 24 572 6. 5297
5D 3 8 3 36 20 32 36 31 34 45 45 71 43 62 27 17 3 544 6. 2100
6D 4 7 58 68 49 24 13 20 98 79 72 61 62 37 2 5 3 658 7.5114
7D 5 2 16 11 11 5 3 12 35 21 4 12 9 4 0 0 0 145 1. 6553
8D 6 0 4 0 0 1 0 0 0 0 0 0 6 0 0 0 0 11 0. 1256
9E 1 15 12 8 6 16 6 6 6 3 5 5 8 8 14 14 16 148 1.6895
10 E 2 40 42 42 42 54 39 25 19 38 46 31 21 67 104 32 26 668 7.6256
11 E 3 48 102 61 43 27 27 30 59 102 58 68 14 48 40 11 20 758 8. 6530
12 E 4 33 144 78 53 31 22 39 72 44 31 21 12 8 1 6 4 599 6. 8379
13 F 1 107 78 55 30 32 38 43 30 29 22 14 24 21 61 70 120 774 8. 8356
14 F 2 124 113 49 54 52 37 44 35 62 26 10 10 6 17 40 80 759 8. 6644
15 F 3 30 42 18 15 11 10 1 2 4 1 1 2 0 1 1 6 145 1. 6553
16 F 4 2 4 2 0 1 0 0 2 1 0 0 0 0 0 0 0 12 0. 1370
17 Rl 3 26 11 13 9 12 26 30 34 25 14 21 37 39 15 22 18 352 4.0183
18 R1 6 7 1 3 2 1 3 3 2 1 2 1 1 5 2 4 3 41 0. 4680
19 R1 11 10 5 5 1 1 6 4 4 5 3 9 7 17 1 10 15 103 1.1758
20 R1 21 13 10 6 2 1 7 9 7 4 5 6 13 19 5 14 11 132 1.5068
21 R1L 32 14 7 5 1 4 4 6 9 5 4 6 16 18 8 9 11 127 1. 4498
22 RR2 3 8 3 2 5 3 0 1 5 5 5 8 10 6 6 5 2 74 0. 8447
23 R2 6 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 3 0. 0342
24 R2 11 2 0 2 0 0 0 0 1 2 1 1 0 1 1 4 1 16 0. 1826
25 R2 21 3 1 4 0 2 0 1 1 2 1 0 1 2 0 3 3 24 0. 2740
26 R2 32 4 0 2 1 2 1 0 0 0 0 1 1 5 1 2 7 27 0. 3082
27 R3 3 1 1 1 1 2 0 1 1 0 1 1 2 0 2 1 2 17 0. 1941
28 R3 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0. 0000
29 R3 11 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 3 0.0342
30 R3 21 1 0 1 0 0 0 0 0 0 0 0 1 0 0 1 1 5 0. 0571
31 R3 32 4 0 0 1 0 0 0 0 0 0 0 0 0 0 1 1 7 0. 0799
32 R4 3 4 0 0 0 1 1 0 0 0 1 2 0 4 2 1 3 19 0. 2169
33 R4 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0.0114
34 R4 11 0 0 0 0 0 0 0 0 0 0 0 0 2 0 1 2 5 0. 0571
35 R4 21 1 1 0 0 0 1 2 0 1 0 0 0 2 1 2 3 14 0. 1598
36 R4 32 1 0 0 0 1 0 1 0 0 1 0 0 1 1 2 0 8 0. 0913

* % * * QUVMARIES * * * *

101 40 44 23 30 49 58 64 50 39 56 89 121 46 82 86 978 11.1644
39 110 150 104 114 172 160 142 146 107 87 152 147 96 136 41 1903 21. 7237
143 150 120 102 102 95 213 192 166 191 157 155 90 63 35 2016  23.0137
136 300 189 144 128 94 100 156 187 140 125 55 131 159 63 66 2173 24. 8059
263 237 124 99 96 85 88 69 96 49 25 36 27 79 111 206 1690 19. 2922
1 127 98 67 40 58 48 51 42 39 31 23 35 34 81 95 141 1010 11.5297

TmMO®XD
I
N



2 199
3 102
4 45
5 7
6 0
BIN
1
1 0.032
2 0.008
3 0.058
4 0.035
5 0.015
6 0.011
7 0.014
8 0.000
9 0.101
10 0.060
11 0.063
12 0.055
13 0.138
14 0.163
15 0.207
16 0.167
17 0.103
18 0.103
19 0.103
20 0.103
21 0.103
22 0.103
23 0.103
24 0.103
25 0.103
26 0.103
27 0.103
28 0.103
29 0.103
30 0.103
31 0.103
32 0.103
33 0.103
34 0.103
35 0.103
36 0.103
37 0.066

COLOOOOO0OOOO0O0OO000CO0000000000000000

186
209
255
37
5

127
145
228
45
1

1
1
1

38
00
66
23

0

156
124
82
19
1

141

1
1

38
12
14

0

1
1
1

22
16
26
28

0

10
13
24

5

8
4
2
4
0

* % x * % BIN WNDROSE SUMVARY *

2
041
075
093
040
063
088
110
364
081
063
135
240
101
149
290
333
041
041
041
041
041
041
041
041
041
041
041
041
041
041
041
041
041
041
041
041
095

COLOOOOOOOOOO0OOOO000CO0C00000000000000

3
037
122
047
054
066
103
076
000
054
063
080
130
071
065
124
167
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
075

COLOOOOOOOOOO0O0OC000OCOO00CO0000C0000

DI RECTI ON

4 5

029 0.077 O
080 0.042 O
047 0.116 O
063 0.052 O
037 0.059 O
074 0.036 O
076 0.034 O
000 0.091 O
041 0.108 O
063 0.081 O
057 0.036 O
088 0.052 O
039 0.041 O
071 0.069 O
103 0.076 O
000 0.083 O
024 0.031 O
024 0.031 O
024 0.031 O
024 0.031 O
024 0.031 O
024 0.031 O
024 0.031 O
024 0.031 O
024 0.031 O
024 0.031 O
024 0.031 O
024 0.031 O
024 0.031 O
024 0.031 O
024 0.031 O
024 0.031 O
024 0.031 O
024 0.031 O
024 0.031 O
024 0.031 O
056 0.054 O

USER INPUT | S READ FROM UNI T 25
RECCRD | DENTI FI ER FIELDS 11 CHARACTERS LONG ARE EXPECTED.
THE FI RST 100 COLUWS CF EACH | NPUT RECCRD ARE PROCESSED.

THE MAXI MUM NUMBER OF | DENTI FI ER RECORDS THAT MAY BE SAVED AS THE BASE CASE | S 1000.

RECCRD
NUVBER

* GENERAL DESCRI PTIVE TI TLE DESCRI BI NG TH S "EARLY" | NPUT FI LE
*

088
093
047
080
066
020
021
000
041
058
036
037
049
049
069
000
050
050
050
050
050
050
050
050
050
050
050
050
050
050
050
050
050
050
050
050
057

RECCRD

COLOOOOLOOOOLO000O0C000OOO000C0000C0000

154
194
204

0

7
080
088
023
052
057
030
083
000
041
037
040
065
056
058
007
000
059
059
059
059
059
059
059
059
059
059
059
059
059
059
059
059
059
059
059
059
057

124
137
165

0

COLOOOOLOOOOO0000O0000C0000C000C0C0000

1
1

8
055
094
058
072
063
149
241
000
041
028
078
120
039
046
014
167
065
065
065
065
065
065
065
065
065
065
065
065
065
065
065
065
065
065
065
065
074

89
72
28
16

0

COLOOOOLOOOOO000000000RC0000R0000C0000

82
108
156

13

060
094
081
070
083
120
145
000
020
057
135
073
037
082
028
083
051
051
051
051
051
051
051
051
051
051
051
051
051
051
051
051
051
051
051
051
077

143
172
100

COLOOOOOOO0OO0000C0000CO000CO00C00C0000

0

10

046
067
047
072
083
109
028
000
034
069
077
052
028
034
007
000
040
040
040
040
040
040
040
040
040
040
040
040
040
040
040
040
040
040
040
040
057

198
132
13

0

1 MEANAMIOO1 'VX A 2.1NP, CHEM MACCS EXAVMPLE PRCBLEM VX_A, EARLY | NPUT
*

* DI SPERSI ON MODEL OPTI ON CCDE

1

*

STRAI GHT LI NE

COLOOOOLOOOOO0000C0000ROO00O000COC0000

13
12
2

11

039
053
047
075
131
093
083
000
034
046
090
035
018
013
007
000
057
057
057
057
057
057
057
057
057
057
057
057
057
057
057
057
057
057
057
057
055

2
3
3
0
0

COLOCOOOOOOO0O0O0000000OOO0ORO00C0C0000

146 2245
50 2156
11 2056

0 302

0

12

069
091
035
059
079
094
062
545
054
031
018
020
031
013
014
000
091
091
091
091
091
091
091
091
091
091
091
091
091
091
091
091
091
091
091
091
056

13

COLOOOOOOOO00OOO0000000O000OOO00OO0000

13

089
066
047
084
114
056
028
000
054
100
063
013
027
008
000
000
124
124
124
124
124
124
124
124
124
124
124
124
124
124
124
124
124
124
124
124
066

25. 6279
24.6119
23. 4703
3. 4475
0. 1484

COLOOOOOOO000O00000000OO000OO00000000

14

090
011
070
096
050
003
000
000
095
156
053
002
079
022
007
000
047
047
047
047
047
047
047
047
047
047
047
047
047
047
047
047
047
047
047
047
054

COCOOOO0OO000000000000O000OOO00O00000

15

130
013
128
052
031
008
000
000
095
048
015
010
090
053
007
000
084
084
084
084
084
084
084
084
084
084
084
084
084
084
084
084
084
084
084
084
052

COOCOOOO0OO000O000000000000OOO00O00000

16

039
004
058
042
006
005
000
000
108
039
026
007
155
105
041
000
088
088
088
088
088
088
088
088
088
088
088
088
088
088
088
088
088
088
088
088
050

PRRPRRPRPRPRRPRRPRPRPRPRPRPRPRRPRPRPRPREPRPRPRRPRRPRRPRRERRERRERRPRRRPRRRRRERRE

TOTAL

000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000



© oo~

10

15

16

* 2 * WND SH FT WTH ROTATI ON
* 3 * WND SH FT WTHOUT ROTATI ON

*
!}/I | PLUMEOO1 1 (STRAI GHT LI NE PLUME)

: NUMBER CF FI NE GRI D SUBDI VI SI ONS USED BY THE MODEL

!}/I NUMFI NOO1 7 (3, 5 OR 7 ALLONED)

: LEVEL OF DEBUG QUTPUT REQUI RED, NORVAL RUNS SHOULD SPECI FY ZERO

M I PRINTOO1 O (TURN OFF THE DEBUG PRI NT)

LOG CAL FLAG SI GNI FYI NG THAT THE BREAKDOWN OF RI SK BY WEATHER CATEGCRY
BIN ARE TO BE PRESENTED TO SHOW THEI R RELATI VE CONTRI BUTI ON TO THE MEAN

RI SBI' N

* ok ok ok bk

M RI SCAT001 . FALSE.

*

* FLAG | NDI CATI NG | F W ND- ROSES FROM ATMOS ARE TO BE OVERRI DDEN

*

M OVRRI D001 .FALSE. (USE THE WND ROSE CALCULATED FOR EACH WEATHER BI N)

LR S R

* POPULATI ON DI STRI BUTI ON DATA BLOCK, LOADED BY | NPOPU, STORED | N / POPDAT/
*

PDPCPFLX001 UNI FORM
PDI BEG NOO1 1 (SPATI AL | NTERVAL AT WH CH PCPULATI ON BEG NS)
PDPCOPDENOO1  50. ( POPULATI ON DENSI TY ( PECPLE PER SQUARE Kl LOMVETER))

LR R R R R

* DOSE DEFI NI TI ON DATA BLOCK, LOADED BY | NORGA, STORED IN / EARDIM AND / ORGNAM
*
* NUMBER OF DOSES DEFI NED FOR HEALTH EFFECTS

*

CDNUMDRQD01 4

*

* DOSE PATHVWAY REFERENCE ~ OONCENTRATI CN

* NANVE FOR DOSE SPECY EXPONENT

*

CDORGNAMDOL  'VINL' ' INH ACU VX 1.0

ODORGNAMDO2 ' VSK2' ' OLD VX 1.0

ODORGNAMDO3 ' LSK3' ' SKN ACU VX 1.0

ODORGNAMDO4  'VCDD' 'INH LIF VX 1.0

LR E R RS RS S SRS EE RS E SRR SRR SRR SRS SRR SRR R R RS E R RS R R R RS EEEEREEEEEEEEEEEEEEESS
* SHIELDI NG AND EXPOSURE FACTCRS, LOADED BY | NDFAC, STORED I N / EADFAC/

*

* THREE VALUES OF EACH PROTECTI ON FACTCR ARE SUPPLI ED,

* ONE FOR EACH TYPE OF ACTI VTY:

*

* ACTIVITY TYPE:

* 1 - EVACLEES WH LE MOVI NG

* 2 - NORVAL ACTIVITY I N SHELTERI NG AND EVACUATI ON ZCNE

* 3 - SHELTERED ACTI VI TY

*

* PROTECTI ON FACTCR FOR | NHALATI CN

*

SEPROTI NOO1 1. 0.41 0.33 * VALUES FOR NCRVAL ACTI VI TY AND
* SHELTERI NG SELECTED BY NRC STAFF
*

*

BREATH NG RATE AND REFERENCE BREATH NG RATE (CUBI C METERS PER SECOND)
*
SEBRRATEO01 2.66E-4 2.66E-4 2.66E-4 * BREATH NG RATE



17

18
19

20

21

22

23

24

25

26

27

28

29

SEBRRATE002 2.66E-4 2.66E-4 2.66E-4 * REFERENCE BREATH NG RATE
*

* SKI'N PROTECTI ON FACTOR
* VALUES FOR NORVAL ACTIVITY AND SHELTERI NG SELECTED BY NRC STAFF
*

SESKPFACD01 1.0 0.41 0.33 * FOR LIQUI D
SESKPFACD02 1.0 0.41 0.33 * FOR VAPCR

* RESUSPENSI ON | NHALATI ON MODEL CONCENTRATI ON CCEFFI C ENT (/ METER)

*

* RESCON = 1. E-4 | S APPROPRI ATE FOR MECHANI CAL RESUSPENSI ON BY VEH CLES.

* RESHAF = 2. 11 DAYS CAUSES 1.E-4 TO DECAY IN ONE WEEK TO 1. E-5, THE VALUE
* OF RESCON USED IN THE FI RST TERM OF THE LONG TERM RESUSPENSI ON EQUATI ON
* USED | N CHRONC.

*

SERESCONOO1 1.E4 (RESUSPENSI ON | S TURNED ON)

*

* RESUSPENSI ON CONCENTRATI ON COEFFI Cl ENT HALF- LI FE ( SEC)

*

SERESHAF001 1. 82E5 (2.11 DAYS)

IR RS SRR R RS SRS E SRS RS E RS EEE R SRR EEEEEEE R RS EEEEEEEEEEEEEEEEEEEEEEEEEEEESE]
* EVACUATI ON ZONE DATA BLOCK, LOADED BY EVNETW STORED I N / NETWOR/, /ECPTIQ
*

* SPECI FI C DESCRI PTI ON OF THE EMERGENCY RESPONSE SCENARI O BEI NG USED

*

EZEANAMROO1 " EVACUATION WTH N 10 M LES, RELOCATI ON MODELS APPLY ELSEWHERE'
*

* THE TYPE COF VEEI GHTI NG TO BE APPLI ED TO THE EMERGENCY RESPONSE SCENARI OS
* YOU MUST SUPPLY A VALUE CF 'TIME OR ' PECPLE
*

EZV\TNANEOOl ' PECPLE

: VI GHTI NG FRACTI ON APPLI CABLE TO TH S SCENARI O

EZV\TFRACDOI 0. 95

: LAST RING I N THE MOVEMENT ZONE

EZLASNDx/OOl 15 (EVACUEES DI SAPPEAR AFTER TRAVELI NG TO 20 M LES)

: FI RST SPATI AL | NTERVAL I N THE EVACUATI ON ZONE

EZI NI EVAOO1 1 (NO I NNER SHELTER ZONE)

: QUTER BOUNDS ON 3 EVACUATI ON ZONES (ZERO MEANS THE ZONE |'S NOT DEFI NED)
EZLASEVAOOl 0O O 12 (SI NGLE EVACUATI ON ZONE QUT TO 10 M LES)

* EVACUATI ON DELAY TI MES FOR THE 3 EVACUATI ON ZONES
* THS IS THE DELAY TI ME FROM OALARM (ATMOS) TO WHEN PECPLE START MoVl NG
*

EZEDELAY001 0. 0. 7200. (SURRY)
*

* RADI AL EVACUATI ON SPEED (M S)

*

EZESPEEDOO1 1.8

R R
* SHELTER AND RELCCATI ON ZONE DATA BLOCK, LOADED BY | NPEMR
* STORED I N /I NPSRZ/, | RELOCA/

*

* TIME TO TAKE SHELTER I N THE | NNER SHELTER ZONE ( SECONDS FROM QALARM

*



30

31

32

33

34

35

36

37

38

39

40

41

42

44

45

*SRTT(BHZI.OOl 0. (THERE I'S NO | NNER SHELTER ZONE)

: SHELTER DURATION I N THE | NNER SHELTER ZONE ( SECONDS FROM TAKI NG SHELTER)
*SRSI-ELTlOOl 0. (THERE I'S NO | NNER SHELTER ZONE)

: LAST RING OF THE QUTER SHELTER ZONE

*SRLASI-EZOOl 0 (THERE I'S NO QUTER SHELTER ZONE)

: TIME TO TAKE SHELTER | N THE QUTER SHELTER ZONE ( SECONDS FROM QALARM)
*SRTT(BHZOOl 0. (THERE I'S NO QUTER SHELTER ZONE)

: SHELTER DURATION I N THE QUTER SHELTER ZONE ( SECONDS FROM TAKI NG SHELTER)
*SRSI-ELTZOOl 0. (THERE I'S NO QUTER SHELTER ZONE)

: DURATI ON OF THE EMERGENCY PHASE ( SECONDS FROM PLUME ARRI VAL)

*SREN]ENPOOl 604800. (ONE VEEK)

: CRI TI CAL DOSE FOR RELOCATI ON DECI SI ONS

*SRCRI ORAD01 ' VSK2'

: HOT SPOT RELOCATI ON TI ME ( SECONDS FROM PLUME ARRI VAL)

*SRTI MHOT001 43200. (ONE- HALF DAY)

: NCORVAL RELCCATI ON TI ME ( SECONDS FROM PLUME ARRI VAL)

*SRTI M\RMDO1 86400. (ONE DAY)

: HOT SPOT RELOCATI ON DOSE CRI TERI ON THRESHOLD ( S| EVERTS)

*SRD(BI-DTOOl 0.5 (50 REM DOSE TO WHOLE BODY IN 1 WEEK TRI GGERS RELCCATI ON)
: NORVAL RELOCATI ON DOSE CRI TERI ON THRESHCOLD
SFECSIO0L 0,045, (25 MTM3:S VAP AR CONC DOBE I 3 YK TR GESFS FELCDAT Y
: EARLY FATALI TY MCDEL PARAMETERS, LQADED BY | NEFAT, STORED | N / EFATAL/

: NUMBER OF EARLY FATALI TY EFFECTS

EFMNEFAOOl 3

* ORGNAM EFFTHR

*

EFATAGRPO01 ' VI NI’
EFATAGRP002 ' VSK2'
EFATAGRPO03 ' LSK3'

LR Ry R T
* EARLY | NJURY MODEL PARAMETERS, LOADED BY | NEINJ, STORED IN /El NJUR/

*

* NUMBER OF EARLY | NJURY EFFECTS

*

El NUVEI NOO1 3

*

* El NAMVE ORGNAM El SUSC El THRE

*



46

48

49

50

51

52

59

60

61

EI NJUGRPOO1 ' CLP, PRL, CONVL' ' LSK3'
El NJUGRP002 ' M OSI S/ RHINORRH ' VI NI
El NJUGRPO03 ' SWEATI NG FASCI C ' VSK2'

ok kK K kK K K Kk R Kk kK R Kk Rk ok Rk ko Rk R Rk R Rk R Rk R Kk R Rk K R Kk K K
: ACUTE EXPOSURE CANCER PARAMETERS, LOADED BY | NACAN STORED | N / ACANCR/ .

: NUMBER OF ACUTE EXPOSURE CANCER EFFECTS

’IC_CI\LNAOAOOl 1

: THRESHOLD DCOSE FOR APPLYI NG DDREFA

’IC_CDDTI-REOOl 0.

: DOSE THRESHOLD FOR LI NEAR DOSE RESPONSE

’IC_OACTI-REOOl 0.

* ACNAVE ORGNAM  ACSUSC DOSEFA DOSEFB  CFRISK CI R SK  DDREFA

*

LCANCERS001 ' CANCER 'VCDD 1.0 1.0 0.0 0. 1.0 2.0

LR S R R T

* RESULT 1 CPTI ONS BLOCK, LOADED BY | NQUT1, STORED I N /1 NOUT1/
* TOTAL NUMBER OF A G VEN EFFECT (LATENT CANCER EARLY DEATH, EARLY | NJURY)

NUMBER OF DESI RED RESULTS COF TH S TYPE

* ok %

TYPELINUVBER 5
*

TYPE1QUT001 " ERL FAT/ TOTAL' 1 26 CCDF (0 TO 1000 M LES)
TYPE1QUT002 "ERL INJ/CLP, PRL, CONWL' 1 26
TYPE1QUT003 "ERL I NJ/ M CSI S/ RH NORRH 1 26
TYPE1QUT004 " ERL | NJ/ SWEATI NG FASCI C 1 26
TYPELQUT009 " CAN | NJ/ CANCER 1 26

R L

* RESULT 2 OPTIONS BLOCK, LOADED BY | NOQUT2, STORED I N /1 NOUT2/
FURTHEST DI STANCE AT WHICH A G VEN RI SK OF EARLY DEATH | S EXCEEDED.

*

NUMBER OF DESI RED RESULTS COF TH S TYPE
YPE2NUVBER 1
FATALI TY Rl SK THRESHCOLD

* Ok k| Ok Ok Ok

TYPE2QUTO001 0. 001 CCDF *DI STANCE AT WHI CH ANY FATALI TI ES OCCURRED

LR R RS SRR R RS EEEE SRR E SRR R RS SRR EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEREEEEEEESE]
* RESULT 3 CPTI ONS BLOCK, LOADED BY | NQUT3, STORED I N /1 NOUT3/

* NUMBER OF PECPLE WHOSE DOSE EXCEEDS A G VEN THRESHCOLD.

*

* NUMBER OF DESI RED RESULTS OF TH' S TYPE
*

TYPE3NUMBER 4

*

* DOSE DOSE

* NANVE THRESHOLD
*

TYPE3QUTO01 ' VI NI’ 8.22
TYPE3QUTO02 ' VSK2' 100.
TYPE3QUT003 ' LSK3' 2.5
TYPE3QUT004 ' VCDD

LR s R

* RESULT 4 CPTI ONS BLOCK, LOADED BY | NQUT4, STORED I N /1 NOUT4/



66

71

72

73

74

* 360 DEGREE AVERAGE RI SK OF A G VEN EFFECT AT A G VEN DI STANCE.
*

* POSSI BLE TYPES OF EFFECTS ARE:

*

*  "ERL FAT/ TOTAL'

*  "ERL INJ/INJURY NAME

* ' CAN FAT/ CANCER NAME

* ' CAN FAT/ TOTAL'

*

* NUMBER OF DES| RED RESULTS OF TH' S TYPE

*

TYPEANUMBER 4

*

* RADI AL INDEX TYPE OF EFFECT

*

TYPE4AQUT001 1 "ERL FAT/ TOTAL'
TYPE4AQUT002 2 "ERL INJ/CLP, PRL, CONVL'
TYPE4AQUT003 3 "ERL | NJ/ M 8l S/ RH NCRRH
TYPE4QUT004 4 "ERL | NJ/ SVEATI NG/ FASCI C
*TYPEAOUT005 5 " CAN | NJ/ CANCER

LR S A R E

* RESULT 5 CPTI ONS BLOCK, LOADED BY | NQUT5, STORED I N /1 NOUTS/

*

TOTAL POPULATI ON DOSE BETWEEN TWO DI STANCES.
NUMBER OF DESI RED RESULTS COF TH S TYPE

*
*
*
*
TYPESNUMBER 1
*
* DOSE 11Dl S5 12Dl S5
*

TYPE5CQUT001 ' VCDD 1 12 (0-10 MLES)

LR S R R T

* RESULT 6 CPTI ONS BLOCK, LOADED BY | NQUT6, STORED I N /1 NOUT6/

*

* CENTERLI NE DOSE VERSUS DI STANCE BY PATHWAY, PATHWAY NAMVES ARE AS FOLLOMS:
*

*  PATHWAY NAME:

oD - CLOUDSHI NE

© O GRD - GROUNDSHI NE

*  'INH ACU - "ACUTE DOSE EQU VALENT" FROM DI RECT | NHALATI ON OF THE CLOUD

*  “INHLIF - "LIFETIME DCSE COVM TMENT" FROM DI RECT | NHALATI ON OF THE CLOUD
*  'RES ACU - "ACUTE DOSE EQU VALENT" FROM RESUSPENSI ON | NHALATI ON

*  'RES LIF - "LIFETIME DOSE COVM TMENT" FROM RESUSPENSI ON | NHALATI ON

£ 'TOT ACU - "ACUTE DOSE EQU VALENT" FROM ALL PATHVAYS

£ TOT LIF - "LIFETIME DCSE COVM TMENT" FROM ALL PATHWAYS

*

* NUMBER OF DESI RED RESULTS OF TH'S TYPE

*

TYPESNUVBER 1

*

* CRGNAM PATH\M 11DIS6  |2DI S6

*

TYPESOUT00L ' LSK3' " TOT _ACU 1 19 (0-50 M LES)
*TYPESOUTO03 ' VCDD "TOT LIF 1 26 (0-1000 M LES)

LR S

* RESULT 7 CPTI ONS BLOCK, LOADED BY | NQUT7, STORED I N /1 NOUT7/
*

CENTERLI NE RI SK OF A G VEN EFFECT VS DI STANCE

NUMBER OF DESI RED RESULTS OF TH S TYPE

*
*
*
*



75

76

7

78
79

80

81
83

84

85

TYPE7TNUMBER 1
*

* NAME 11D S7 12Dl S7

*

TYPE7QUT001 ' ERL FAT/ TOTAL' 1 19 (0-50 MLES)
*TYPE7QUT002 " CAN | NJ/ TOTAL' 1 26 (0-1000 M LES)

LR R R

: RESULT 8 OPTIONS BLOCK, LQADED BY | NOUT8, STORED I N /1 NQUT8/
: POPULATI ON VEI GHTED FATALI TY RI SK BETWEEN 2 DI STANCES
: NUMBER OF DESI RED RESULTS OF TH S TYPE

IYPESI\LNBER 2
*

NAMVE 11D S8 12D S8
*
TYPESBQUTO01 ' ERL FAT/ TOTAL' 1 5 CCDF (0-EXCL ZONE + 1 M)
TYPESCQUT002 ' CAN | NJ/ TOTAL' 1 12 CCDF (0-10 MLES)

LR S R R T R

* RESULT 9 CPTI ONS BLOCK, LOADED BY | NOQUT9, STORED I N /1 NOUT9/
FURTHEST DI STANCE AT WHICH A G VEN RI SK OF EARLY I NJURY | S EXCEEDED.

NUMBER OF DESI RED RESULTS OF TH S TYPE

*
*
*
*
TYPEONUMBER 3
*
* INJURY RI SK THRESHOLD
*
*

El NAME Rl SK THRESHOLD
*

TYPEQOUTO01 ' CLP, PRL, CONVL' 0.1
TYPEQOUT002 ' M O8I S/ RHI NCRRH 0.1
TYPEQOUT003 ' SWEATI NG FASCI C 0.1

LR S R R T

* RESULT 10 OPTIONS BLOCK, LOADED BY | NOUTO, STCRED I N /| NOUTO/
* AREA I N WH CH GROUND CONCENTRATI ON OF A G VEN AGENT EXCEEDS A G VEN THRESHOLD.

*

* NUMBER OF DESI RED RESULTS OF TH S TYPE

*

TYPEONUMBER 1

* GROUND CONC.
* NUCLI DE NAMVE THRESHOLD

* (kg/ m2)

*

TYPEOQUTOOL ' VX-LIQ " VX- VAP 0.1E-9

*xxxxx*x TERM NATOR RECORD ENCOUNTERED -- END OF BASE CASE USER | NPUT *******x

USER | NPUT PROCESSI NG SUMVARY - BASE CASE

NUMBER OF RECORDS READ = 362
NUMBER OF BLANK OR COMVENT RECORDS READ = 276
NUMVBER OF TERM NATOR RECORDS = 1
NUMBER OF RECORDS PROCESSED = 85

NUMBER OF PROCESSED RECORDS DUPLI CATED = 0

NUMBER OF PROCESSED RECORDS SORTED

LR e R



CALCULATI NG A UNI FORM PCPULATI ON DI STRI BUTI ON

READI NG FROM A DOSE CONVERSI ON FI LE W TH THE FOLLOW NG HEADER:
CHEM MACCS Fi | e DOSDATA. | NP: Changed by E. HASKI N 10APR95
Dose conversion factors for CHEM MACCS Version 1.0

rrxkxkxxxk BEG NNING OF CHANGE CASE 1 USER | NPUT ***x**%x

LR s R E

* EMERGENCY RESPONSE SCENARI O NUMBER 2

R e R L

* EVACUATI ON ZONE DATA BLOCK, LOADED BY EVNETW STORED I N /NETWOR/, /ECPTIQ
*

* SPECI FI C DESCRI PTI ON OF THE EMERGENCY RESPONSE SCENARI O BEI NG USED

*

86 EZEANAMRO01 ' NO EVACUATI ON, RELOCATI ON MODELS APPLY EVERYWHERE'
il lalol RECCRD NUMBER 86 REPLACES RECORD NUMBER 22 xEEExxRk

*

* VEI GHTI NG FRACTI ON APPLI CABLE TO TH S SCENARI O
*

87 EZWFRACO01 0.05
il lalold RECORD NUMBER 87 REPLACES RECORD NUMBER 24 xFEExxRK

*

* LAST RING I N THE MOVEMENT ZONE
*

88 EZLASMOVO01 0 (A ZERO TURNS OFF THE EVACUATI ON MCDEL)
ool RECCRD NUMBER 88 REPLACES RECORD NUMBER 25 xEEExxkk

*xxxxxxx TERM NATOR RECORD ENCOUNTERED -- END OF CHANGE CASE 1 USER | NPUT ***** %«

USER | NPUT PROCESSI NG SUMVARY - CHANGE CASE 1
NUMBER OF RECORDS CHANGED 3
NUMBER OF RECORDS ADDED

LR R R s L]

NO EVACUATI ON REQUESTED

*rxkxxxxx BEG NNING OF CHANGE CASE 2 USER | NPUT ***x**%x

LR R AR R

* EMERGENCY RESPONSE SCENARI O NUMBER 3

LR S S R R T

* EVACUATI ON ZONE DATA BLOCK, LOADED BY EVNETW STCORED I N /NETWOR/, /ECPTIQ
*

* SPECI FI C DESCRI PTI ON OF THE EMERGENCY RESPONSE SCENARI O BEI NG USED

*

89 EZEANAM2001 ' SHELTERING WTHI N 10 M LES, RELOCATI ON MCDELS APPLY ELSEWHERE'
FRE KK KKK RECCRD NUMBER 89 REPLACES RECORD NUMBER 22 xFEExxRK

*

* WEI GHTI NG FRACTI ON APPLI CABLE TO TH S SCENARI O
*

90 EZWIFRACO01 0.0 (TH S CASE IS NOT BEI NG COVBI NED W TH SCENARI OS 1 AND 2)
ool RECCRD NUMBER 90 REPLACES RECORD NUMBER 24 xFEExxEK

*

* TIME TO TAKE SHELTER I N THE QUTER SHELTER ZONE ( SECONDS FROM QALARM)
*

91 SRTTCSH2001 2700. (45 M NUTES TO TAKE SHELTER)
FRE KK KKK RECCRD NUMBER 91 REPLACES RECORD NUMBER 33 FEEExxk

*



* SHELTER DURATI ON I N THE QUTER SHELTER ZONE ( SECONDS FROM TAKI NG SHELTER)
*

92 SRSHELT2001 43200. (12 HOUR SHELTER DURATI ON)
il RECORD NUMBER 92 REPLACES RECORD NUMBER 34 xEEExxkE

*

* LAST RING OF THE QUTER SHELTER ZONE
*

93 SRLASHE2001 12 (QUTER SHELTER ZONE EXTENDS FROM 0 TO 10 M LES)
FRE KKK KK RECCRD NUMBER 93 REPLACES RECORD NUMBER 32 xEEExxRk

*xxxxx*x TERM NATOR RECORD ENCOUNTERED -- END OF CHANGE CASE 2 USER | NPUT ***** %«
USER | NPUT PROCESSI NG SUMVARY - CHANGE CASE 2
5

NUMBER OF RECORDS CHANGED =
NUMBER OF RECORDS ADDED =

LR R T ]

NO EVACUATI ON REQUESTED
1 TH S PROGRAM CURRENTLY ALLOWNS THE GENERATION OF UP TO 394 RESULTS

YOU HAVE REQUESTED 59 RESULTS FROM "EARLY" COWPCSED CF:

5 RESULTS CF TYPE 1
1 RESULTS OF TYPE 2
4 RESULTS CF TYPE 3
4 RESULTS CF TYPE 4
1 RESULTS OF TYPE 5
19 RESULTS OF TYPE 6
19 RESULTS OF TYPE 7
2 RESULTS CF TYPE 8
3 RESULTS CF TYPE 9
1 RESULTS OF TYPE 10

1 TRI AL DAY HOUR BIN PRBMET

1 153 15 24  4.57E-04

2 157 13 1 2.73E-02

3 163 15 21  3.62E-03

4 166 12 9  4.22E-03

5 167 16 2  2.70E-02

6 168 11 12 1. 71E- 02

7 171 12 6 1. 88E-02

8 171 14 36 2.28E-04

9 171 15 35 4. 00E-04

10 171 16 32 5.42E-04

11 179 19 31 2. 00E-04

12 180 10 30 1. 43E- 04

13 180 18 10 1. 91E- 02

14 181 15 25 6.85E-04

15 188 13 4 1. 63E- 02

16 193 11 18 1. 17E-03

17 195 18 15 4. 14E-03

18 200 15 36  2.28E-04

19 201 17 34 1. 43E- 04

20 203 12 31 2. 00E-04

21 203 13 31 2. 00E-04

22 203 13 31 2. 00E-04

23 203 13 30 1. 43E- 04

24 203 14 29 1. 14E- 04

25 204 13 36 2.28E-04

26 204 14 35 4. 00E-04

27 204 14 34 1. 43E- 04



1 TRI AL

204
205
215
220
222
224
228
229
231
232
232
232
232
235
240
244
248
250
251
253
263
268
270
DAY

271
272
282
286
288
299
299
301
301
307
309
309
309
311
315
319
321
330
330
330
335
335
336
336
342
346
347
348
357
358
358
358
365

12
12

NERENONANNNEANPORNRWOENNO

WRERAENOANERNNNENWONENRRONDRANORRENRONARNE

42E- 04
16E- 02
45E- 03
55E- 02
42E- 04
85E- 04
21E-02
14E- 03
77E-03
43E- 04
11E-03
00E- 04
43E- 04
17E-02
71E- 04
94E- 03
22E-03
71E-04
85E- 04
21E-02
00E- 02
63E- 02
17E-02
PRBMET

91E- 02
73E-02
17E-03
57E-04
70E- 02
42E- 04
85E- 04
16E- 02
55E- 02
88E- 02
62E- 03
94E- 03
22E-03
45E- 03
77E-03
91E- 02
63E- 02
94E- 03
17E-03
28E-04
14E- 04
14E- 04
11E-03
14E- 04
45E- 03
73E-02
16E- 02
22E-03
00E- 02
11E-03
85E- 04
42E- 04
45E- 03
55E- 02
14E- 03
71E- 02
42E- 04



88 13 11 14 2. 17E-02
89 15 13 2  2.70E-02
90 23 13 7 4.14E-03
91 25 12 20 3.77E-03
92 25 13 18 1. 17E-03
93 29 15 17 1. 00E- 02
94 32 11 13 2.21E-02
95 37 16 8 3.14E-04
96 47 14 4 1. 63E- 02
97 48 10 16  3.42E-04
98 49 13 26 7.71E-04
99 50 16 24  4.57E-04
100 51 17 5 1. 55E- 02
1 TRI AL DAY HOUR BIN PRBMVET
101 53 10 6 1. 88E- 02
102 53 14 21  3.62E-03
103 57 18 17 1. 00E- 02
104 59 17 13 2.21E-02
105 65 15 7 4.14E-03
106 69 10 12 1. 71E- 02
107 71 19 25  6.85E-04
108 72 11 25  6.85E-04
109 72 11 23 1. 14E- 04
110 72 15 20 3.77E-03
111 74 17 23 1. 14E- 04
112 78 13 8 3.14E-04
113 83 16 6 1. 88E-02
114 84 17 10 1. 91E- 02
115 85 10 14 2. 17E-02
116 87 17 15 4. 14E-03
117 101 11 16  3.42E-04
118 107 15 19 2. 94E-03
119 107 17 21  3.62E-03
120 112 18 7 4.14E-03
121 115 14 2 2.70E-02
122 122 17 11 2. 16E-02
123 124 18 15 4. 14E-03
124 125 12 12 1. 71E- 02
125 127 16 26 7.71E-04
126 133 19 24  4.57E-04
127 134 10 22  2.11E-03
128 139 18 35 4. 00E-04
129 139 18 34 1. 43E- 04
130 139 19 33 1. 14E- 04
131 140 10 30 1. 43E- 04
132 140 11 29 1. 14E- 04
133 140 12 27  4.85E-04
134 140 17 29 1. 14E- 04
135 151 13 2. 73E-02

1 DATE AND TI ME OF RUN
"ATMOS" DESCRI PTI ON
"EARLY" DESCRI PTI ON

1
CCS 06/ 23/ 95 12:09: 59 CHEM MACCS VERSION 1S, F. ERIC HASKIN, 2/3/95
VX_A 1.1 NP, CHEM MACCS EXAMPLE PROBLEM VX_A, ATMOS | NPUT
VX_A 2. I NP, CHEM MACCS EXAMPLE PROBLEM VX_A, EARLY | NPUT

SOURCE TERM 1 OF 1:
CHEM _MACCS EXAMPLE SOURCE TERM VX

OVERALL RESULTS OBTAI NED BY COVBI Nl NG 3 EMERGENCY RESPONSE COHORTS FROM "EARLY" W TH THE WEI GHTI NG FRACTI ONS BELOW APPLI ED TO THEM
FRACTI ON CF THE PECPLE

COHORT 1 = EVACUATION WTHIN 10 M LES, RELOCATI ON MCDELS APPLY ELSEVWHERE 0. 950



COHORT 2 = NO EVACUATI ON, RELOCATI ON MODELS APPLY EVERYWHERE 0. 050

COHORT 3 = SHELTERING WTHI N 10 M LES, RELOCATI ON MCDELS APPLY ELSEVWHERE 0. 000

RESULTS WH CH ARE PRCDUCED ONLY BY "EARLY" COR ONLY BY "CHRONC' ARE PRESENTED I N LATER SECTI ONS.

06/23/95 12:09:59  PAGE 1 PROB QUANTI LES PEAK PEAK PEAK
NON- ZERO  NEAN 50TH 90TH 95TH 99TH 99. 9TH OONS PROB TRIAL
HEALTH EFFECTS CASES
ERL FAT/ TOTAL 0-1609 KM 1.0000 1.32E+01 2.41E+00 3.80E+01 6.42E+01 8.06E+01 9.89E+01 7.14E+02 1.14E-04 74
ERL INJ/CLP, PRL, CONWL 0-1609 KM 1.0000 3.65E+01 1.72E+00 3.84E+01 7.24E+01 NOT- FOUND NOT- FOUND 2. 42E+03 1.00E-02 79
ERL | NJ/ M OSI S/ RH NORRH 0-1609 KM 1.0000 1.97E+01 8.23E-01 7.80E+00 9.48E+00 NOT- FOUND NOT- FOUND 1.72E+03 1.00E-02 79
ERL | NJ/ SWEATI NG FASCI C 0-1609 KM 1.0000 3.49E-02 1.67E-03 1.01E-01 1.24E-01 NOT- FOUND NOT- FOUND 1.03E+00 1.00E-02 79
CAN | NJ/ CANCER 0-1609 KM 1.0000 1.24E-06 1.08E-06 1.63E-06 1.94E-06 NOT- FOUND NOT- FOUND 2.58E-06 2.16E-02 77
EARLY FATALITY DI STANCE (KM
ERL FAT/ TOTAL RISK > 0.001 1.0000 2.39E+00 6.29E-01 7.29E+00 1.08E+01 1.37E+01 NOT-FOUND 1.56E+01 4. 14E-03 123
POPULATI ON EXCEEDI NG DCSE
ERL ACU VINL > 8.220 ng-nin/n8 1.0000 5.00E+00 1.36E+00 1.35E+01 1.84E+01 2.29E+01 2.84E+01 5.11E+01 4.57E-04 54
ERL ACU VSK2 >100. 000 mg- i n/ n8 0.5134 8.70E-02 7.44E-03 3.10E-01 3.35E-01 4.03E-01 NOT-FOUND 4.50E-01 3.77E-03 65
ERL ACU LSK3 > 2.500 ng/ man 1.0000 1.80E+02 6.92E+00 8.73E+02 1.35E+03 2.04E+03 2.16E+03 2.29E+03 1.14E-04 111
ERL ACU VCDD > 0. 000 0.0000 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0
AVERAGE | NDI VI DUAL RI SK
ERL FAT/ TOTAL 0-0.2 KM 1.0000 2.08E-01 2.01E-01 2.38E-01 2.56E-01 NOT- FOUND NOT- FOUND 2.72E-01 2.73E-02 2
ERL INJ/CLP, PRL, COWL  0.2-0.5 KM 1.0000 3.45E-02 2.65E-02 6.39E-02 7.33E-02 NOT- FOUND NOT- FOUND 9.70E-02 1.55E-02 31
ERL INJ/MOSIS/RHINORRH  0.5-1.2 KM 0.5677 5.41E-03 9.05E-10 2.15E-02 2.44E-02 NOT- FOUND NOT- FONND 5.94E-02 1.00E-02 79
ERL | NJ/SWEATING FASCIC ~ 1.2-1.6 KM 0.0828 1.22E-05 0.00E+00 0.00E+00 2.51E-11 NOT- FOUND NOT- FOUND 1.22E-03 1.00E-02 79
POPULATI ON DOSE (SV)
VCDD TOT LIF 0-16.1 KM 1.0000 1.32E-07 5.33E-08 5.07E-07 5.98E-07 NOT- FOUND NOT- FOUND 8. 96E-07 2. 16E-02 77
CENTERLI NE DOSE AT SOME DI STANCES (SV)
LSK3 TOT ACU 0-0.2 KM 1.0000 1.92E+02 1.70E+02 3.20E+02 3.40E+02 3.90E+02 4.75E+02 5. 03E+02 5.42E-04 56
LSK3 TOT ACU 0.2-0.5 KM 1.0000 3.81E+01 8.84E+00 1.10E+02 1.22E+02 1.57E+02 NOT-FOUND 1.81E+02 4.11E-03 68
LSK3 TOT ACU 0.5-1.2 KM 1.0000 1.21E+01 1.40E+00 3.92E+01 5.03E+01 6.02E+01 NOT- FOUND 6.65E+01 4.11E-03 68
LSK3 TOT ACU 1.2-1.6 KM 1.0000 6.42E+00 7.74E-01 2.25E+01 2.74E+01 3.39E+01 4.20E+01 4.52E+01 4.57E-04 54
LSK3 TOT ACU 1.6-2.1 KM 1.0000 4.36E+00 5.99E-01 1.29E+01 1.63E+01 2. 21E+01 2.78E+01 4.66E+01 4.57E-04 54
LSK3 TOT ACU 2.1-3.2 KM 1.0000 2.57E+00 4.51E-01 9.14E+00 1.06E+01 1.29E+01 1.71E+01 1.89E+01 4.57E-04 54
LSK3 TOT ACU 3.2-4.0 KM 1.0000 1.72E+00 3.50E-01 5.73E+00 7.12E+00 8.96E+00 1.07E+01 1.19E+01 1.14E-04 74
LSK3 TOT ACU 4.0-4.8 KM 1.0000 1.34E+00 2.63E-01 3.99E+00 b5.23E+00 7.39E+00 8.64E+00 1.07E+01 1.14E-04 74
106/23/95 12:09:59  PAGE 2 PROB QUANTI LES PEAK PEAK PEAK
NON- ZERO  NEAN 50TH 90TH 95TH 99TH 99. 9TH OONS PROB TRIAL
CENTERLI NE DOSE AT SOME DI STANCES (SV)
LSK3 TOT ACU 4.8-5.6 KM 1.0000 1.13E+00 2.91E-01 3.36E+00 4.15E+00 7.63E+00 9.73E+00 1.08E+01 7.71E-04 45
LSK3 TOT ACU 5.6-8.1 KM 1.0000 9.77E-01 2.67E-01 2.39E+00 4.50E+00 7.72E+00 9.74E+00 1.00E+01 7.71E-04 45
LSK3 TOT ACU 8.1-11.3 KM 1.0000 8.62E-01 2.28E-01 2.30E+00 5.51E+00 NOT- FOUND NOT- FOUND 8.82E+00 2. 16E-02 77
LSK3 TOT ACU 11.3-16.1 KM 1.0000 4.08E-01 1.05E-01 8.30E-01 3.01E+00 4.18E+00 NOT- FOUND 5.00E+00 4.14E-03 123
LSK3 TOT ACU 16.1-20.9 KM 1.0000 1.96E-01 9.81E-02 5.62E-01 7.73E-01 1.18E+00 1.90E+00 2.00E+00 7.71E-04 45
LSK3 TOT ACU 20.9-25.8 KM 1.0000 1.53E-01 6.41E-02 4.46E-01 5.89E-01 7.76E-01 9.87E-01 1.96E+00 7.71E-04 45
LSK3 TOT ACU 25.8-32.2 KM 1.0000 1.17E-01 5.35E-02 3.14E-01 4.02E-01 7.40E-01 8.66E-01 8.82E-01 7.71E-04 45
LSK3 TOT ACU 32.2-40.2 KM 1.0000 8.48E-02 4.16E-02 2.42E-01 3.41E-01 NOT- FOUND NOT- FOUND 4.84E-01 2.17E-02 41
LSK3 TOT ACU 40.2-48.3 KM 1.0000 6.90E-02 4.77E-02 1.35E-01 1.91E-01 NOT- FOUND NOT- FOUND 4.52E-01 1.91E-02 51
LSK3 TOT ACU 48.3-64.4 KM 1.0000 5.92E-02 4.23E-02 1.31E-01 2.09E-01 NOT- FOUND NOT- FOUND 3.38E-01 1.91E-02 51
LSK3 TOT ACU 64.4-80.5 KM 1.0000 3.57E-02 2.64E-02 7.54E-02 9.89E-02 NOT- FOUND NOT- FOUND 1.76E-01 2.16E-02 77
CENTERLI NE RI SK AT SOME DI STANCES
ERL FAT/ TOTAL 0-0.2 KM 1.0000 9.98E-01 NOT- FOUND NOT- FOUND NOT- FOUND NOT- FOUND NOT- FOUND 1.00E+00 9.84E-01 1
ERL FAT/ TOTAL 0.2-0.5 KM 0.9779 5.26E-01 4.11E-01 NOT- FOUND NOT- FOUND NOT- FOUND NOT- FOUND 1.00E+00 3.12E-01 1



ERL FAT/ TOTAL 0.5-1.2 KM 0.8404 3.15E-01 3.54E-03 NOT- FOUND NOT- FOUND NOT- FOUND NOT- FOUND 1. 00E+00 1.17E-01 41
ERL FAT/ TOTAL 1.2-1.6 KM 0.7541 2.45E-01 5.76E-05 7.37E-01 7.70E-01 8.52E-01 9.84E-01 1.00E+00 7.71E-04 45
ERL FAT/ TOTAL 1.6-2.1 KM 0.6967 1.90E-01 8.06E-07 7.62E-01 8.66E-01 NOT-FOUND NOT- FOUND 9.97E-01 2.33E-02 45
ERL FAT/ TOTAL 2.1-3.2 KM 0.5172 8.36E-02 1.06E-07 3.25E-01 4.33E-01 6.96E-01 NOT-FOUND 9.87E-01 4.99E-03 54
ERL FAT/ TOTAL 3.2-4.0 KM 0.4691 2.57E-02 0.00E+00 7.95E-02 2.06E-01 2.95E-01 6.83E-01 9.28E-01 8.85E-04 74
ERL FAT/ TOTAL 4.0-4.8 KM 0.3915 9.20E-03 0.00E+00 1.61E-02 7.53E-02 1.25E-01 1.95E-01 8.89E-01 8.85E-04 74
ERL FAT/ TOTAL 4.8-5.6 KM 0.3427 4.88E-03 0.00E+00 2.71E-03 2.94E-02 7.79E-02 1.67E-01 09.34E-01 8.85E-04 74
ERL FAT/ TOTAL 5.6-8.1 KM 0.2770 7.21E-03 0.00E+00 1.16E-03 2.54E-02 2.21E-01 2.95E-01 8.23E-01 8.85E-04 74
ERL FAT/ TOTAL 8.1-11.3 KM 0.1619 7.37E-03 0.00E+00 7.38E-04 4.75E-02 1.19E-01 1.95E-01 5.48E-01 1.14E-04 74
ERL FAT/ TOTAL 11.3-16.1 KM 0.0946 1.34E-04 0.00E+00 0.00E+00 5.74E-04 3.91E-03 NOT-FOUND 1.07E-02 4.14E-03 123
ERL FAT/ TOTAL 16.1-20.9 KM 0.0008 3.67E-10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.77E-07 7.71E-04 45
ERL FAT/ TOTAL 20.9-25.8 KM 0.0000 O0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 O
ERL FAT/ TOTAL 25.8-32.2 KM 0.0000 O0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 O
ERL FAT/ TOTAL 32.2-40.2 KM 0.0000 O0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 O
ERL FAT/ TOTAL 40.2-48.3 KM 0.0000 O0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 O
ERL FAT/ TOTAL 48.3-64.4 KM 0.0000 O0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 O
ERL FAT/ TOTAL 64.4-80.5 KM 0.0000 O0.00E+00 0.00E+00 0.00E+00 O0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 O
POPULATI ON VEEI GHTED RI SK
ERL FAT/ TOTAL 0-2.1 KM 1.0000 1.21E-02 3.49E-03 3.42E-02 3.87E-02 5.04E-02 5.63E-02 6.25E-02 1.14E-04 74
CAN | NJ/ TOTAL 0-16.1 KM 1.0000 2.71E-12 1.14E-12 1.01E-11 1.17E-11 1.64E-11 NOT-FOUND 1.96E-11 4.14E-03 123
EARLY I NJURY DI STANCE (KM
EARLY- ACUTE CLP, PRL, CONVL > 0.100 1.0000 1.46E+00 5.98E-01 3.88E+00 4.95E+00 NOT- FOUND NOT- FOUND 1.09E+01 2.17E-02 77
EARLY- ACUTE M CsI S/ RHINORRH > 0. 100 1.0000 5.70E-01 1.66E-01 1.44E+00 1.87E+00 2.37E+00 4.30E+00 7.75E+00 7.71E-04 45
EARLY- ACUTE SWEATI NG FASCI C > 0. 100 1.0000 2.25E-01 1.25E-01 5.17E-01 6.43E-01 1.15E+00 NOT-FQUND 1.21E+00 5.96E-03 35

AREA DEPCSI TED AGENT EXCEEDS ( KMR)
EARLY- ACUTE VX-LI Q >. 100E-09 kg/ n2 1.0000 3.30E+05 3.39E+05 5.16E+05 5.31E+05 NOT- FOUND NOT- FOUND 5. 50E+05 2.16E-02 122
1 DATE AND TIME OF RUN = MACCS 06/ 23/ 95 12:09: 59 CHEM MACCS VERSION 1S, F. ERIC HASKIN, 2/3/95
"ATMOS" DESCRIPTION = VX_A 1.1 NP, CHEM MACCS EXAMPLE PROBLEM VX_A, ATMOS | NPUT
"EARLY" DESCRIPTION = VX_A 2.1 NP, CHEM MACCS EXAMPLE PROBLEM VX_A, EARLY | NPUT
SOURCE TERM 1 OF 1:
CHEM _MACCS EXAMPLE SOURCE TERM VX

RESULTS FOR A SI NGLE EMERGENCY RESPONSE COHORT W THOUT ANY WEI GHTI NG FRACTI ONS BEI NG APPLI ED
COHORT 1 = EVACUATION WTHI N 10 M LES, RELOCATI ON MCDELS APPLY ELSEVWHERE

06/ 23/ 95 12: 09: 59 PAGE 3 PRCB QUANTI LES PEAK PEAK PEAK
NON-ZERO  MEAN 50TH 90TH 95TH 99TH 99. 9TH CONS PROB TRI AL
HEALTH EFFECTS CASES
ERL FAT/ TOTAL 0-1609 KM 1.0000 1.32E+01 2.36E+00 3.78E+01 6.42E+01 8.19E+01 1.63E+02 7.49E+02 1.14E-04 74
ERL I NJ/CLP, PRL, CONVL 0-1609 KM 1.0000 3.77E+01 1.65E+00 3.84E+01 7.25E+01 NOT- FOUND NOT- FOUND 2.54E+03 1.00E-02 79
ERL 1 NJ/ M CSI S/ RH NORRH 0-1609 KM 1.0000 2.06E+01 8.07E-01 7.80E+00 9.48E+00 NOT- FOUND NOT- FOUND 1.81E+03 1.00E-02 79
ERL | NJ/ SWEATI NG FASCI C 0-1609 KM 0.9933 3.45E-02 9.92E-04 1.01E-01 1.24E-01 NOT- FOUND NOT- FOUND 1.08E+00 1.00E-02 79
CAN | NJ/ CANCER 0-1609 KM 1.0000 1.24E-06 1.09E-06 1.77E-06 2.14E-06 NOT-FOUND NOT- FOUND 2.61E-06 2.16E-02 77
EARLY FATALI TY DI STANCE (KM
ERL FAT/ TOTAL R SK > 0. 001 1.0000 2.39E+00 6.29E-01 7.29E+00 1.09E+01 1.40E+01 NOT-FOUND 1.61E+01 4.14E-03 123
POPULATI ON EXCEEDI NG DOSE
ERL ACU VIN1 > 8.220 ng-nin/n8 0.9975 4.78E+00 1.27E+00 1.20E+01 1.45E+01 2.11E+01 2.80E+01 5.30E+01 4.57E-04 54
ERL ACU VSK2 >100. 000 ng-m n/ n8 0.3819 8.19E-02 0.00E+00 3.07E-01 3.24E-01 3.69E-01 NOT-FOUND 3.95E-01 4.31E-03 56
ERL ACU LSK3 > 2.500 ng/ nan 1.0000 1.86E+02 6.18E+00 8.73E+02 1.46E+03 2.07E+03 2.23E+03 2.40E+03 1.14E-04 111
ERL ACU VCDD > 0. 000 0.0000 O0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 O
AVERAGE | NDI VI DUAL RI SK
ERL FAT/ TOTAL 0-0.2 KM 1.0000 2.08E-01 2.01E-01 2.22E-01 2.32E-01 2.56E-01 NOT-FOUND 2.72E-01 3.77E-03 110
ERL I NJ/CLP, PRL, CONVL 0.2-0.5 KM 0.8577 3.36E-02 2.48E-02 6.39E-02 7.33E-02 NOT-FCQUND NOT- FOUND 9. 69E-02 1.55E-02 31
ERL 1 NJ/ M CSI S/ RHI NORRH 0.5-1.2 KM 0.3674 5.35E-03 0.00E+00 2.14E-02 2.43E-02 NOT- FOUND NOT- FOUND 6.25E-02 1.00E-02 79



ERL | NJ/ SWEATING FASCIC ~ 1.2-1.6 KM 0.0414 1.29E-05 0.00E+00 0.00E+00 0.00E+00 NOT- FOUND NOT- FOUND 1.28E-03 1.00E-02 79
POPULATI ON DOSE (SV)
VCDD TOT LIF 0-16.1 KM 1.0000 1.32E-07 4.81E-08 5.14E-07 6.86E-07 NOT- FOUND NOT- FOUND 9.26E-07 2. 16E-02 77
CENTERLI NE DOSE AT SOME DI STANCES (SV)
LSK3 TOT ACU 0-0.2 KM 1.0000 1.89E+02 1.70E+02 3.19E+02 3.38E+02 3.88E+02 4.73E+02 4.98E+02 5.42E-04 56
LSK3 TOT ACU 0.2-0.5 KM 1.0000 3.75E+01 8.80E+00 1.07E+02 1.20E+02 1.56E+02 NOT- FOUND 1.80E+02 4.11E-03 68
LSK3 TOT ACU 0.5-1.2 KM 1.0000 1.18E+01 1.27E+00 3.92E+01 5.03E+01 6.01E+01 NOT- FOUND 6.63E+01 4.11E-03 68
LSK3 TOT ACU 1.2-1.6 KM 1.0000 6.30E+00 6.34E-01 2.25E+01 2.74E+01 3.42E+01 4.31E+01 4.67E+01 4.57E-04 54
LSK3 TOT ACU 1.6-2.1 KM 1.0000 4.27E+00 4.93E-01 1.29E+01 1.63E+01 2. 21E+01 2.78E+01 4.81E+01 4.57E-04 54
LSK3 TOT ACU 2.1-3.2 KM 0.9900 2.51E+00 3.63E-01 9.14E+00 1.06E+01 1.30E+01 1.73E+01 1.91E+01 4.57E-04 54
LSK3 TOT ACU 3.2-4.0 KM 0.9900 1.69E+00 2.74E-01 5.73E+00 7.12E+00 8.96E+00 1.08E+01 1.22E+01 1.14E-04 74
LSK3 TOT ACU 4.0-4.8 KM 0.9761 1.32E+00 2.19E-01 3.99E+00 5.23E+00 7.66E+00 9.87E+00 1.10E+01 1.14E-04 74
LSK3 TOT ACU 4.8-5.6 KM 0.9761 1.12E+00 1.93E-01 3.36E+00 4.26E+00 7.66E+00 9.87E+00 1.11E+01 7.71E-04 45
LSK3 TOT ACU 5.6-8.1 KM 0.9415 9.83E-01 2.56E-01 2.50E+00 4.50E+00 7.72E+00 9.74E+00 1.04E+01 7.71E-04 45
LSK3 TOT ACU 8.1-11.3 KM 0.8573 8.84E-01 2.17E-01 2.31E+00 6.34E+00 NOT- FOUND NOT- FOUND 9.17E+00 2. 16E-02 77
LSK3 TOT ACU 11.3-16.1 KM 0.7405 4.15E-01 1.05E-01 8.30E-01 3.01E+00 4.18E+00 NOT-FOUND 5.20E+00 4. 14E-03 123
LSK3 TOT ACU 16.1-20.9 KM 1.0000 1.96E-01 9.81E-02 5.62E-01 7.73E-01 1.18E+00 1.90E+00 2.00E+00 7.71E-04 45
LSK3 TOT ACU 20.9-25.8 KM 1.0000 1.53E-01 6.41E-02 4.46E-01 5.89E-01 7.76E-01 9.87E-01 1.96E+00 7.71E-04 45
LSK3 TOT ACU 25.8-32.2 KM 1.0000 1.17E-01 5.35E-02 3.14E-01 4.02E-01 7.40E-01 8.66E-01 8.82E-01 7.71E-04 45
LSK3 TOT ACU 32.2-40.2 KM 1.0000 8.48E-02 4.16E-02 2.42E-01 3.41E-01 NOT- FOUND NOT- FOUND 4.84E-01 2.17E-02 41
LSK3 TOT ACU 40.2-48.3 KM 1.0000 6.90E-02 4.77E-02 1.35E-01 1.91E-01 NOT- FOUND NOT- FOUND 4.52E-01 1.91E-02 51
106/23/95 12:09:59  PAGE 4 PRCB QUANTI LES PEAK PEAK PEAK
NON- ZERO  NEAN 50TH 90TH 95TH 99TH 99. 9TH OONS PROB TRIAL
CENTERLI NE DOSE AT SOME DI STANCES (SV)
LSK3 TOT ACU 48.3-64.4 KM 1.0000 5.92E-02 4.23E-02 1.31E-01 2.09E-01 NOT- FOUND NOT- FOUND 3.38E-01 1.91E-02 51
LSK3 TOT ACU 64.4-80.5 KM 1.0000 3.57E-02 2.64E-02 7.54E-02 9.89E-02 NOT- FOUND NOT- FOUND 1.76E-01 2.16E-02 77
CENTERLI NE RI SK AT SOME DI STANCES
ERL FAT/ TOTAL 0-0.2 KM 1.0000 9.98E-01 NOT- FOUND NOT- FOUND NOT- FOUND NOT- FOUND NOT- FOUND 1.00E+00 9.84E-01 1
ERL FAT/ TOTAL 0.2-0.5 KM 0.8577 5.13E-01 4.11E-01 NOT- FOUND NOT- FOUND NOT- FOUND NOT- FOUND 1.00E+00 3.22E-01 1
ERL FAT/ TOTAL 0.5-1.2 KM 0.4790 3.09E-01 0.00E+00 NOT- FOUND NOT- FOUND NOT- FOUND NOT- FOUND 1.00E+00 1.28E-01 41
ERL FAT/ TOTAL 1.2-1.6 KM 0.4088 2.42E-01 0.00E+00 7.73E-01 8.39E-01 NOT- FOUND NOT- FOUND 1.00E+00 1.14E-02 45
ERL FAT/ TOTAL 1.6-2.1 KM 0.4050 1.89E-01 0.00E+00 7.44E-01 8.15E-01 NOT- FOUND NOT- FOUND 1.00E+00 1.05E-02 54
ERL FAT/ TOTAL 2.1-3.2 KM 0.3677 8.26E-02 0.00E+00 3.25E-01 4.33E-01 6.96E-01 NOT-FOUND 9.98E-01 4.99E-03 54
ERL FAT/ TOTAL 3.2-4.0 KM 0.3383 2.52E-02 0.00E+00 7.94E-02 2.06E-01 2.95E-01 6.83E-01 9.72E-01 8.85E-04 74
ERL FAT/ TOTAL 4.0-4.8 KM 0.2909 8.93E-03 0.00E+00 1.42E-02 7.53E-02 1.29E-01 2.70E-01 9.35E-01 8.85E-04 74
ERL FAT/ TOTAL 4.8-5.6 KM 0.3171 4.70E-03 0.00E+00 2.55E-03 2.54E-02 7.79E-02 1.67E-01 9.83E-01 8.85E-04 74
ERL FAT/ TOTAL 5.6-8.1 KM 0.2660 7.41E-03 0.00E+00 6.00E-04 2.54E-02 2.21E-01 2.95E-01 8.66E-01 8.85E-04 74
ERL FAT/ TOTAL 8.1-11.3 KM 0.1514 7.76E-03 0.00E+00 7.38E-04 4.75E-02 2.13E-01 2.54E-01 5.77E-01 1.14E-04 74
ERL FAT/ TOTAL 11.3-16.1 KM 0.0937 1.42E-04 0.00E+00 0.00E+00 5.74E-04 3.91E-03 NOT-FOUND 1.13E-02 4.14E-03 123
ERL FAT/ TOTAL 16.1-20.9 KM 0.0008 3.67E-10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.77E-07 7.71E-04 45
ERL FAT/ TOTAL 20.9-25.8 KM 0.0000 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0
ERL FAT/ TOTAL 25.8-32.2 KM 0.0000 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0. 00E+00 0.00E+00 0.00E+00 0
ERL FAT/ TOTAL 32.2-40.2 KM 0.0000 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0
ERL FAT/ TOTAL 40.2-48.3 KM 0.0000 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0. 00E+00 0.00E+00 0.00E+00 0
ERL FAT/ TOTAL 48.3-64.4 KM 0.0000 0.00E+00 0.00E+00 0. 00E+00 0.00E+00 0.00E+00 0. 00E+00 0.00E+00 0.00E+00 0
ERL FAT/ TOTAL 64.4-80.5 KM 0.0000 0.00E+00 0.00E+00 0. 00E+00 0.00E+00 0.00E+00 0. 00E+00 0.00E+00 0.00E+00 0
POPULATI ON WEI GHTED RI SK
ERL FAT/ TOTAL 0-2.1 KM 1.0000 1.20E-02 2.91E-03 3.39E-02 3.85E-02 5.05E-02 5.68E-02 6.35E-02 1.14E-04 74
CAN | NJ/ TOTAL 0-16.1 KM 1.0000 2.72E-12 1.10E-12 1.04E-11 1.45E-11 2.02E-11 NOT-FOUND 2.04E-11 4. 14E-03 123
EARLY | NJURY DI STANCE (KM
EARLY-ACUTE CLP, PRL, CONVL > 0.100 1.0000 1.46E+00 5.98E-01 3.88E+00 4.95E+00 NOT- FOUND NOT- FOUND 1.13E+01 2.26E-02 45
EARLY- ACUTE M OSI S/ RHINORRH > 0.100 1.0000 5.62E-01 1.61E-01 1.44E+00 1.87E+00 2.37E+00 4.30E+00 8.05E+00 8.85E-04 45
EARLY- ACUTE SWEATI NG FASCIC > 0.100 1.0000 2.26E-01 1.24E-01 5.17E-01 6.43E-01 NOT- FOUND NOT- FOUND 1.21E+00 3.83E-02 35

AREA DEPCSI TED AGENT EXCEEDS ( KMR)
EARLY- ACUTE VX-LI Q >. 100E-09 kg/ n2 1.0000 3.30E+05 3.39E+05 5.16E+05 5.31E+05 NOT- FOUND NOT- FOUND 5. 50E+05 2.16E-02 122
1 DATE AND TIME OF RUN = MACCS 06/ 23/ 95 12:09: 59  CHEM MACCS VERSION 1S, F. ERIC HASKIN, 2/3/95



"ATMOS" DESCRI PTI ON
"EARLY" DESCRI PTI ON

SOURCE TERM 1 COF 1:
CHEM _MACCS EXAMPLE SOURCE TERM VX

1.IN
2. 1IN

P, CHEM MACCS EXAMPLE PROBLEM VX_A, ATMOS | NPUT
P, CHEM MACCS EXAMPLE PROBLEM VX_A, EARLY | NPUT

RESULTS FOCR A SI NGLE EMERGENCY RESPONSE COHORT W THOUT ANY WEI GHTI NG FRACTI ONS BEI NG APPLI ED

COHORT 2 = NO EVACUATI ON, RELOCATI ON MODELS APPLY EVERYWHERE

06/ 23/ 95

HEALTH EFFECTS CASES

FAT/ TOTAL

I'NJ/ CLP, PRL, CONVL
I NJ/ M CSl S/ RH NORRH
I NJ/ SWEATI NG FASCI C
I NJ/ CANCER

12: 09: 59 PAGE 5

0- 1609
0- 1609
0- 1609
0- 1609
0- 1609

EARLY FATALI TY DI STANCE (KM
ERL FAT/ TOTAL R SK > 0. 001

POPULATI ON EXCEEDI NG DOSE
ERL ACU VIN1 > 8.220 ng-nin/n8
ERL ACU VSK2 >100. 000 ng-m n/ n8
ERL ACU LSK3 > 2.500 ng/ nan
ERL ACU VCDD > 0. 000

AVERAGE | NDI VI DUAL RI SK

ERL FAT/ TOTAL 0-0.2
ERL INJ/CLP, PRL, COWL  0.2-0.5
ERL INJ/MOSIS/RHINORRH  0.5-1.2
ERL I|NJ/SWEATING FASCIC  1.2-1.6
POPULATI ON DOSE (SV)
VCDD TOT LIF 0-16.1
CENTERLI NE DOSE AT SOME DI STANCES (
LSK3 TOT ACU 0-0.2
LSK3 TOT ACU 0.2-0.5
LSK3 TOT ACU 0.5-1.2
LSK3 TOT ACU 1.2-1.6
LSK3 TOT ACU 1.6-2.1
LSK3 TOT ACU 2.1-3.2
LSK3 TOT ACU 3.2-4.0
LSK3 TOT ACU 4.0-4.8
LSK3 TOT ACU 4.8-5.6
LSK3 TOT ACU 5.6-8.1
LSK3 TOT ACU 8.1-11.3
LSK3 TOT ACU 11.3-16.1
LSK3 TOT ACU 16. 1-20. 9
LSK3 TOT ACU 20.9-25.8
LSK3 TOT ACU 25.8-32.2
LSK3 TOT ACU 32.2-40.2
LSK3 TOT ACU 40.2-48.3
106/23/95 12:09:59  PAGE 6
CENTERLI NE DOSE AT SOMVE DI STANCES (
LSK3 TOT ACU 48.3-64.4
LSK3 TOT ACU 64. 4-80. 5

CENTERLI NE RI SK AT SOME DI STANCES
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ERL FAT/ TOTAL 0-0.2 KM 1.0000 1.00E+00 NOT- FOUND NOT- FOUND NOT- FOUND NOT- FOUND NOT- FOUND 1. 00E+00 1. 00E+00 1
ERL FAT/ TOTAL 0.2-0.5 KM 0.9779 7.67E-01 8.51E-01 NOT- FOUND NOT- FOUND NOT- FOUND NOT- FOUND 1. 00E+00 3. 95E-01 1
ERL FAT/ TOTAL 0.5-1.2 KM 0.8404 4.16E-01 7.35E-02 NOT- FOUND NOT- FOUND NOT- FOUND NOT- FOUND 1. 00E+00 1.25E-01 41
ERL FAT/ TOTAL 1.2-1.6 KM 0.7370 3.05E-01 1.22E-03 7.57E-01 8.04E-01 9.25E-01 NOT-FOUND 1.00E+00 4.11E-03 68
ERL FAT/ TOTAL 1.6-2.1 KM 0.6575 2.16E-01 1.78E-05 7.43E-01 7.90E-01 9.10E-01 NOT-FOUND 9.85E-01 4.11E-03 68
ERL FAT/ TOTAL 2.1-3.2 KM 0.4780 1.02E-01 0.00E+00 4.15E-01 6.36E-01 NOT-FCUND NOT- FOUND 9.42E-01 1.84E-02 79
ERL FAT/ TOTAL 3.2-4.0 KM 0.4299 3.44E-02 0.00E+00 1.04E-01 1.74E-01 NOT-FCQUND NOT- FOUND 8.87E-01 1.00E-02 79
ERL FAT/ TOTAL 4.0-4.8 KM 0.3682 1.43E-02 0.00E+00 2.18E-02 4.35E-02 NOT-FCQUND NOT- FOUND 7.96E-01 1.00E-02 79
ERL FAT/ TOTAL 4.8-5.6 KM 0.2640 8.16E-03 0.00E+00 3.14E-03 7.86E-03 NOT- FOQUND NOT- FOUND 6.77E-01 1.00E-02 79
ERL FAT/ TOTAL 5.6-8.1 KM 0.2047 3.39E-03 0.00E+00 2.27E-05 2.27E-04 NOT-FCQUND NOT- FOUND 3.31E-01 1.00E-02 79
ERL FAT/ TOTAL 8.1-11.3 KM 0.0818 2.90E-05 0.00E+00 0.00E+00 7.51E-07 NOT- FOUND NOT- FOUND 2.84E-03 1.00E-02 79
ERL FAT/ TOTAL 11.3-16.1 KM 0.0009 1.29E-09 O0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 8.46E-06 1.14E-04 74
ERL FAT/ TOTAL 16.1-20.9 KM 0.0008 3.67E-10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.77E-07 7.71E-04 45
ERL FAT/ TOTAL 20.9-25.8 KM 0.0000 O0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 O
ERL FAT/ TOTAL 25.8-32.2 KM 0.0000 O0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 O
ERL FAT/ TOTAL 32.2-40.2 KM 0.0000 O0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 O
ERL FAT/ TOTAL 40.2-48.3 KM 0.0000 O0.00E+00 0.00E+00 0.00E+00 O0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 O
ERL FAT/ TOTAL 48.3-64.4 KM 0.0000 O0.00E+00 0.00E+00 0.00E+00 O0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 O
ERL FAT/ TOTAL 64.4-80.5 KM 0.0000 O0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 O
POPULATI ON VEEI GHTED RI SK
ERL FAT/ TOTAL 0-2.1 KM 1.0000 1.51E-02 6.19E-03 3.19E-02 3.38E-02 3.89E-02 4.74E-02 5.25E-02 5.42E-04 56
CAN | NJ/ TOTAL 0-16.1 KM 1.0000 2.39E-12 1.70E-12 5.03E-12 5.58E-12 NOT-FOUND NOT- FOUND 9.89E-12 1.00E-02 79
EARLY I NJURY DI STANCE (KM
EARLY- ACUTE CLP, PRL, CONVL > 0.100 1.0000 1.52E+00 6.70E-01 3.42E+00 3.84E+00 NOT- FOUND NOT- FOUND 8. 05E+00 1.00E-02 79
EARLY- ACUTE M CsI S/ RHINORRH > 0. 100 1.0000 7.15E-01 5.08E-01 1.82E+00 2.20E+00 NOT- FOUND NOT- FOUND 3. 22E+00 1.00E-02 79
EARLY- ACUTE SWEATI NG FASCI C > 0. 100 1.0000 2.07E-01 1.24E-01 5.03E-01 5.62E-01 1.07E+00 NOT-FCQUND 1.61E+00 2.45E-03 83
AREA DEPCS|I TED AGENT EXCEEDS ( KMR)
EARLY- ACUTE VX-LI Q >. 100E-09 kg/ n2 1.0000 3.30E+05 3.39E+05 5.16E+05 5.31E+05 NOT- FOUND NOT- FOUND 5. 50E+05 2.16E-02 122

1 DATE AND TIME OF RUN = MACCS 06/ 23/ 95 12:09: 59 CHEM MACCS VERSION 1S, F. ERIC HASKIN, 2/3/95
"ATMOS" DESCRIPTION = VX_A 1.1 NP, CHEM MACCS EXAMPLE PROBLEM VX_A, ATMOS | NPUT
"EARLY" DESCRIPTION = VX_A 2.1 NP, CHEM MACCS EXAMPLE PROBLEM VX_A, EARLY | NPUT

SOURCE TERM 1 OF 1:
CHEM _MACCS EXAMPLE SOURCE TERM VX

RESULTS FOCR A SI NGLE EMERGENCY RESPONSE COHORT W THOUT ANY WEI GHTI NG FRACTI ONS BEI NG APPLI ED
COHORT 3 = SHELTERING WTHI N 10 M LES, RELOCATI ON MCDELS APPLY ELSEVWHERE

06/ 23/ 95 12: 09: 59 PAGE 7 PRCB QUANTI LES PEAK PEAK PEAK
NON-ZERO  MEAN 50TH 90TH 95TH 99TH 99. 9TH CONS PROB TRI AL
HEALTH EFFECTS CASES
ERL FAT/ TOTAL 0-1609 KM 1.0000 1.03E+01 3.66E+00 3.13E+01 3.60E+01 NOT- FOUND NOT- FOUND 6. 34E+01 1.00E-02 79
ERL I NJ/CLP, PRL, CONVL 0-1609 KM 1.0000 9.76E+00 3.20E+00 3.13E+01 3.60E+01 NOT- FOUND NOT- FOUND 6. 32E+01 1.00E-02 79
ERL 1 NJ/ M CSI S/ RH NORRH 0-1609 KM 1.0000 2.34E+00 8.86E-01 7.08E+00 7.49E+00 8.51E+00 1.05E+01 1.16E+01 5.42E-04 56
ERL | NJ/ SWEATI NG FASCI C 0-1609 KM 1.0000 2.35E-02 2.22E-03 7.56E-02 8.82E-02 1.14E-01 1.53E-01 1.65E-01 5.42E-04 56
CAN | NJ/ CANCER 0-1609 KM 1.0000 1.19E-06 1.05E-06 1.44E-06 1.66E-06 NOT-FOUND NOT- FOUND 2.03E-06 1.91E-02 51
EARLY FATALI TY DI STANCE (KM
ERL FAT/ TOTAL R SK > 0. 001 1.0000 2.02E+00 1.57E+00 4.17E+00 5.14E+00 NOT- FOUND NOT- FOUND 8. 05E+00 1.05E-02 54
POPULATI ON EXCEEDI NG DOSE
ERL ACU VIN1 > 8.220 ng-nin/n8 1.0000 5.05E+00 1.55E+00 1.10E+01 1.21E+01 1.51E+01 2.24E+01 2.91E+01 5.42E-04 56
ERL ACU VSK2 >100. 000 ng-m n/ n8 0.3885 9.66E-02 0.00E+00 3.12E-01 3.30E-01 3.74E-01 NOT-FOUND 3.95E-01 5.08E-03 45
ERL ACU LSK3 > 2.500 ng/ nan 1.0000 5.58E+01 1.74E+01 1.36E+02 1.79E+02 NOT- FOUND NOT- FOUND 4. 11E+02 1.00E-02 79
ERL ACU VCDD > 0. 000 0.0000 O0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 O

AVERAGE | NDI VI DUAL RI SK
ERL FAT/ TOTAL 0-0.2 KM 1.0000 2.10E-01 2.01E-01 2.17E-01 2.25E-01 2.43E-01 2.72E-01 2.75E-01 7.99E-04 108



ERL INJ/CLP, PRL, COWL  0.2-0.5 KM 0.9779 4.46E-02 5.06E-02 6.78E-02 7.62E-02 NOT- FOUND NOT- FOUND 9.26E-02 1.55E-02 31
ERL INJ/MOSIS/RHINORRH  0.5-1.2 KM 0.5339 4.19E-03 2.72E-10 2.03E-02 2.16E-02 2.50E-02 3.13E-02 3.44E-02 5.42E-04 56
ERL | NJ/ SWEATING FASCIC ~ 1.2-1.6 KM 0.0041 1.09E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 NOT-FOUND 2.66E-10 4.11E-03 68
POPULATI ON DOSE (SV)
VCDD TOT LIF 0-16.1 KM 1.0000 8.53E-08 5.80E-08 1.80E-07 2.08E-07 2.40E-07 2.93E-07 3.30E-07 7.71E-04 45
CENTERLI NE DOSE AT SOME DI STANCES (SV)
LSK3 TOT ACU 0-0.2 KM 1.0000 1.93E+02 1.68E+02 3.23E+02 3.44E+02 3.97E+02 4.88E+02 5. 23E+02 7.71E-04 45
LSK3 TOT ACU 0.2-0.5 KM 1.0000 4.07E+01 1.65E+01 1.03E+02 1.12E+02 1.37E+02 NOT- FOUND 1.54E+02 4.11E-03 68
LSK3 TOT ACU 0.5-1.2 KM 1.0000 1.30E+01 4.58E+00 3.52E+01 4.24E+01 5.27E+01 NOT- FOUND b5.53E+01 4.11E-03 68
LSK3 TOT ACU 1.2-1.6 KM 1.0000 6.97E+00 2.53E+00 2.04E+01 2.21E+01 2. 65E+01 NOT-FOUND 2.93E+01 4.11E-03 68
LSK3 TOT ACU 1.6-2.1 KM 1.0000 4.83E+00 1.73E+00 1.13E+01 1.28E+01 1.70E+01 NOT-FOUND 2. 00E+01 4.11E-03 68
LSK3 TOT ACU 2.1-3.2 KM 1.0000 2.90E+00 9.29E-01 8.12E+00 1.06E+01 NOT- FOUND NOT- FOUND 1.58E+01 1.00E-02 79
LSK3 TOT ACU 3.2-4.0 KM 1.0000 1.89E+00 6.34E-01 5.42E+00 6.63E+00 NOT- FOUND NOT- FOUND 1.41E+01 1.00E-02 79
LSK3 TOT ACU 4.0-4.8 KM 1.0000 1.40E+00 4.53E-01 3.62E+00 4.55E+00 NOT- FOUND NOT- FOUND 1.24E+01 1.00E-02 79
LSK3 TOT ACU 4.8-5.6 KM 1.0000 1.08E+00 4.01E-01 3.01E+00 3.52E+00 NOT- FOUND NOT- FOUND 1.10E+01 1.00E-02 79
LSK3 TOT ACU 5.6-8.1 KM 1.0000 6.95E-01 2.69E-01 1.72E+00 2.19E+00 NOT- FOUND NOT- FOUND 8.08E+00 1.00E-02 79
LSK3 TOT ACU 8.1-11.3 KM 1.0000 3.57E-01 1.76E-01 8.89E-01 1.18E+00 NOT- FOUND NOT- FOUND 3.36E+00 1.00E-02 79
LSK3 TOT ACU 11.3-16.1 KM 1.0000 2.13E-01 1.05E-01 6.11E-01 7.96E-01 1.10E+00 1.43E+00 1.83E+00 1.14E-04 74
LSK3 TOT ACU 16.1-20.9 KM 1.0000 1.96E-01 9.81E-02 5.62E-01 7.73E-01 1.18E+00 1.90E+00 2.00E+00 7.71E-04 45
LSK3 TOT ACU 20.9-25.8 KM 1.0000 1.53E-01 6.41E-02 4.46E-01 5.89E-01 7.76E-01 9.87E-01 1.96E+00 7.71E-04 45
LSK3 TOT ACU 25.8-32.2 KM 1.0000 1.17E-01 5.35E-02 3.14E-01 4.02E-01 7.40E-01 8.66E-01 8.82E-01 7.71E-04 45
LSK3 TOT ACU 32.2-40.2 KM 1.0000 8.48E-02 4.16E-02 2.42E-01 3.41E-01 NOT- FOUND NOT- FOUND 4.84E-01 2.17E-02 41
LSK3 TOT ACU 40.2-48.3 KM 1.0000 6.90E-02 4.77E-02 1.35E-01 1.91E-01 NOT- FOUND NOT- FOUND 4.52E-01 1.91E-02 51
106/23/95 12:09:59  PAGE 8 PROB QUANTI LE PEAK PEAK PEAK
NON- ZERO  NEAN 50TH 90TH 95TH 99TH 99. 9TH OONS PROB TRIAL
CENTERLI NE DOSE AT SOME DI STANCES (SV)
LSK3 TOT ACU 48.3-64.4 KM 1.0000 5.92E-02 4.23E-02 1.31E-01 2.09E-01 NOT- FOUND NOT- FOUND 3.38E-01 1.91E-02 51
LSK3 TOT ACU 64.4-80.5 KM 1.0000 3.57E-02 2.64E-02 7.54E-02 9.89E-02 NOT- FOUND NOT- FOUND 1.76E-01 2.16E-02 77
CENTERLI NE RI SK AT SOME DI STANCES
ERL FAT/ TOTAL 0-0.2 KM 1.0000 1.00E+00 NOT- FOUND NOT- FOUND NOT- FOUND NOT- FOUND NOT- FOUND 1.00E+00 1.00E+00 1
ERL FAT/ TOTAL 0.2-0.5 KM 0.9779 6.91E-01 7.76E-01 NOT- FOUND NOT- FOUND NOT- FOUND NOT- FOUND 1.00E+00 3.34E-01 1
ERL FAT/ TOTAL 0.5-1.2 KM 0.8165 3.84E-01 2.12E-02 9.30E-01 NOT- FOUND NOT- FOUND NOT- FOUND 1.00E+00 7.23E-02 41
ERL FAT/ TOTAL 1.2-1.6 KM 0.6912 2.58E-01 1.20E-04 7.50E-01 7.97E-01 9.20E-01 NOT-FOUND 9.96E-01 4.11E-03 68
ERL FAT/ TOTAL 1.6-2.1 KM 0.5978 1.68E-01 1.44E-06 7.39E-01 8.49E-01 NOT- FOUND NOT- FOUND 9.38E-01 3.03E-02 68
ERL FAT/ TOTAL 2.1-3.2 KM 0.4606 6.41E-02 0.00E+00 2.54E-01 4.32E-01 NOT- FOUND NOT- FOUND 8.43E-01 1.00E-02 79
ERL FAT/ TOTAL 3.2-4.0 KM 0.4078 1.86E-02 0.00E+00 4.05E-02 6.42E-02 NOT- FOUND NOT- FOUND 7.45E-01 1.00E-02 79
ERL FAT/ TOTAL 4.0-4.8 KM 0.2913 8.19E-03 0.00E+00 5.36E-03 1.36E-02 NOT- FOUND NOT- FOUND 6.12E-01 1.00E-02 79
ERL FAT/ TOTAL 4.8-5.6 KM 0.2483 5.06E-03 0.00E+00 5.94E-04 1.26E-03 NOT- FOUND NOT- FOUND 4.70E-01 1.00E-02 79
ERL FAT/ TOTAL 5.6-8.1 KM 0.1945 1.69E-03 0.00E+00 2.27E-06 2.28E-05 NOT- FOUND NOT- FOUND 1.67E-01 1.00E-02 79
ERL FAT/ TOTAL 8.1-11.3 KM 0.0553 5.02E-06 0.00E+00 0.00E+00 5.34E-08 NOT- FOUND NOT- FOUND 4.95E-04 1.00E-02 79
ERL FAT/ TOTAL 11.3-16.1 KM 0.0001 8.17E-11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 7.15E-07 1.14E-04 74
ERL FAT/ TOTAL 16.1-20.9 KM 0.0008 3.67E-10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.77E-07 7.71E-04 45
ERL FAT/ TOTAL 20.9-25.8 KM 0.0000 0.00E+00 0.00E+00 0. 00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0
ERL FAT/ TOTAL 25.8-32.2 KM 0.0000 0.00E+00 0.00E+00 0. 00E+00 0.00E+00 0.00E+00 0. 00E+00 0.00E+00 0.00E+00 0
ERL FAT/ TOTAL 32.2-40.2 KM 0.0000 0.00E+00 0.00E+00 0. 00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0
ERL FAT/ TOTAL 40.2-48.3 KM 0.0000 0.00E+00 0.00E+00 0. 00E+00 0.00E+00 0.00E+00 0. 00E+00 0.00E+00 0.00E+00 0
ERL FAT/ TOTAL 48.3-64.4 KM 0.0000 0.00E+00 0.00E+00 0. 00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0
ERL FAT/ TOTAL 64.4-80.5 KM 0.0000 0.00E+00 0.00E+00 0. 00E+00 0.00E+00 0.00E+00 0. 00E+00 0.00E+00 0.00E+00 0
POPULATI ON WEI GHTED RI SK
ERL FAT/ TOTAL 0-2.1 KM 1.0000 1.23E-02 4.98E-03 3.13E-02 3.30E-02 3.73E-02 4.43E-02 4.64E-02 5.42E-04 56
CAN | NJ/ TOTAL 0-16.1 KM 1.0000 1.60E-12 1.19E-12 3.25E-12 3.72E-12 5.03E-12 5.79E-12 5.88E-12 7.71E-04 45
EARLY | NJURY DI STANCE (KM
EARLY-ACUTE CLP, PRL, CONVL > 0.100 1.0000 1.35E+00 6.58E-01 3.36E+00 3.79E+00 NOT- FOUND NOT- FOUND 8.05E+00 1.00E-02 79
EARLY- ACUTE M OSI S/ RHINORRH > 0.100 1.0000 5.82E-01 1.82E-01 1.36E+00 1.67E+00 NOT- FOUND NOT- FOUND 2.13E+00 2.72E-02 45
EARLY- ACUTE SWEATI NG FASCIC > 0.100 1.0000 2.28E-01 1.26E-01 5.30E-01 6.32E-01 NOT- FOUND NOT- FOUND 1.21E+00 3.36E-02 35
AREA DEPCS| TED AGENT EXCEEDS (KM2)



EARLY- ACUTE VX- LI Q >. 100E-09 kg/ n2 1.0000 3.30E+05 3.39E+05 5.16E+05 5.31E+05 NOT-FOUND NOT- FOUND 5. 50E+05 2.16E-02 122
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SOURCE TERM 1 COF 1:
CHEM _MACCS EXAMPLE SOURCE TERM VX

RESULT NAME = HEALTH EFFECTS CASES

ERL FAT/ TOTAL 0-1609 KM
PECPLE FRACTION = 0. 9500 0. 0500 0. 0000

OVERALL EMER RESP. # 1 EMER RESP. # 2 EMER RESP. # 3
X PROB>=X X PROB>=X X PROB>=X X PROB>=X
1. 00E-05 1. 00E+00 1. 00E-05 1. 00E+00 1. 00E-05 1. 00E+00 1. 00E-06 1. 00E+00
2.00E-05 1. 00E+00 2.00E-05 1.00E+00 2.00E-05 1. 00E+00 2.00E-06 1.00E+00
3. 00E-05 1. 00E+00 3. 00E-05 1. 00E+00 3. 00E-05 1. 00E+00 3. 00E-06 1.00E+00
5. 00E-05 1. 00E+00 5. 00E-05 1. 00E+00 5. 00E-05 1. 00E+00 5. 00E-06 1. 00E+00
7.00E-05 1.00E+00 7.00E-05 1. 00E+00 7.00E-05 1.00E+00 7.00E-06 1.00E+00
1. 00E-04 1. 00E+00 1. 00E-04 1. 00E+00 1. 00E-04 1. 00E+00 1. 00E-05 1. 00E+00
2.00E-04 1.00E+00 2.00E-04 1.00E+00 2.00E-04 1.00E+00 2.00E-05 1. 00E+00
3. 00E-04 1. 00E+00 3. 00E-04 1. 00E+00 3. 00E-04 1. 00E+00 3. 00E-05 1. 00E+00
5. 00E-04 1. 00E+00 5. 00E-04 1. 00E+00 5. 00E-04 1. 00E+00 5. 00E-05 1. 00E+00
7.00E-04 1.00E+00 7.00E-04 1.00E+00 7.00E-04 1.00E+00 7.00E-05 1. 00E+00
1. 00E-03 1. 00E+00 1. 00E-03 1. 00E+00 1. 00E-03 1. 00E+00 1. 00E-04 1. 00E+00
2.00E-03 1. 00E+00 2.00E-03 1. 00E+00 2. 00E-03 1. 00E+00 2.00E-04 1. 00E+00
3. 00E-03 1. 00E+00 3. 00E-03 1. 00E+00 3. 00E-03 1. 00E+00 3. 00E-04 1. 00E+00
5. 00E-03 1. 00E+00 5. 00E-03 1. 00E+00 5. 00E-03 1. 00E+00 5. 00E-04 1. 00E+00
7.00E-03 1.00E+00 7.00E-03 1. 00E+00 7.00E-03 1.00E+00 7.00E-04 1.00E+00
1. 00E-02 1. 00E+00 1. 00E-02 1. 00E+00 1. 00E-02 1. 00E+00 1. 00E-03 1. 00E+00
2.00E-02 1.00E+00 2.00E-02 9.98E-01 2.00E-02 1.00E+00 2.00E-03 1. 00E+00
3. 00E-02 1.00E+00 3. 00E-02 9.98E-01 3. 00E-02 1. 00E+00 3. 00E-03 1. 00E+00
5. 00E-02 1. 00E+00 5. 00E-02 9.98E-01 5. 00E-02 1. 00E+00 5. 00E-03 1. 00E+00
7.00E-02 1.00E+00 7.00E-02 9.98E-01 7.00E-02 1.00E+00 7.00E-03 1.00E+00
1.00E-01 1. 00E+00 1.00E-01 9.98E-01 1.00E-01 1. 00E+00 1. 00E-02 1. 00E+00
2.00E-01 9.98E-01 2.00E-01 9.98E-01 2.00E-01 1.00E+00 2.00E-02 1.00E+00
3.00E-01 9.98E-01 3.00E-01 9.93E-01 3.00E-01 1. 00E+00 3. 00E-02 1. 00E+00
5.00E-01 9.93E-01 5.00E-01 9.84E-01 5. 00E-01 1. 00E+00 5.00E-02 1. 00E+00
7.00E-01 9.18E-01 7.00E-01 8.58E-01 7.00E-01 1.00E+00 7.00E-02 1.00E+00
1. 00E+00 7.92E-01 1. 00E+00 7. 86E-01 1. 00E+00 9. 74E-01 1. 00E-01 1. 00E+00
2. 00E+00 6.10E-01 2. 00E+00 5.94E-01 2. 00E+00 8.14E-01 2.00E-01 1.00E+00
3. 00E+00 3.97E-01 3. 00E+00 3. 90E-01 3. 00E+00 6.47E-01 3.00E-01 1.00E+00
5. 00E+00 3. 67E-01 5. 00E+00 3. 63E-01 5. 00E+00 4. 70E-01 5.00E-01 1. 00E+00
7.00E+00 3. 26E-01 7.00E+00 3.26E-01 7.00E+00 4.09E-01 7.00E-01 9.74E-01
1. 00E+01 2. 68E-01 1. 00E+01 2. 68E-01 1. 00E+01 3. 82E-01 1. 00E+00 9. 38E-01
2.00E+01 2.16E-01 2.00E+01 2.16E-01 2. 00E+01 2.64E-01 2. 00E+00 7.06E-01
3.00E+01 1.73E-01 3.00E+01 1.70E-01 3. 00E+01 1.91E-01 3. 00E+00 5.50E-01
5. 00E+01 5. 28E-02 5. 00E+01 5. 28E-02 5. 00E+01 1.14E-02 5. 00E+00 4.31E-01
7.00E+01 4.91E-02 7.00E+01 4. 91E-02 7.00E+01 1. 00E-02 7.00E+00 3.86E-01
1. 00E+02 8. 85E- 04 1. 00E+02 1. 34E-03 9. 61E+01 1. 00E-02 1. 00E+01 3. 66E-01
2. 00E+02 8. 85E-04 2. 00E+02 8. 85E-04 N. D. N. D. 2.00E+01 1.98E-01
3. 00E+02 8. 85E-04 3. 00E+02 8. 85E-04 N. D. N. D. 3. 00E+01 1.22E-01
5. 00E+02 1.14E-04 5. 00E+02 8. 85E-04 N. D. N. D. 5. 00E+01 1. 00E-02
7.00E+02 1.14E-04 7.00E+02 1.14E-04 N. D. N. D. 6. 34E+01 1. 00E-02

7.14E+02 1.14E-04 7.49E+02 1.14E-04 N. D. N. D. N. D. N. D.

N. D. N. D. N. D. N. D. N. D. N. D. N. D. N. D.

N. D. N. D. N. D. N. D. N. D. N. D. N. D. N. D.

N. D. N. D. N. D. N. D. N. D. N. D. N. D. N. D.

N. D. N. D. N. D. N. D. N. D. N. D. N. D. N. D.

N. D. N. D. N. D. N. D. N. D. N. D. N. D. N. D.
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SOURCE TERM 1 OF 1:
CHEM _MACCS EXAMPLE SOURCE TERM VX

RESULT NAME = EARLY FATALI TY DI STANCE (KM
ERL FAT/ TOTAL R SK > 0. 001

PECPLE FRACTION = 0. 9500 0. 0500 0. 0000
OVERALL EMER RESP. # 1 EMER RESP. # 2 EMER RESP. # 3
X PROB>=X X PROB>=X X PROB>=X X PROB>=X
1. 00E-06 1. 00E+00 1. 00E-06 1. 00E+00 1. 00E-06 1. 00E+00 1. 00E-06 1. 00E+00
2.00E-06 1.00E+00 2.00E-06 1.00E+00 2.00E-06 1.00E+00 2.00E-06 1.00E+00
3. 00E-06 1.00E+00 3. 00E-06 1.00E+00 3. 00E-06 1.00E+00 3. 00E-06 1.00E+00
5. 00E-06 1. 00E+00 5. 00E-06 1. 00E+00 5. 00E-06 1. 00E+00 5. 00E-06 1. 00E+00
7.00E-06 1.00E+00 7.00E-06 1.00E+00 7.00E-06 1.00E+00 7.00E-06 1.00E+00
1. 00E-05 1. 00E+00 1. 00E-05 1. 00E+00 1. 00E-05 1. 00E+00 1. 00E-05 1. 00E+00
2.00E-05 1.00E+00 2.00E-05 1. 00E+00 2.00E-05 1.00E+00 2.00E-05 1. 00E+00
3. 00E-05 1. 00E+00 3. 00E-05 1. 00E+00 3. 00E-05 1. 00E+00 3. 00E-05 1. 00E+00
5. 00E-05 1. 00E+00 5. 00E-05 1. 00E+00 5. 00E-05 1. 00E+00 5. 00E-05 1. 00E+00
7.00E-05 1. 00E+00 7.00E-05 1.00E+00 7.00E-05 1. 00E+00 7.00E-05 1.00E+00
1. 00E-04 1. 00E+00 1. 00E-04 1. 00E+00 1. 00E-04 1. 00E+00 1. 00E-04 1. 00E+00
2.00E-04 1.00E+00 2.00E-04 1.00E+00 2.00E-04 1. 00E+00 2.00E-04 1.00E+00
3. 00E-04 1. 00E+00 3. 00E-04 1. 00E+00 3. 00E-04 1. 00E+00 3. 00E-04 1. 00E+00
5. 00E-04 1. 00E+00 5. 00E-04 1. 00E+00 5. 00E-04 1. 00E+00 5. 00E-04 1. 00E+00
7.00E-04 1.00E+00 7.00E-04 1.00E+00 7.00E-04 1.00E+00 7.00E-04 1.00E+00
1. 00E-03 1. 00E+00 1. 00E-03 1. 00E+00 1. 00E-03 1. 00E+00 1. 00E-03 1. 00E+00
2.00E-03 1. 00E+00 2.00E-03 1. 00E+00 2.00E-03 1. 00E+00 2.00E-03 1. 00E+00
3. 00E-03 1. 00E+00 3. 00E-03 1. 00E+00 3. 00E-03 1. 00E+00 3. 00E-03 1. 00E+00
5. 00E-03 1. 00E+00 5. 00E-03 1. 00E+00 5. 00E-03 1. 00E+00 5. 00E-03 1. 00E+00
7.00E-03 1.00E+00 7.00E-03 1.00E+00 7.00E-03 1.00E+00 7.00E-03 1.00E+00
1. 00E-02 1. 00E+00 1. 00E-02 1. 00E+00 1. 00E-02 1. 00E+00 1. 00E-02 1. 00E+00
2.00E-02 1.00E+00 2.00E-02 1.00E+00 2.00E-02 1.00E+00 2.00E-02 1.00E+00
3. 00E-02 1.00E+00 3. 00E-02 1. 00E+00 3. 00E-02 1. 00E+00 3. 00E-02 1.00E+00
5. 00E-02 1. 00E+00 5. 00E-02 1. 00E+00 5. 00E-02 1. 00E+00 5. 00E-02 1. 00E+00
7.00E-02 1.00E+00 7.00E-02 1.00E+00 7.00E-02 1.00E+00 7.00E-02 1.00E+00
1. 00E-01 1. 00E+00 1. 00E-01 1.00E+00 1. 00E-01 1.00E+00 1. 00E-01 1.00E+00
2.00E-01 9.74E-01 2.00E-01 8.57E-01 2.00E-01 9.78E-01 2.00E-01 9.78E-01
3.00E-01 8.57E-01 3.00E-01 8.57E-01 3.00E-01 9.78E-01 3.00E-01 9.78E-01
5.00E-01 8.57E-01 5.00E-01 8.57E-01 5.00E-01 9.78E-01 5.00E-01 9.78E-01
7.00E-01 3.89E-01 7.00E-01 3.89E-01 7.00E-01 6.88E-01 7.00E-01 6.13E-01
1. 00E+00 3. 89E-01 1. 00E+00 3. 89E-01 1. 00E+00 6. 88E-01 1. 00E+00 6. 13E-01
2. 00E+00 3. 26E-01 2. 00E+00 3. 26E-01 2. 00E+00 4.63E-01 2. 00E+00 4. 49E-01
3. 00E+00 2.58E-01 3. 00E+00 2.58E-01 3. 00E+00 3. 61E-01 3. 00E+00 2. 74E-01
5. 00E+00 1.55E-01 5. 00E+00 1.55E-01 5. 00E+00 1.31E-01 5. 00E+00 5. 73E-02
7.00E+00 1.02E-01 7.00E+00 1.02E-01 7.00E+00 3. 62E-02 7.00E+00 1. 05E-02
1. 00E+01 8. 54E-02 1. 00E+01 8. 54E-02 1. 00E+01 1. 00E-02 8. 05E+00 1. 05E-02
1. 56E+01 4. 14E-03 1. 61E+01 4. 14E-03 1. 13E+01 1. 00E- 02 N. D. N. D.
N. D. N. D. N. D. N. D. N. D. N. D. N. D. N. D.
N. D. N. D. N. D. N. D. N. D. N. D. N. D. N. D.
N. D. N. D. N. D. N. D. N. D. N. D. N. D. N. D.
N. D. N. D. N. D. N. D. N. D. N. D. N. D. N. D.
N. D. N. D. N. D. N. D. N. D. N. D. N. D. N. D.
N. D. N. D. N. D. N. D. N. D. N. D. N. D. N. D.
N. D. N. D. N. D. N. D. N. D. N. D. N. D. N. D.
N. D. N. D. N. D. N. D. N. D. N. D. N. D. N. D.
N. D. N. D. N. D. N. D. N. D. N. D. N. D. N. D.
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SOURCE TERM 1 OF 1:
CHEM _MACCS EXAMPLE SOURCE TERM VX



RESULT NAME = PCPULATI ON VEI GHTED RI SK

ERL FAT/ TOTAL 0-2.1 KM
PECPLE FRACTION = 0. 9500 0. 0500 0. 0000

OVERALL EMER RESP. # 1 EMER RESP. # 2 EMER RESP. # 3
X PROB>=X X PROB>=X X PROB>=X X PROB>=X
1. 00E-08 1. 00E+00 1. 00E-08 1. 00E+00 1. 00E-08 1. 00E+00 1. 00E-08 1. 00E+00
2.00E-08 1.00E+00 2.00E-08 1.00E+00 2. 00E-08 1.00E+00 2.00E-08 1.00E+00
3. 00E-08 1. 00E+00 3. 00E-08 1. 00E+00 3. 00E-08 1. 00E+00 3. 00E-08 1. 00E+00
5. 00E-08 1. 00E+00 5. 00E-08 1. 00E+00 5. 00E-08 1. 00E+00 5. 00E-08 1. 00E+00
7.00E-08 1.00E+00 7.00E-08 1.00E+00 7.00E-08 1.00E+00 7.00E-08 1.00E+00
1. 00E-07 1. 00E+00 1. 00E-07 1. 00E+00 1. 00E-07 1. 00E+00 1. 00E-07 1. 00E+00
2.00E-07 1. 00E+00 2.00E-07 1. 00E+00 2.00E-07 1. 00E+00 2.00E-07 1. 00E+00
3. 00E-07 1. 00E+00 3. 00E-07 1. 00E+00 3. 00E-07 1. 00E+00 3. 00E-07 1. 00E+00
5. 00E-07 1. 00E+00 5. 00E-07 1. 00E+00 5. 00E-07 1. 00E+00 5. 00E-07 1. 00E+00
7.00E-07 1.00E+00 7.00E-07 1.00E+00 7.00E-07 1.00E+00 7.00E-07 1.00E+00
1. 00E-06 1. 00E+00 1. 00E-06 1. 00E+00 1. 00E-06 1. 00E+00 1. 00E-06 1. 00E+00
2.00E-06 1.00E+00 2.00E-06 1.00E+00 2.00E-06 1.00E+00 2.00E-06 1.00E+00
3. 00E-06 1.00E+00 3. 00E-06 1.00E+00 3. 00E-06 1.00E+00 3. 00E-06 1.00E+00
5. 00E-06 1. 00E+00 5. 00E-06 1. 00E+00 5. 00E-06 1. 00E+00 5. 00E-06 1. 00E+00
7.00E-06 1.00E+00 7.00E-06 1.00E+00 7.00E-06 1.00E+00 7.00E-06 1.00E+00
1. 00E-05 1. 00E+00 1. 00E-05 1. 00E+00 1. 00E-05 1. 00E+00 1. 00E-05 1. 00E+00
2.00E-05 1. 00E+00 2.00E-05 1.00E+00 2.00E-05 1. 00E+00 2.00E-05 1.00E+00
3. 00E-05 1. 00E+00 3. 00E-05 9.98E-01 3. 00E-05 1. 00E+00 3. 00E-05 1. 00E+00
5. 00E-05 1. 00E+00 5.00E-05 9.98E-01 5. 00E-05 1. 00E+00 5. 00E-05 1. 00E+00
7.00E-05 1.00E+00 7.00E-05 9.98E-01 7.00E-05 1.00E+00 7.00E-05 1.00E+00
1. 00E-04 1. 00E+00 1. 00E-04 9.98E-01 1. 00E-04 1. 00E+00 1. 00E-04 1. 00E+00
2.00E-04 1.00E+00 2.00E-04 9.98E-01 2.00E-04 1.00E+00 2.00E-04 1.00E+00
3.00E-04 9.98E-01 3. 00E-04 9.98E-01 3. 00E-04 1. 00E+00 3. 00E-04 1. 00E+00
5.00E-04 9.98E-01 5.00E-04 9.93E-01 5. 00E-04 1. 00E+00 5. 00E-04 1. 00E+00
7.00E-04 9.93E-01 7.00E-04 9.84E-01 7.00E-04 1.00E+00 7.00E-04 1.00E+00
1.00E-03 9.18E-01 1. 00E-03 8. 58E-01 1. 00E-03 1. 00E+00 1.00E-03 9. 74E-01
2.00E-03 6.96E-01 2.00E-03 6.52E-01 2.00E-03 9.02E-01 2.00E-03 8.35E-01
3. 00E-03 5.56E-01 3. 00E-03 4.89E-01 3. 00E-03 8.14E-01 3. 00E-03 6.65E-01
5. 00E-03 3.89E-01 5. 00E-03 3.89E-01 5. 00E-03 5.56E-01 5. 00E-03 4.99E-01
7.00E-03 3.67E-01 7.00E-03 3.63E-01 7.00E-03 4.70E-01 7.00E-03 4.31E-01
1.00E-02 3. 26E-01 1.00E-02 3. 26E-01 1.00E-02 4.09E-01 1.00E-02 3.86E-01
2.00E-02 2.63E-01 2.00E-02 2.63E-01 2.00E-02 3.65E-01 2.00E-02 2.70E-01
3.00E-02 2.10E-01 3.00E-02 1.94E-01 3.00E-02 2.01E-01 3.00E-02 1.76E-01
5.00E-02 1.19E-02 5.00E-02 1.19E-02 5. 00E-02 5.42E-04 4.64E-02 ©5.42E-04

6. 25E-02 1.14E-04 6.35E-02 1.14E-04 5.25E-02 ©5.42E-04 N. D. N. D.

N. D. N. D. N. D. N. D. N. D. N. D. N. D. N. D.

N. D. N. D. N. D. N. D. N. D. N. D. N. D. N. D.

N. D. N. D. N. D. N. D. N. D. N. D. N. D. N. D.

N. D. N. D. N. D. N. D. N. D. N. D. N. D. N. D.

N. D. N. D. N. D. N. D. N. D. N. D. N. D. N. D.

N. D. N. D. N. D. N. D. N. D. N. D. N. D. N. D.

N. D. N. D. N. D. N. D. N. D. N. D. N. D. N. D.

N. D. N. D. N. D. N. D. N. D. N. D. N. D. N. D.

N. D. N. D. N. D. N. D. N. D. N. D. N. D. N. D.

N. D. N. D. N. D. N. D. N. D. N. D. N. D. N. D.

N. D. N. D. N. D. N. D. N. D. N. D. N. D. N. D.
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SOURCE TERM 1 OF 1:
CHEM _MACCS EXAMPLE SOURCE TERM VX

RESULT NAME = PCPULATI ON VEI GHTED RI SK
CAN | NJ/ TOTAL

0-16.1 KM

12



PECPLE FRACTION = 0. 9500 0. 0500 0. 0000

OVERALL EMER RESP. # 1 EMER RESP. # 2 EMER RESP. # 3
X PROB>=X X PROB>=X X PROB>=X X PROB>=X
1. 00E-18 1. 00E+00 1. 00E-18 1. 00E+00 1. 00E-18 1. 00E+00 1. 00E-18 1. 00E+00
2.00E-18 1. 00E+00 2.00E-18 1. 00E+00 2.00E-18 1. 00E+00 2.00E-18 1. 00E+00
3. 00E-18 1. 00E+00 3. 00E-18 1. 00E+00 3. 00E-18 1. 00E+00 3. 00E-18 1. 00E+00
5. 00E-18 1. 00E+00 5. 00E-18 1. 00E+00 5. 00E-18 1. 00E+00 5. 00E-18 1. 00E+00
7.00E-18 1. 00E+00 7.00E-18 1. 00E+00 7.00E-18 1. 00E+00 7.00E-18 1. 00E+00
1. 00E-17 1. 00E+00 1. 00E-17 1. 00E+00 1.00E-17 1. 00E+00 1. 00E-17 1. 00E+00
2.00E-17 1. 00E+00 2.00E-17 1. 00E+00 2.00E-17 1. 00E+00 2.00E-17 1. 00E+00
3.00E-17 1. 00E+00 3.00E-17 1. 00E+00 3.00E-17 1. 00E+00 3.00E-17 1. 00E+00
5.00E-17 1. 00E+00 5.00E-17 1. 00E+00 5. 00E-17 1. 00E+00 5. 00E-17 1. 00E+00
7.00E-17 1. 00E+00 7.00E-17 1. 00E+00 7.00E-17 1. 00E+00 7.00E-17 1. 00E+00
1. 00E-16 1. 00E+00 1. 00E-16 1. 00E+00 1. 00E-16 1. 00E+00 1. 00E-16 1. 00E+00
2.00E-16 1. 00E+00 2.00E-16 9.59E-01 2.00E-16 1. 00E+00 2.00E-16 1. 00E+00
3.00E-16 1. 00E+00 3.00E-16 9.59E-01 3. 00E-16 1. 00E+00 3. 00E-16 1. 00E+00
5. 00E-16 1. 00E+00 5.00E-16 9.59E-01 5. 00E-16 1. 00E+00 5. 00E-16 1. 00E+00
7.00E-16 1. 00E+00 7.00E-16 9.59E-01 7.00E-16 1. 00E+00 7.00E-16 1. 00E+00
1. 00E-15 1. 00E+00 1.00E-15 9.37E-01 1. 00E-15 1. 00E+00 1. 00E-15 1. 00E+00
2.00E-15 1. 00E+00 2.00E-15 9.37E-01 2.00E-15 1. 00E+00 2.00E-15 1. 00E+00
3. 00E-15 1. 00E+00 3.00E-15 9.30E-01 3. 00E-15 1. 00E+00 3. 00E-15 1. 00E+00
5. 00E-15 1. 00E+00 5.00E-15 9.28E-01 5. 00E-15 1. 00E+00 5. 00E-15 1. 00E+00
7.00E-15 1. 00E+00 7.00E-15 9.25E-01 7.00E-15 1. 00E+00 7.00E-15 1. 00E+00
1. 00E-14 1. 00E+00 1.00E-14 9. 22E-01 1. 00E-14 1. 00E+00 1. 00E-14 1. 00E+00
2.00E-14 1. 00E+00 2.00E-14 9.18E-01 2.00E-14 1. 00E+00 2.00E-14 1. 00E+00
3. 00E-14 1. 00E+00 3.00E-14 9.18E-01 3. 00E-14 1. 00E+00 3. 00E-14 1. 00E+00
5.00E-14 9.73E-01 5.00E-14 9.08E-01 5. 00E-14 1. 00E+00 5. 00E-14 1. 00E+00
7.00E-14 9.68E-01 7.00E-14 8.89E-01 7.00E-14 1. 00E+00 7.00E-14 1. 00E+00
1.00E-13 9.44E-01 1.00E-13 8.89E-01 1. 00E-13 1. 00E+00 1. 00E-13 1. 00E+00
2.00E-13 9.00E-01 2.00E-13 8.68E-01 2.00E-13 1. 00E+00 2.00E-13 1. 00E+00
3.00E-13 7.95E-01 3.00E-13 7.83E-01 3. 00E-13 1. 00E+00 3.00E-13 9.47E-01
5.00E-13 7.60E-01 5.00E-13 7.51E-01 5.00E-13 9.24E-01 5. 00E-13 8.28E-01
7.00E-13 6.88E-01 7.00E-13 6.83E-01 7.00E-13 8.72E-01 7.00E-13 7.30E-01
1.00E-12 5.53E-01 1.00E-12 5.37E-01 1.00E-12 7.34E-01 1.00E-12 5.80E-01
2.00E-12 3.26E-01 2.00E-12 3.26E-01 2.00E-12 4.44E-01 2.00E-12 3.24E-01
3.00E-12 1.66E-01 3.00E-12 1.60E-01 3.00E-12 3.20E-01 3.00E-12 1.51E-01
5.00E-12 1.20E-01 5.00E-12 1.20E-01 5.00E-12 1.04E-01 5.00E-12 1.09E-02
7.00E-12 1.12E-01 7.00E-12 1.12E-01 7.00E-12 1.09E-02 5.88E-12 7.71E-04

1.00E-11 1.07E-01 1.00E-11 1.08E-01 9.89E-12 1. 00E-02 N. D. N. D.

1.96E-11 4. 14E-03 2.00E-11 2.59E-02 N. D. N. D. N. D. N. D.

N. D. N. D. 2.04E-11 4.14E-03 N. D. N. D. N. D. N. D.

N. D. N. D. N. D. N. D. N. D. N. D. N. D. N. D.

N. D. N. D. N. D. N. D. N. D. N. D. N. D. N. D.

N. D. N. D. N. D. N. D. N. D. N. D. N. D. N. D.

N. D. N. D. N. D. N. D. N. D. N. D. N. D. N. D.

N. D. N. D. N. D. N. D. N. D. N. D. N. D. N. D.

N. D. N. D. N. D. N. D. N. D. N. D. N. D. N. D.

N. D. N. D. N. D. N. D. N. D. N. D. N. D. N. D.

N. D. N. D. N. D. N. D. N. D. N. D. N. D. N. D.

SUCCESSFUL COWPLETI ON OF MACCS WAS ACHI EVED

TH'S JOB REQUI RED A TOTAL OF 350.918 CPU SECONDS

I NPUT PROCESSI NG REQUI RED 4.668 CPU SECONDS
SI MULATI ON REQUI RED  323. 684 CPU SECONDS
QUTPUT PROCESSI NG REQUI RED  22. 566 CPU SECONDS



E.1 CHEM MACCS | NPUT/ QUTQUT LI STI NG FOR COVMPARI SON

MACCS 07/12/95 22:04:59 CHEM MACCS VERSION 1S, F. ERIC HASKIN, 2/3/95

P1:
P2:
P3:

P4:
P5:
P6:

CHRONC USER | NPUT

(
METEOROLOGY DATA E
(

D2PC 1.1 NP
D2PC 2. | NP

DOSDATA. | NP

DOSE FACTCRS

D2PC. QUT

SI TE DATA | NP
LI ST QUTP!

S R P
N
~
=
o

9]}
uT

USER INPUT | S READ FROM UNI T 24

RECCRD | DENTI FI ER FIELDS 11 CHARACTERS LONG ARE EXPECTED.

THE FI RST 100 COLUWMNS COF EACH | NPUT RECORD ARE PROCESSED.

THE MAXI MUM NUMBER OF | DENTI FI ER RECORDS THAT MAY BE SAVED AS THE BASE CASE IS 1000.

RECCRD
NUVBER RECCRD

asrw N

10

* GENERAL DESCRI PTIVE TI TLE DESCRI BI NG TH' S "ATM3S" | NPUT

*

RI ATNAMLOO1 ' CHEM MACCS run for conparison, ATMOS | NPUT'

ok kkkkkkkkkkkkkhkk XAk kkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk*

* CGEOMETRY DATA BLOCK, LOADED BY | NPGEQ, STORED I N / GEOM
*

* NUMBER OF RADI AL SPATI AL ELEMENTS

*

GENUMRADOO1 16

*

GESPAENDOO1 0.099 0.101 0.349 0.351 0.749 0.751
GESPAENDO02 1.49 1.51 3.49 3.51 7.49 7.51
GESPAENDOO3 14.9 15,1 34.9 35.1

LR s R R T

* CHEM CAL SPECI ES DATA BLOCK, LQADED BY I NPI SO, STORED I N /1 SONAM
*
* NUMBER OF CHEM CAL SPECI ES

*

LSI\LM So001 1

: CHEM CAL SPECI ES DATA

* CHEM CAL SKI' N DEP.
: SPECI ES WETDEP  DRYDEP  VELOCI TY
| SOTPGRPO01  GA-LIQ . FALSE. . FALSE. 0.

LR S R R

* WET DEPCSI TI ON DATA BLOCK, LOADED BY | NPWET, STORED | N /WETCON
*

* WASHOUT CCEFFI CI ENT NUVBER ONE, LI NEAR FACTCR

*

WDCWASH1001 9. 5E-5 (JON HELTON AFTER JONES, 1986)

*

* WASHOUT CCEFFI CI ENT NUMBER TWO, EXPONENTI AL FACTOR

*

WDCWASH2001 0.8 (JON HELTON AFTER JONES, 1986)

LR RS SRR RS RS RS EEEE SRR R RS SRS EEEEEEE R RS EEEEEEEEEEEEEEEEEREEEEREEEEEEESE]
* DRY DEPCSI TI ON DATA BLOCK, LOADED BY | NPDRY, STORED | N / DRYCON
*

* NUMBER COF PARTI CLE SI ZE GROUPS

*

DDNPSGRPO01 1



11

12

13

14

15

16

17

18

19

20

21

*

: DEPCSI TI ON VELOCI TY OF EACH PARTI CLE SI ZE GROUP (M S)

DDVDEPCS001 0. 001

ok K Kk Kk K K Kk ok K Kk ko K R Kk R Rk R Rk R Kk R Rk R Rk Rk R Rk Rk kK R Kk K
: DI SPERSI ON PARAMETER DATA BLOCK, LQADED BY INPDI'S, STORED IN /DI SPY/, /D SPz/
:SIG\/A:AX**B WHERE A AND B VALUES ARE FROM TADMOR AND GUR (1969)

: LI NEAR TERM OF THE EXPRESSI ON FCR SI GVA-Y, 6 STABILITY CLASSES

: STABI LITY CLASS: A B C D E F

LJDCYSI GAOO1  0.2700 0.1900 0.1250 0.1268  0.1507 0. 1592

: EXPONENTI AL TERM OF THE EXPRESSI ON FOR SI GVA-Y, 6 STABILITY CLASSES

: STABI LITY CLASS: A B C D E F
?CYSI GB001 1. 0000 1. 0000 1. 0000 . 9000 . 8000 . 7000

: LI NEAR TERM OF THE EXPRESSI ON FOR SI GVA-Z, 6 STABI LI TY CLASSES

: STABI LITY CLASS: A B C D E F
?CZSI GAOO1 . 0222 . 1100 . 1189 . 0898 . 0879 .0791

: EXPONENTI AL TERM OF THE EXPRESSI ON FOR S| GVA-Z, 6 STABILITY CLASSES
: STABI LITY CLASS;, A B C D E F
?CZSI GB001 1. 400 1. 0000 . 9000 . 8500 . 8000 . 7500

* LI NEAR SCALI NG FACTCR FOR SI GVA-Y FUNCTI ON, NORVALLY 1

*

DPYSCALEOO1 1.

*

* LI NEAR SCALI NG FACTCR FOR Sl GVA-Z FUNCTI ON,

*  NORMALLY USED FOR SURFACE ROUGHNESS LENGTH CORRECTI ON.

* (Z1 /1 z0) ** 0.2, FROM CRAC2 VE HAVE (10 CM/ 3 CM ** 0.2 = 1.27
*

DPZSCALEOO1 1.

LR R SRR SR RS EEEE SRR E SRR R SRR SR RS EE R R EEEEEEEEEEEEEEREEEEEEEEEEEEEE IS
* EXPANSI ON FACTOR DATA BLOCK, LQADED BY | NPEXP, STORED | N / EXPAND/
*

* TIME BASE FOR EXPANSI ON FACTOR ( SECONDS)

*

PMTI MBASO01 600. (10 M NUTES)

*

* BREAK PO NT FOR FORMULA CHANGE ( SECONDS)

*

PMBRKPNT001 ~ 3600. (1 HOUR

*

* EXPONENTI AL EXPANSI ON FACTCR NUMBER 1

*

PMXPFACL001 0.01

*

* EXPONENTI AL EXPANSI ON FACTCR NUMBER 2

*

PMXPFAC2001 0.01

LR S s  E E E x

* PLUME Rl SE DATA BLOCK, LQADED BY I NPLRS, STORED I N / PLUVRS/



22

23

24

25

26

27

28

29

30

31

32

33

34

SCALI NG FACTOR FOR THE CRITI CAL W ND SPEED FOR ENTRAI NVENT OF A BOUYANT PLUME
(USED BY FUNCTI ON CAUGHT)

* ok ok ok

PRSCLCRW)01 1.
*

* SCALI NG FACTOR FOR THE A-D STABI LI TY PLUVE Rl SE FORMULA
* (USED BY FUNCTION PLMRIS)
*

PRSCLADPOO1 1.
*

* SCALI NG FACTOR FOR THE E-F STABILITY PLUVE Rl SE FORMULA
* (USED BY FUNCTION PLMRI S)
*

PRSCLEFPO01 1.

LR s S R

: WAKE EFFECTS DATA BLOCK, LOADED BY | NPWAK, STCRED I N /Bl LWAK/
: BUI LDI NG W DTH ( METERS)

Y\EBUI LDWO01 1. * SURRY

: BUI LDI NG HElI GHT ( METERS)

VEBUI LDHOO1 1. * SURRY

LR S S R R T

* RELEASE DATA BLOCK, LQADED BY | NPREL, STORED I N /ATNAMR/, /MJLREL/

*

RDATNAMROO1 ' CHEM MACCS GA EXAMPLE PRCBLEM SOURCE TERM

TI ME AFTER ACCI DENT | NI TI ATI ON WHEN THE ACCI DENT REACHES GENERAL EMERGENCY
CONDI TI ONS (AS DEFI NED | N NUREG 0654), OR WHEN PLANT PERSONNEL CAN RELI ABLY
PREDI CT THAT GENERAL EMERGENCY CONDI TI ONS W LL BE ATTAI NED

* ok ok F ok

BDOQLARNDOl 1300.

: NUMBER OF PLUME SEGMENTS THAT ARE RELEASED
BD\LNRELOOl 1

: SELECTI ON OF RI SK DOM NANT PLUVE

BD\/AXRI S001 1

: REFERENCE TI ME FOR DI SPERSI ON

BDQEFTI MO01 0.00

* HEAT CONTENT OF THE RELEASE SEGVENTS (
* A VALUE SPECI FI ED FOR EACH OF THE RELEASE SEGVENTS
*

RDPLHEAT001 3.35
*

* HEI GHT OF THE PLUME SEGMVENTS AT RELEASE (M
* A VALUE SPECI FI ED FOR EACH OF THE RELEASE SEGVENTS
*

RDPLH TEOO1 0.
*

* DURATION OF THE PLUVE SEGVENTS (S)
* A VALUE SPECI FI ED FOR EACH OF THE RELEASE SEGVENTS
*

RDPLUDUROO1 3600.



35

36

37

38

39

40
41

42

43

TI ME OF RELEASE FCR EACH PLUME
A VALUE SPECI FI ED FOR EACH OF THE RELEASE SEGVENTS

* ok ok ok

RDPDELAY001 0.

*

* PARTI CLE SI ZE DI STRI BUTI ON OF EACH CHEM CAL SPECI ES

* THE FRACTI ONS FOR EACH CHEM CAL SPECI ES (RON MJUST SUM TO ONE.
*

* 0.001 nmi's

*

RDPSDI STO01 1.0 *GA-LIQ

*

* I NVENTORY OF EACH CHEM CAL SPECI ES SUBJECT TO RELEASE
*

* CHEM CAL QUANTI TY

* SPECI ES RELEASED

* (k)

*

RDCCRI NVOO1 GA-LIQ 1.22

*

* SCALI NG FACTOR TO ADJUST THE | NVENTORY

*

RDCCORSCA001 1. 000
RELEASE FRACTI ONS FOR CHEM CAL SPECI ES BY PLUVE

* ok ok F ok

PLUME: GA-LIQ
RDRELFRC001 1.0
IR RS SRR SRR E RS RS SRR E SRR R RS EEEE RS R RS EEEEEEEEEEEEEEEEEEEEEEEEEEEESE]
* QUTPUT CONTRCL DATA BLOCK, LOADED BY | NPOPT, STORED I N /STOPME/, [ ATMOPT/
*
* FLAG TO I NDI CATE THAT THIS I S THE LAST PROGRAM I N THE SERI ES TO BE RUN
*
OCENDAT1001 .FALSE. (SET TH' S VALUE TO . TRUE. TO SKI P EARLY AND CHRONC)
*
OCl DEBUGDO1 O
*
* NAME OF THE CHEM CAL SPECI ES TO BE LI STED ON THE DI SPERSI ON LI STI NGS
*
*OCNUCQUT001  VX- VAP
LR RS SRR SR RS EE SRS RS E SRR R RS SRS EEEEEEEE RS EEEEEEEEEEEEEEREEEEEEEREEERESESE]
* METEOROLOG CAL SAMPLI NG DATA BLOCK
METEOROLOG CAL SAMPLI NG OPTI ON CCDE:
METCCD = 1, USER SPECI FI ED DAY AND HOUR I N THE YEAR (FROM MET FI LE),
2, WEATHER CATEGCRY BI N SAMPLI NG
, 120 HOURS OF WEATHER SPECI FI ED ON THE ATMOS USER | NPUT FI LE,

, CONSTANT MET ( BOUNDARY WEATHER USED FROM THE START),
, STRATI FI ED RANDOM SAMPLES FOR EACH DAY OF THE YEAR

abw

N I

L\/ﬂ.NEI'COJ)Ol 4 ( BOUNDARY WEATHER USED FROM THE START)
: HOUR OF DAY |INTERVAL IN WH CH ACCI DENT MJST BEG N
: HRI N1A HRI N1B

!}/ﬂ.l—RI NI TOO1 1.0 24.0

* LAST SPATI AL | NTERVAL FOR MEASURED WEATHER



*

44 MPLIMSPAOOL 8
* BOUNDARY VEATHER M XI NG LAYER HEl GHT
45 MPBNDVKHOOL 220.  (NETERS)
* BOUNDARY VEATHER STABI LI TY CLASS | NDEX
46 M2IBDSTBOOL 1 (D-STABI LI TY)
* BOUNDARY VEATHER RAIN RATE
47 MEZBNDRANOOL 0. (MM HR)
* BOUNDARY VEATHER WND SPEED
48 MPZBNDVKDOOL 2. (MS)
* START DAY I N THE YEAR FOR THE SINGLE WEATHER SEQUENCE
49 MBISTRDYOO1 157  (START TIME FOR PEAK ECONOM C CCST OF SAVPLE PROBLEM A)
* START HOUR I N THE DAY FOR THE SINGLE WEATHER SEQUENCE
50 MBI STRHROOL 10 (START TIME FOR PEAK ECONOM C COST OF SAVPLE PROBLEM A)
*xxxxx*x TERM NATOR RECCRD ENCOUNTERED -- END OF BASE CASE USER | NPUT ***** %«

USER | NPUT PROCESSI NG SUMVARY - BASE CASE

NUMBER OF RECORDS READ = 255
NUMBER OF BLANK OR COMVENT RECORDS READ = 204
NUVBER OF TERM NATOR RECORDS = 1
NUMBER OF RECORDS PROCESSED = 50

NUMBER OF PROCESSED RECORDS DUPLI CATED = 0

NUMBER OF PROCESSED RECORDS SORTED

LR R ST ]

1 RELEASED | NVENTORY CF ALL PLUMES
GA-LIQ 1. 22E+00

USER INPUT | S READ FROM UNI T 25

RECCRD | DENTI FI ER FIELDS 11 CHARACTERS LONG ARE EXPECTED.

THE FI RST 100 COLUWMNS CF EACH | NPUT RECORD ARE PROCESSED.

THE MAXI MUM NUMBER OF | DENTI FI ER RECORDS THAT MAY BE SAVED AS THE BASE CASE IS 1000.

RECCRD
NUVBER RECCRD

* GENERAL DESCRI PTIVE TI TLE DESCRI BI NG TH S "EARLY" | NPUT FI LE

*

1 MEANAMIOO1 'D2PC 2.1NP, CHEM MACCS EXAMPLE PRCBLEM GA A, EARLY | NPUT'

DI SPERSI ON MODEL OPTION CCDE: 1 * STRAIGHT LINE
2 * WND SH FT WTH ROTATI ON
3 * WND SH FT WTHOUT ROTATI ON

* ok ok k ok

2 MIPLUMEOOL 1 ( STRAI GHT LI NE PLUME)



© oo~

10

11
13

14

15
16

*

: NUMBER CF FI NE GRI D SUBDI VI SI ONS USED BY THE MODEL

!}/I NUMFI NOO1 7 (3, 5 OR 7 ALLONED)

: LEVEL OF DEBUG QUTPUT REQUI RED, NORVAL RUNS SHOULD SPECI FY ZERO
!}/I | PRINTOO1 O (TURN OFF THE DEBUG PRI NT)

* LOG CAL FLAG SI GNI FYI NG THAT THE BREAKDOWN CF RI SK BY WEATHER CATEGCRY
* BIN ARE TO BE PRESENTED TO SHOW THEI R RELATI VE CONTRI BUTI ON TO THE MEAN

RI SBI N

* ok %

M RI SCAT001 . FALSE.

*

* FLAG | NDI CATING | F W ND- ROSES FROM ATMOS ARE TO BE OVERRI DDEN

*

M OVRRI D001 .FALSE. (USE THE WND ROSE CALCULATED FOR EACH WEATHER BI N)

LR S R R E

* POPULATI ON DI STRI BUTI ON DATA BLOCK, LOADED BY | NPOPU, STORED | N / POPDAT/
*

PDPCPFLA001  UNI FORM
PDI BEG NOO1 1 (SPATI AL | NTERVAL AT WH CH PCPULATI ON BEG NS)
PDPCOPDENOO1  50. ( POPULATI ON DENSI TY ( PECPLE PER SQUARE Kl LOMVETER))

LR R R T

* DOSE DEFI NI TI ON DATA BLOCK, LOADED BY | NORGA, STORED IN / EARDIM AND / ORGNAM
*
* NUMBER OF DOSES DEFI NED FOR HEALTH EFFECTS

*
CDNUMODRQD01 3
*
* DOSE PATHWAY ~ REFERENCE OONCENTRATI CN
* NANVE FOR DOSE  SPECY EXPONENT
*
CDORGNAMDOL ' LSK3' ' SKN ACU e’ 1.0
ODORGNAMDO2 ' LSK4' ' SKN ACU T 1.0
03 'VODD 'INHLIF ey 1.0

LR A R

* SH ELDI NG AND EXPOSURE FACTCRS, LQADED BY | NDFAC, STORED | N / EADFAC/
*

THREE VALUES OF EACH PROTECTI ON FACTOR ARE SUPPLI ED,
ONE FCR EACH TYPE OF ACTIVTY:

ACTIVITY TYPE
1 - EVACUEES WH LE MOVI NG
2 - NORVAL ACTIVITY I N SHELTERI NG AND EVACUATI ON ZONE
3 - SHELTERED ACTIVITY

EPROTI NOO1 1. 1. 0.33 * VALUES FOR NORVAL ACTIVITY AND

*

*

*

*

*

*

*

*

* PROTECTI ON FACTCR FOR | NHALATI ON
*

S

* SHELTERI NG SELECTED BY NRC STAFF
*

* BREATH NG RATE AND REFERENCE BREATH NG RATE (CUBI C METERS PER SECOND)

*

SEBRRATEO01 2.66E-4 2.66E-4 2.66E-4 * BREATH NG RATE
SEBRRATE002 2.66E-4 2.66E-4 2.66E-4 * REFERENCE BREATH NG RATE
*

* SKI'N PROTECTI ON FACTOR
* VALUES FOR NORVAL ACTIVITY AND SHELTERI NG SELECTED BY NRC STAFF
*



17
18

19

20

21

22

23

24

25

26

27

28

29

30

SESKPFACD01 1.0 1. 0.33 * FOR LI QU D
SESKPFACD02 1.0 1. 0.33 * FOR VAPCR

*

* RESUSPENSI ON | NHALATI ON MODEL CONCENTRATI ON CCEFFI Cl ENT (/ METER)

*

* RESCON = 1. E-4 | S APPROPRI ATE FOR MECHANI CAL RESUSPENSI ON BY VEH CLES.

* RESHAF = 2. 11 DAYS CAUSES 1.E-4 TO DECAY IN ONE WEEK TO 1. E-5, THE VALUE
* OF RESCON USED IN THE FI RST TERM OF THE LONG TERM RESUSPENSI ON EQUATI ON
* USED | N CHRONC.

*

SERESCONOO1 1.E4 (RESUSPENSI ON | S TURNED ON)

*

* RESUSPENSI ON CONCENTRATI ON COEFFI Gl ENT HALF- LI FE ( SEC)

*

SERESHAF001 1. 82E5 (2.11 DAYS)

LR R

* EVACUATI ON ZONE DATA BLOCK, LOADED BY EVNETW STORED I N /NETWOR/, /ECPTIQ
*

* SPECI FI C DESCRI PTI ON OF THE EMERGENCY RESPONSE SCENARI O BEI NG USED

*

EZEANAMPOO1 ' NO EVACUATI ON '

*

* THE TYPE CF VEEI GHTI NG TO BE APPLI ED TO THE EMERGENCY RESPONSE SCENARI OS
* YOU MUST SUPPLY A VALUE CF 'TIME OR ' PECPLE
*

LEZV\TNANEOOl ' PECPLE

: VEI GHTI NG FRACTI ON APPLI CABLE TO TH S SCENARI O
LEZV\TFRACDOl 1.

: LAST RING I N THE MOVEMENT ZONE

EZLASMOVO01 O (A ZERO TURNS OFF THE EVACUATI ON MCDEL)

LR R R

* SHELTER AND RELCCATI ON ZONE DATA BLOCK, LOADED BY | NPEMR
* STORED I N /I NPSRZ/, | RELOCA/

*
: TIME TO TAKE SHELTER I N THE | NNER SHELTER ZONE ( SECONDS FROM QALARM)
*SRTT(BHJ.OOl 0. (THERE I'S NO | NNER SHELTER ZONE)

: SHELTER DURATION I N THE | NNER SHELTER ZONE ( SECONDS FROM TAKI NG SHELTER)
*SRSI-ELTlOOl 0. (THERE I'S NO | NNER SHELTER ZONE)

: LAST RING OF THE QUTER SHELTER ZONE

*SRLASI-EZOOl 0 (THERE I'S NO QUTER SHELTER ZONE)

: TIME TO TAKE SHELTER I N THE QUTER SHELTER ZONE ( SECONDS FROM QALARM)
*SRTT(BHZOOl 0. (THERE I'S NO QUTER SHELTER ZONE)

: SHELTER DURATION I N THE QUTER SHELTER ZONE ( SECONDS FROM TAKI NG SHELTER)
*SRSI-ELTZOOl 0. (THERE I'S NO QUTER SHELTER ZONE)

: DURATI ON OF THE EMERGENCY PHASE ( SECONDS FROM PLUME ARRI VAL)

*SREN]ENPOOl 604800. (ONE VEEK)



31

32

33

34

35

36

37
38

39

40

41

42

43

44

: CRI TI CAL DOSE FOR RELOCATI ON DECI SI ONS

*SRCRI OR®D01 ' LSK3'

: HOT SPOT RELOCATI ON TI ME ( SECONDS FROM PLUME ARRI VAL)

*SRTI MHOT001 43200. (ONE- HALF DAY)

: NCRVAL RELCCATI ON TI ME ( SECONDS FROM PLUME ARRI VAL)

*SRTI M\RMDO1 86400. (ONE DAY)

: HOT SPOT RELOCATI ON DOSE CRI TERI ON THRESHOLD ( Sl EVERTS)

*SRD(BI-DTOOl 0.5 (50 REM DOSE TO WHOLE BODY IN 1 WEEK TRI GGERS RELCCATI ON)
: NORVAL RELOCATI ON DOSE CRI TERI ON THRESHOLD

SFECSIO0L 0,045, (25 M M3:S VAP AR CONC DOBE I 3 VK TR GESFS FELCDATI Y
: EARLY FATALI TY MCDEL PARAMETERS, LQADED BY | NEFAT, STORED I N / EFATAL/

: NUMBER OF EARLY FATALI TY EFFECTS

EFMNEFAOOl 2

* ORGNAM EFFTHR

*

EFATAGRPO01 ' LSK3'
EFATAGRPO02 ' LSK4'

kK K K kK K Kk K Kk ok K R Rk R Rk R Rk R Kk Rk R Rk R Rk R Rk kK R Kk kK R Kk K
: EARLY | NJURY MODEL PARAMETERS, LOADED BY | NEINJ, STORED IN /El NJUR/

: NUMBER OF EARLY | NDURY EFFECTS

EI NUMEI NOO1 1

* El NAMVE ORGNAM El SUSC El THRE

*

EI NJUGRPOO1 ' CLP, PRL, CONVL' ' LSK3'

Kk K Kk K K Kk ok K Kk K Rk Rk R Kk Kk ok Rk R Rk Rk R Rk R Kk K K Kk K
: ACUTE EXPOSURE CANCER PARAMETERS, LOADED BY | NACAN STORED | N / ACANCR/ .

: NUMBER OF ACUTE EXPOSURE CANCER EFFECTS

’IC_CI\LNAOAOOl 1

: THRESHOLD DCOSE FCOR APPLYI NG DDREFA

’IC_CDDTI-REOOl 0.

: DOSE THRESHOLD FOR LI NEAR DOSE RESPONSE

’IC_OACTI-REOOl 0.

* ACNAVE ORGNAM  ACSUSC DCSEFA DOSEFB  CFRISK  CI R SK  DDREFA

*

LCANCERS001 ' CANCER 'VCDD 1.0 1.0 0.0 0. 1.0 2.0

LR RS SRR R SRS E SRR SRR R RS SRR EEEEEEEEEEEEEEEEEEEEEEEEEEEEEREEEEREEEEEEESE]
* RESULT 1 CPTI ONS BLOCK, LOADED BY | NQUT1, STORED I N /1 NOUT1/

* TOTAL NUMBER OF A G VEN EFFECT (LATENT CANCER EARLY DEATH, EARLY | NJURY)

*



45

46

47

48

49

50

* NUMBER OF DESI RED RESULTS COF TH S TYPE
*

TYPELINUVBER 0

*

R R L T

* RESULT 2 COPTI ONS BLOCK, LOADED BY | NQUT2, STORED I N /1 NOUT2/
FURTHEST DI STANCE AT WHICH A G VEN RI SK OF EARLY DEATH | S EXCEEDED.

NUMBER OF DESI RED RESULTS COF TH S TYPE

]

RESULT 3 OPTIONS BLOCK, LQADED BY | NOUT3, STORED I N /1 NQUT3/

*

*

*

*

TYPE2NUMBER 0
*

*

*

* NUMBER OF PEOPLE WHOSE DOSE EXCEEDS A G VEN THRESHOLD.
*

* NUMBER OF DESI RED RESULTS OF TH'S TYPE

*

TYPESNUMBER 0
*

LR S R T

* RESULT 4 OPTI ONS BLOCK, LOADED BY | NOUT4, STORED I N /1 NOUT4/
* 360 DEGREE AVERAGE RI SK OF A G VEN EFFECT AT A G VEN DI STANCE.

PCSSI BLE TYPES OF EFFECTS ARE:
" ERL FAT/ TOTAL'
"ERL I NJ/ I NJURY NAVE
' CAN FAT/ CANCER NANMVE'
' CAN FAT/ TOTAL'
NUMBER OF DESI RED RESULTS COF TH S TYPE

YPEANUMBER 0

R

RESULT 5 OPTIONS BLOCK, LQADED BY | NOUT5, STORED I N /1 NQUT5/
TOTAL POPULATI ON DOSE BETWEEN TWO DI STANCES.

NUMBER OF DESI RED RESULTS OF TH S TYPE
YPESNUMBER 0

R s R T T

RESULT 6 OPTIONS BLOCK, LQADED BY | NOUT6, STORED I N /1 NOUT6/
CENTERLI NE DOSE VERSUS DI STANCE BY PATHWAY, PATHWAY NAMES ARE AS FOLLOWS:

PATHWAY NAME:
'CLD - CLOUDSH NE
' GRD - GROUNDSHI NE
"INH ACU - "ACUTE DOSE EQUI VALENT" FROM DI RECT | NHALATI ON OF THE CLOUD
"INH LIF - "LIFETI ME DOSE COMM TMENT" FROM DI RECT | NHALATI ON OF THE CLOUD
'RES ACU - "ACUTE DOSE EQUI VALENT" FROM RESUSPENSI ON | NHALATI ON
'"RES LIF - "LIFETI ME DOSE COMM TMENT" FROM RESUSPENSI ON | NHALATI ON
'TOT ACU - "ACUTE DOSE EQUI VALENT" FROM ALL PATHWAYS
'TOT LIF - "LIFETI ME DOSE COMM TMENT" FROM ALL PATHWAYS

NUMBER OF DESI RED RESULTS COF TH S TYPE

F Ok ok R R R Ok Ok Ok Ok Ok Ok Ok Ok Ok Ok Ok k] Ok Ok Ok Ok Ok Ok Ok k] Ok Ok Ok Ok Ok Ok Ok Ok Ok Ok

TYPEGNUVBER 1



51

52

53

54

55

*

* ORGNAM PATHNM 1 1D S6 1 2Dl S6

*

TYPEG6CQUTO01 ' LSK3' ' TOT ACU 1 16 (0-50 MLES)

LR RS SRR SRR E RS S SRR SRR RS R R RS SRS R RS R RS EEEEEEEEEEEEEEEEEEEEEEEEEEESESE]
* RESULT 7 OPTI ONS BLOCK, LOADED BY | NQUT7, STORED I N /1NOUT7/

CENTERLI NE RI SK OF A G VEN EFFECT VS DI STANCE

NUMBER OF DESI RED RESULTS COF TH S TYPE

TYPE7TNUMBER 0

LR S R

* RESULT 8 CPTI ONS BLOCK, LOADED BY | NQUT8, STORED I N /1 NOUT8/
*

POPULATI ON VEI GHTED FATALI TY RI SK BETWEEN 2 DI STANCES
NUMBER OF DESI RED RESULTS OF TH S TYPE

*
*
*
*

TYPESBNUMBER 0
*

LR S R R E

* RESULT 9 CPTI ONS BLOCK, LOADED BY | NOQUT9, STORED I N /1 NOUT9/
FURTHEST DI STANCE AT WHICH A G VEN RI SK OF EARLY I NJURY | S EXCEEDED.

*

NUMBER OF DESI RED RESULTS OF TH S TYPE
YPEONUMBER 0

R L

RESULT 10 CPTI ONS BLOCK, LOADED BY | NOUTO, STORED I N /1 NOUTO/
AREA I N WH CH GROUND CONCENTRATI ON OF A G VEN AGENT EXCEEDS A G VEN THRESHOLD.

NUMBER OF DESI RED RESULTS OF TH S TYPE

* Ok kR R R k| Ok Ok F

TYPEONUMBER O

*xxxxx*x TERM NATOR RECCRD ENCOUNTERED -- END OF BASE CASE USER | NPUT ***** %

USER | NPUT PROCESSI NG SUMVARY - BASE CASE

NUMBER OF RECORDS READ = 335
NUMBER OF BLANK OR COMVENT RECORDS READ = 279
NUVBER OF TERM NATOR RECORDS = 1
NUMBER OF RECORDS PROCESSED = 55

NUMBER OF PROCESSED RECORDS DUPLI CATED = 0

NUMBER OF PROCESSED RECORDS SORTED

LR R R AT ]

NO EVACUATI ON REQUESTED

CALCULATI NG A UNI FORM PCPULATI ON DI STRI BUTI ON

READI NG FROM A DOSE CONVERSI ON FI LE W TH THE FOLLOW NG HEADER:
CHEM MACCS Fi | e DOSDATA. | NP: Changed by E. HASKI N 10APR95
Dose conversion factors for CHEM MACCS Version 1.0

1 TH S PROGRAM CURRENTLY ALLOWNS THE GENERATI ON OF UP TO 394 RESULTS



YOU HAVE REQUESTED 16 RESULTS FROM "EARLY" COWPCSED CF:

0 RESULTS CF TYPE 1
0 RESULTS CF TYPE 2
0 RESULTS CF TYPE 3
0 RESULTS CF TYPE 4
0 RESULTS CF TYPE 5
16 RESULTS OF TYPE 6
0 RESULTS CF TYPE 7
0 RESULTS CF TYPE 8
0 RESULTS CF TYPE 9
0 RESULTS CF TYPE 10
1 TRI AL DAY HOUR BIN PRBMET
1 157 10 0 1. 00E+00

1 DATE AND TI ME OF RUN
"ATMOS" DESCRI PTI ON
"EARLY" DESCRI PTI ON

MACCS 07/12/95 22:04:59 CHEM MACCS VERSION 1S, F. ERIC HASKIN, 2/3/95
CHEM MACCS run for conparison, ATMOS | NPUT
D2PC 2. I NP, CHEM MACCS EXAMPLE PROBLEM GA A, EARLY | NPUT

SOURCE TERM 1 CF 1:
CHEM MACCS GA EXAMPLE PROBLEM SOURCE TERM

RESULTS FOR A SI NGLE EMERGENCY RESPONSE COHORT W THOUT ANY WEI GHTI NG FRACTI ONS BEI NG APPLI ED
COHORT 1 = NO EVACUATI ON

07/12/95  22:04:59 PAGE 1 PRCB QUANTI LES PEAK PEAK PEAK
NON-ZERO  MEAN 50TH 90TH 95TH 99TH 99. 9TH CONS PROB TRI AL

CENTERLI NE DOSE AT SOME DI ST. S (mg-m
LSK3 TOT ACU 0-0.1 KM 1.0000 3.15E+01 NOT- FOUND NOT- FOUND NOT- FOUND NOT- FOUND NOT- FOUND 3. 15E+01 1. 00E+00 1
LSK3 TOT ACU 0.1-0.1 KM 1.0000 8.00E+00 NOT- FOUND NOT- FOUND NOT- FOUND NOT- FOUND NOT- FOUND 8. 00E+00 1. O0E+00 1
LSK3 TOT ACU 0.1-0.3 KM 1.0000 1.13E+00 NOT- FOUND NOT- FOUND NOT- FOUND NOT- FOUND NOT- FOUND 1. 13E+00 1. 00E+00 1
LSK3 TOT ACU 0.3-0.4 KM 1.0000 4.33E-01 NOT- FOUND NOT- FOUND NOT- FOUND NOT- FOUND NOT- FOUND 4. 33E-01 1. 00E+00 1
LSK3 TOT ACU 0.4-0.7 KM 1.0000 1.50E-01 NOT-FOUND NOT- FOUND NOT- FOUND NOT- FOUND NOT- FOUND 1.50E-01 1. 00E+00 1
LSK3 TOTr ACU 0.7-0.8 KM 1.0000 9.70E-02 NOT- FOUND NOT- FOUND NOT- FOUND NOT- FOUND NOT- FOUND 9. 70E-02 1. O0E+00 1
LSK3 TOT ACU 0.8-1.5 KM 1.0000 6.46E-02 NOT- FOUND NOT- FOUND NOT- FOUND NOT- FOUND NOT- FOUND 6. 46E-02 1. 00E+00 1
LSK3 TOT ACU 1.5-1.5 KM 1.0000 4.83E-02 NOT- FOUND NOT- FOUND NOT- FOUND NOT- FOUND NOT- FOUND 4. 83E-02 1. 00E+00 1
LSK3 TOT ACU 1.5-3.5 KM 1.0000 2.90E-02 NOT- FOUND NOT- FOUND NOT- FOUND NOT- FOUND NOT- FOUND 2. 90E-02 1. 00E+00 1
LSK3 TOT ACU 3.5-3.5 KM 1.0000 2.07E-02 NOT- FOUND NOT- FOUND NOT- FOUND NOT- FOUND NOT- FOUND 2. 07E-02 1. 00E+00 1
LSK3 TOT ACU 3.5-7.5 KM 1.0000 1.32E-02 NOT- FOUND NOT- FOUND NOT- FOUND NOT- FOUND NOT- FOUND 1. 32E-02 1. 00E+00 1
LSK3 TOT ACU 7.5-7.5 KM 1.0000 9.66E-03 NOT- FOUND NOT- FOUND NOT- FOUND NOT- FOUND NOT- FOUND 9. 66E-03 1. 00E+00 1
LSK3 TOT ACU 7.5-14.9 KM 1.0000 6.46E-03 NOT- FOUND NOT- FOUND NOT- FOUND NOT- FOUND NOT- FOUND 6. 46E-03 1. 00E+00 1
LSK3 TOT ACU 14.9-15.1 KM 1.0000 4.83E-03 NOT- FOUND NOT- FOUND NOT- FOUND NOT- FOUND NOT- FOUND 4. 83E-03 1. 00E+00 1
LSK3 TOT ACU 15.1-34.9 KM 1.0000 2.90E-03 NOT- FOUND NOT- FOUND NOT- FOUND NOT- FOUND NOT- FOUND 2. 90E-03 1. 00E+00 1
LSK3 TOT ACU 34.9-35.1 KM 1.0000 2.07E-03 NOT- FOUND NOT- FOUND NOT- FOUND NOT- FOUND NOT- FOUND 2. 07E-03 1. 00E+00 1

SUCCESSFUL COVPLETI ON OF MACCS WAS ACH EVED
TH'S JOB REQUI RED A TOTAL COF 2.586 CPU SECONDS

I NPUT PROCESSI NG REQUI RED 2.313 CPU SECONDS
SI MULATI ON REQUI RED 0.219 CPU SECONDS
QUTPUT PROCESSI NG REQUI RED 0. 055 CPU SECONDS



E.2 D2PC | NPUT/ QUTPUT LI STI NG FOR COVPARI SON

TYPE ? FOR DEFI NI TI ONS
1. YOUR NOVI CE LEVEL: 3,2,1 OR 0 NOV

I NPUT:
2. LOCATI ON LCC
AAD, DPG EWA, JHI , LBG NAP, PBA, PAD, RVA, UAD, EUR, NDF
I NPUT:
4. HEI GAT OF M XI NG LAYER HWL
I NPUT:
5. MUNI TION TYPE MUN
105, 155, 8I N, 500, 750, Mb5, 525, 139, M23, 4. 2, NON
I NPUT:
6. AGENT TYPE AGN

HY, UD,
CG CK, DM EG Q., DF, DC, TC,
I NPUT:
8. RELEASE TYPE REL
I'NS, EVP, SEM VAR, STK, STJ, FLS, FIR | G, EVS

D, H1, H3, HT, LL, AC,

H
PR I P, ZS, KB, NA

I NPUT:
9. STABILITY TYPE STB
ABCDEFUSW
I NPUT:
10. W NDSPEED (M SEQ) VW\D
I NPUT:

13. (M3, TQ)(MN
I NPUT: ALL OTHER | NPUT
INPUT: Di()S (ASCENDI NG
ALL OTHER | NPUT
1 MIN.NON AGNNA REL: SEM WKD= 2.0(MS) TWP= .0(C) NDF- STB: A

QM) TS(MN) HTS(M  HWM(M  SXS(M  SYS(M  SZS(M
1. 220E+06 6. 00E+01 .OQO0E+00 2. 20E+02 .00E+00 .OOE+00 .00E+00 A

103. (M IS DISTANCE TO .800E+01 (M>M N M3)
347. (M 1S DISTANCE TO . 433E+00 (MM N M'3)
715. (M 1S DISTANCE TO . 970E-01 (MM N M3)
1414. (M 1S DISTANCE TO . 483E-01 (M>M N M3)
3299. (M IS DISTANCE TO .207E-01 (MzM N M3)
7068. (M 1S DI STANCE TO .966E-02 (M>M N M3)
14137. (M IS DISTANCE TO .483E-02 (M>M N M'3)
32986. (M 1S DISTANCE TO .207E-02 (MM N M3)

ALL OTHER | NPUT
Stop - Programterm nated.



APPENDIX F
CHEM_MACCS Developmental Verification Efforts
F.1 Verification

MACCS was extensvely checked and tested during the development of the code.

Since the initid rdease of MACCS in 1990, it has been continuoudy maintained by Sandia
National Laboratories under contract with the NRC. Maintenance activities have included
documentation of code errors as reported by users, the correction of code errors, and the
updating of code features as requested by users and funded by the NRC. It has been inspected
line by line at the Idaho Nationa Engineering Laboratory at the request of the NRC.* The
results of MACCS cdculations have dso been benchmarked against European, Japanese, and
U.S. nuclear accident consequence codes and found to be in good agreement with other
established consequence codes®®*  MACCS has been used in many probabilistic risk
assessments, including the NUREG-1150 study,” and is widely used by Department of Energy
facilities for safety andysis reports.

CHEM_MACCS was developed from MACCS 1511.1. Some 58 subroutines
associated with CHRONC and with radioactive decay caculations were deleted. Five common
blocks were changed to include files smply to facilitate the code modifications. Minor changes
were made to severd routines Smply to replace common blocks by include files. Section F.4
provides a list of dl MACCS and CHEM_MACCS subroutines and indicates the changes
made to devedlop CHEM_MACCS from MACCS 1.5.

In the process of deveoping CHEM_MACCS from MACCS 15111, severd
verification strategies were used to ensure compliance with the functiona requirements in the
software development plan. Firgt, the development process was undertaken in stages with an
example problem used at the end of each stage to verify that the coding tasks had been
completed successfully. The test problem used for a particular stage varied according to the
tasks undertaken, but the focus was on maintaining a working interim version of the code at al
times. In thisway, one could dways go back to the working version from the previous stage if
aparticular coding effort became too difficult to debug.

To illustrate, one of the first stages undertaken was to strip out those subroutines that
were required only for the CHRONC module of MACCS 15.11.1, since the CHRONC
module was not to be a pat of CHEM_MACCS. For this purpose, the test problems
distributed with the MACCS User's Guide were run on MACCS 1.5.11.1 without CHRONC
(EARLY input ENDAT2 st to .TRUE.). The runs were repeated after the CHRONC
subroutines were deleted and the results of the before and after runs were compared to verify
that the output results were identical.

In the next stages of development, the focus was on getting CHEM_MACCS to
caculate doses and hedth effects associated with chemicd pathways. For these stages
MACCS 1.5.11.1 was basicdly tricked into caculating chemica doses for a smple example
problem by developing an appropriate DOSDATAL.INP file and setting the skin and inhadation
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protection factors to appropriate values. Doses caculated by CHEM_MACCS at each stage
of its development could then be compared with doses caculated by MACCS 15.11.1. A
DOSDATA.INPfile that was developed for this purposeisincluded in Section F.5.

At the same time, to verify correct implementation of probit equations into
CHEM_MACCS, the probit equations were gpproximated by the exponentiad hazard curve
form required by MACCS 1.5.11.1 smply by matching the 5th and 50th percentiles. In
conjunction with the user-defined DOSDATA.INP file, this permitted MACCS 15.11.1 to
perform gpproximate chemica hedth effect caculations. Comparisons between MACCS
15.11.1 and CHEM_MACCS hedlth effects predictions could then be made. The two codes
did not (and were not expected to) give identica results; however, results usually agreed to 1-2
ggnificant digits.

In developing the output option for land contamination, an analogous approach was
taken. Fird, the existing EARLY output option 3, which gives the population exceeding a
dose threshold, was exercised with a population density of one person per square kilometer.
Then, in developing a new output option, abasis for comparison was maintained.

Findly, in January of 1995, when draft documentation and a test verson of
CHEM_MACCS had been digtributed, a line-by-line check of al coding used to implement
CHEM_MACCS modds was undertaken. A few minor changes were made to the released
verson of CHEM_MACCS as aresult of this line-by-line ingpection.

F.2 Validation

Validation is concerned with whether a properly coded and functioning code fulfills its
required specifications. Vaidation activities often include a comparison of code predictions
with experimental results  No experiments are avalable againg which to compare
CHEM_MACCS predictions. This s fortunate because such experiments or accidents would
have had to result in injuries or fatalities in order to have a bass for the most relevant
comparisons.

Vadidation activities may aso include running test problems provided with acquired
codes and comparing the results with corresponding output files aready provided. In this
sense, the reaults of test calculations with CHEM_MACCS and comparisons with results
obtained from another (SACRUNCH) modd are relevant to the CHEM_MACCS vdidation.

Comparisons between CHEM_MACCS and SACRUNCH are documented in SAF-
452-95-0022, which compares results of both codes for the vapor inhdation pathway given as
10,000-kg VX-Vap rdease’® In this case, acute lethdlity is the only consequence of concern.
SAF-452-95-0022 demongirates that air concentrations and early fatdities caculated by
SACRUNCH and CHEM_MACCS are cong stent with one another.

To check the other pathways, the following approach was taken. The input deck in

Sections F.6 and F.7 was developed to characterize a single-plume-segment release of 1,000 kg
of VX-VAP and 1,000 kg of VX-LIQ. CHEM_MACCS was run with the ATMOS input
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IDEBUG=1 to obtain the centerline air and ground concentrations required in each of the
pathway dose equations. Separate runs were required usng VX-VAP then VX-LIQ as the
reference species. No evacuation or sheltering was modeled. Three EARLY input TYPE6
outputs were set to VIN1IVX, VSK2V X, and LSK3V X to print the corresponding ground-
level plume centerline doses.

The dose associated with the plume vapor inhalation pathway is found by
Equation (3.3). Asindicated in theinput deck, SFI = 0.41, BR = BRacy = 2.66 E-04 m’/s, and
n = 1. RESCON was st to 0 to shut off the resuspension pathway. In the DOSDATA.INP
file for dose VINIVX and species VX-VAP, W = 1. For the modeled Sationary individua,
the exposure time TE is equal to the plume passage time TO. The doses were evaluated on the
centerling, J= 1. Asindicated in Table F-1, the plume-vapor inhaation doses caculated by
CHEM_MACCS agree exactly with hand-caculated plume-vapor inhalation doses.

TableF-1 - CHEM_MACCS versus Hand-Cal culated Plume Vapor Inhdation Doses

Downwind AC CHEM_MACCS Hand-Calculated
Digtance (km) (kg-s’m3) VIN1VX VIN1VX
0.34 4.72 E-02 3.22 E+02 3.22 E+02
141 8.77 E-03 5.99 E+01 5.99 E+01
443 1.74 E-03 1.19E+01 1.19E+01
137 3.17E-04 2.17 E+00 2.17 E+00

The CHEM_MACCS-cdculated dose associated with the plume skin-vapor inhaation
pathway is given by Equation (3.4). Noting from the EARLY input that on the protection
factor SFVS = 0.41 for vapor-skin contact, CHEM_MACCS-cdculated plume-vapor skin
doses agree exactly with hand-cd culated plume-vapor inhaation doses as shown in Table F-2.
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TableF-2 - CHEM_MACCS versus Hand-Calculated Plume Vapor Skin Doses

Downwind AC CHEM_MACCSDose Calculated Dose
Digance (km) |  (kg-gm®)
0.34 472 E-02 3.22 E+02 3.22 E+02
141 8.77 E-03 5.99 E+01 5.99 E+01
443 1.74 E-03 1.19 E+01 1.19E+01
13.7 3.17E-04 2.17 E+00 2.17 E+00

The CHEM_MACCS-cdculated dose associated with the liquid skin-vapor inhaation
pathway is given by Equation (3.5). Noting from the EARLY input that on the protection
factor SFLS = 0.41 for liquid-skin contact while the skin depostion veocity is SDV; = 0.01,
the CHEM_MACCS-cdculated plume liquid-skin doses agree exactly with hand-caculated
plume-vapor inha ation doses as shown in Table F-3.

Table -3 - CHEM MACCS versus Hand-Cal culated Plume Liquid-Skin Doses

Downwind AC CHEM_MACCSDose Calculated Dose
Digance (km) |  (kg-gm®)
0.34 4.64 E-02 3.42 E+02 3.42 E+02
141 8.31 E-03 6.14 E+01 6.13 E+01
443 1.56 E-03 115 E+01 1.15E+01
13.7 259 E-04 1.91 E+00 1.91 E+00

To evauate the effects of resuspension, the resuspension coefficient RESCON was
arbitrarily set equal to 1.0 in the EARLY input. At this levd the inhaation dose associated
with resuspension far exceeds that associated with plume passage. The time a which the
person enters into the spatia interval, ty, is zero because the person is assumed to be in the
interva a the time of plume arriva. The time a which the person leaves the spatid interva
after plume departure, t,, is 7 days because this is the upper limit for EARLY effects. The 7-
day limit is used because there is no evacuation or sheltering modeled with these trids. To
obtain the initid ground-level concentration, GC;, the variable NUCOUT was set to VX-VAP
for one run and was set to VX-LIQ for another run. Then the two values for the ground-level
concentration were summed for a given distance. The reason for thisis that the total ground-
level concentration is the sum of the ground-level concentrations for both the vapor and liquid
concentrations, because both contribute to the total concentration found at ground level at the
initid time.

The resuspended vapor inhdation dose cdculated in CHEM_MACCS is given by
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Equation (3.7). Again, the doses were calculated on the centerlineso J=1. In the input deck,
SFI =0.41, BR = BRacy = 2.66 E-04 m’/s, and n = 1. The resuspension decay congtant, | g, is
caculated from the resuspension coefficient haf-life, RESHAF. The calculated vaue used was
3.81E-06s"

As indicated in Table -4, CHEM_MACCS cdculated resuspended plume-vapor

inhalation doses are in agreement with hand-caculated resuspended plume-vapor inhadation
doses.

Table F-4 CHEM MACCS versus Hand-Cal culated Resuspended Plume Vapor

Downwind GG CHEM_MACCS Hand-Cdculated
Distance (km) (kg/m?) VINIVX VINIVX
0.34 511 E-04 8.25 E+05 8.25 E+05
141 9.19 E-05 1.48 E+05 1.48 E+05
443 1.73 E-05 2.79 E+04 2.80 E+04
13.7 291 E-06 4.70 E+03 4.69 E+03

The resuspended vapor-skin dose caculated in CHEM_MACCS is found by Equation

(3.8). Following the same computationa scheme described above for the resuspended vapor
inhaation dose, Table F-5 shows that the CHEM_MACCS caculated resuspended plume-
vapor skin doses agree with hand-cal cul ated resuspended plume-vapor skin doses.

Table F-5 CHEM_MACCS versus Hand-Cal culated Resuspended Plume Vapor

Skin Doses
Downwind GG CHEM_MACCS Hand-Calculated
Distance (km) (kg/m?) VIN2VX VIN2VX
0.34 5.11 E-04 8.25 E+05 8.25 E+05
1.41 9.19 E-05 1.48 E+05 1.48 E+05
4.43 1.73 E-05 2.79 E+04 2.80 E+04
13.7 2.91 E-06 4.70 E+03 4.69 E+03
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To confirm the results produced by CHEM_MACCS for the continuous daily dose for
the plume inhaation pathway, it was necessary to cdculate the results by hand using
Equation (3.9). The vauesfor each of the variables are the same as those found for the plume
vapor inhaation pathway calculations. However, an error in the code was detected. The
answers generated by CHEM_MACCS were a factor of 60 below those caculated by hand.
The error was traced to the variable UCFID in the routine EDOSIN.FOR and corrected. After
the correction was made, the results generated by the code agreed with the hand calculations as
shown in Table F-6.

Table F-6 - CHEM_MACCS versus Hand-Cal culated Continuous Daily Dose for
Plume Vapor Inhaation Doses

Downwind AC CHEM_MACCS Hand-Calculated
Digance (km) |  (kg-gm®) VCCDVX VCCDVX
0.34 472 E-02 2.87 E-06 2.87 E-06
1.41 8.77 E-03 5.35 E-07 5.35 E-07
4.43 1.74 E-03 1.06 E-07 1.06 E-07
13.7 317E-04 1.39 E-08 1.39 E-08

The cdculations for the continuous daily dose for resuspended vapor inhaation were
aso verified. Equation (3.10) is used to calculated this. Again, the variables are the same as
those used for the previous calculations for a resuspended vapor where GG is the sum of the
ground-level concentrations for both of the liquid and vapor concentrations. After setting the
TYPE6G output organ name to VCCDVX and its associated pathway to TOT LIF, the
CHEM_MACCS-generated values matched those calculated by hand asindicated in Table F-7.

Table F-7 - CHEM_MACCS versus Hand-Cal culated Continuous Daily Dose for
Resuspended Vapor Inhalation Doses

Downwind ACY CHEM_MACCS Hand-Calculated
Digance (km) |  (kg-gm®) VCCDVX VCCDVX
0.34 472 E-02 2.87 E-06 2.87 E-06
1.41 8.77 E-03 5.35 E-07 5.35 E-07
4.43 1.74 E-03 1.06 E-07 1.06 E-07
13.7 317E-04 1.39 E-08 1.39 E-08

F.3 Conclusions

F-6




Based on the extensive, well-documented checking and testing done during the
development of MACCS 15.11.1, the fact that CHEM_MACCS is based on MACCS
1.5.11.1, with changes being carefully verified as discussed in Section F.2, and the favorable
code-comparisons discussed in Section 6, it is concluded the CHEM _MACCS code adequatdly
meets the requirements in its software development plan.
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F.4 Subroutine Changes from MACCS 1.5 to CHEM_MACCS

OCO~NOUITRWNPEF

F-8

Subroutine Bytes Dat e Time Change
BLDTBL FOR 1590 12-15-94 3:19p Del et ed
CASCGET FOR 7177 12-15-94 3:19p Del eted
CHRINP FOR 4144 12-15-94 3:19p Del eted
CHRNDF FOR 12634 12-15-94 3:19p Del eted
CHRQUT FOR 1772 12-15-94 3:19p Del eted
CKI NDX FOR 1551 12-15-94 3:19p Del eted
COPCHR FOR 6846 12-15-94 3:19p Del eted
CRNRSK FOR 3321 12-15-94 3:19p Del eted
CSTDCN FOR 8306 12-15-94 3:19p Del eted
CSTEFF FOR 11953 12-15-94 3:19p Del eted
CXPTBL FOR 1216 12-15-94 3:19p Del eted
DECAY FOR 1846 12-15-94 3:20p Del eted
DI RDEP FOR 6910 12-15-94 3:20p Del eted
DOSGET FOR 5602 12-15-94 3:20p Del eted
ECCGET FOR 10888 12-15-94 3:20p Del et ed
EMRGPH FOR 5587 12-15-94 3:20p Del et ed
EXCI NP FOR 9547 12-15-94 3:20p Del et ed
GETIMP FOR 7996 12-15-94 3:20p Del eted
G\DRES FOR 5131 12-15-94 3:20p Del eted
HEDCHR FOR 6372 12-15-94 3:20p Del et ed
| NCHRN FOR 19942 12-15-94 3:20p Del eted
INITLZ FOR 7724 12-15-94 3:21p Del eted
| NPCHR FOR 2155 12-15-94 3:21p Del eted
I NTRPH FOR 4912 12-15-94 3:21p Del eted
| XOT10 FOR 3314 12-15-94 3:21p Del eted
| XOT11 FOR 2128 12-15-94 3:21p Del eted
| XOT12 FOR 2942 12-15-94 3:21p Del eted
| XOT9 FOR 3855 12-15-94 3:21p Del eted
LNGTPH FOR 807 12-15-94 3:22p Del eted
LOKSEE FOR 11942 12-15-94 3:22p Del eted
LTACUM FOR 18367 12-15-94 3:22p Del eted
LTMACT FOR 8954 12-15-94 3:22p Del eted
LTPRQJ FOR 8874 12-15-94 3:22p Del eted
MXTCH FOR 803 12-15-94 3:22p Del eted
OPNERL FOR 8690 12-15-94 3:22p Del eted
OXPT10 FOR 6598 12-15-94 3:22p Del eted
OXPT11 FOR 7264 12-15-94 3:22p Del eted
OXPT12 FOR 6870 12-15-94 3:22p Del eted
OXTPT1 FOR 7691 12-15-94 3:22p Del eted
OXTPT4 FOR 5058 12-15-94 3:22p Del eted
OXTPT5 FOR 9644 12-15-94 3:24p Del eted
OXTPT6 FOR 4168 12-15-94 3:23p Del eted
OXTPT7 FOR 5484 12-15-94 3:23p Del eted
OXTPT8 FOR 8502 12-15-94 3:23p Del eted
OXTPT9 FOR 6690 12-15-94 3:23p Del eted
RDI STB FOR 8018 12-15-94 3:23p Del eted
RXNMLO FOR 2533 12-15-94 3:23p Del eted
RXNML1 FOR 1477 12-15-94 3:23p Del eted
RXNML2 FOR 1829 12-15-94 3:23p Del eted
RXSNWB FOR 2250 12-15-94 3:23p Del eted
SDFI NP FOR 12208 12-15-94 3:23p Del eted
SGCPLN FOR 4593 12-15-94 3:23p Del eted
STGRDA FOR 4342 12-15-94 3:23p Del eted
STOCHR FOR 2579 12-15-94 3:23p Del eted
STPATH FOR 26608 12-15-94 3:23p Del eted
TRFRCT FOR 6013 12-15-94 3:23p Del eted
WECPLN FOR 6958 12-15-94 3:23p Del eted
WRTRF FOR 3359 12-15-94 3:24p Del eted
EDCI NP FOR 10645 01-16-95 4: 34p Significant changes
EDCSIN FOR 9911 01-16-95 3:13p Significant changes



EPCALC FOR
FATRI' S FOR
HEDEAR FOR
I NJRI'S FOR
I NORGA FOR
I NPI SO FOR
RESNMB FOR
CHEMACCFOR
ATMOUT
CONTRL
EARI NP
I NOUT3
I NOUT6
| NPREL
I NPUT
MACCS
QUTCON
STOEAR
ERF
GAMMLN

G\BI N1

10673
7595
9904
8086
4408
7207
2319

24286

30218
7030
5516
5458
6872

11121
6108

24239
1043
2789

560
1423
1036
1841
1452
4827
4755
5842
2806
1476
1496
6159
1553
1866

629
1823
2088
5166
8211
1676
2919
5575
2625

913

962
1795
2259

756
1497
4786
2699
9322
3997
7730
9890

527

519

10047
7307
3102
2946

648
1444
1303
1680

01-28-95
01-05-95
01-16-95
01-01-95
01-04-95
01-07-95
01-06-95
01-17-95
12-21-94
12-20-94
01-13-95
01-16-95
01-16-95
12-21-94
12-20-94
12-18-94
12-21-94
01-09-95
10- 26-94
10- 26-94
10- 26-94
10- 26-94
10- 26-94
01-16-95
01-16-95
01-16-95
01-13-95
01-16-95
01-16-95
01-02-95
12-15-94
12-15-94
12-15-94
12-15-94
12-15-94
12-15-94
01-01-95
12-15-94
01-02-95
12-15-94
12-15-94
12-15-94
12-15-94
12-15-94
12-15-94
12-15-94
12-15-94
12-15-94
12-15-94
01-01-95
12-15-94
01-01-95
01-02-95
12-15-94
12-15-94
01-01-95
12-15-94
12-15-94
12-15-94
12-15-94
12-15-94
12-15-94
12-15-94

3:33p Significant
9: 00p Significant
12: 28pSi gni fi cant
11: 32aSi gni fi cant
2:25p Significant
8:33a Significant
4:36p Significant
changes from MACCS. FOR
changes
changes
changes
changes
changes
changes
changes

9: 25a M nor
12: 14pM nor
7:09p M nor
3:23p M nor
4:32p M nor
4:32p M nor
12: 17pM nor
7:08p M nor

4: 52p

10: 14aM nor

:33p
:51p
:51p
:52p
:52p
:52p
:37p
1 22p
:33p
: 36p
:35p
: 36p
1 49p
:19p
:19p
:19p
:19p
:19p
:19p

:19p
:38p
:19p
:19p
:19p
:19p
:19p
:20p
:20p
:20p
:20p

:20p

WWWWWWWWWWRAWRPWWWWWWANNUNUUNNNNNNW

M nor

M nor
New
New
New
New
New
New
New
New
New
New
New
Unchanged
Unchanged
Unchanged
Unchanged
Unchanged
Unchanged
Unchanged

1: 35aUnchanged

Unchanged
Unchanged
Unchanged
Unchanged
Unchanged
Unchanged
Unchanged
Unchanged
Unchanged
Unchanged
Unchanged
Unchanged

12: 32pUnchanged

3: 20p

Unchanged

12: 05pUnchanged

4: 40p
3: 20p
3: 20p

Unchanged
Unchanged
Unchanged

12: 05pUnchanged

:20p
:20p
:20p
:20p
:20p
:20p
:20p

WWWwWwwww

Unchanged
Unchanged
Unchanged
Unchanged
Unchanged
Unchanged
Unchanged

changes
changes
changes

changes
changes
changes
changes
changes
changes
changes

to CHEMACCS. FOR
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124 GNBIN2 FOR 3395 12-15-94
125 |GET1 FOR 6005 12-15-94
126 |GETN FOR 2781 12-15-94
127 1 LOGLO FOR 251 12-15-94
128 | MDI GI' FOR 799 12-15-94
129 | MLGCL FOR 420 12-15-94
130 | MNTGR FOR 648 12-15-94
131 I MREAL FOR 3323 12-15-94
132 I NACAN FOR 6311 12-15-94
133 INCREM FOR 5335 01-02-95
134 | NDFAC FOR 3285 01-01-95
135 | NEFAT FOR 3999 12-18-94
136 INEINJ FOR 4774 12-18-94
137 INEVAC FOR 7547 12-15-94
138 INM SC FOR 5938 12-15-94
139 INQUT1 FOR 7856 12-15-94
140 INQUT2 FOR 2394 12-15-94
141 INQUT4 FOR 6943 12-15-94
142 I NQUT5 FOR 4556 12-15-94
143 INQUT7 FOR 8070 12-15-94
144 INQUT8 FOR 7861 12-15-94
145 I NPBEG FOR 11022 12-15-94
146 INPDIS FOR 2792 12-15-94
147 INPDRY FOR 1771 12-15-94
148 I NPEMR FOR 6681 12-15-94
149 INPEND FOR 2529 12-15-94
150 INPEXP FOR 2140 12-15-94
151 INPGEO FOR 2763 12-15-94
152 INPLRS FOR 2125 12-15-94
153 INPML FOR 2398 12-15-94
154 INPM  FOR 2615 12-15-94
155 INPMB  FOR 1357 12-15-94
156 INPMA  FOR 8924 12-15-94
157 INPMb6  FOR 2907 12-15-94
158 INPMET FOR 2761 12-15-94
159 INPOPT FOR 3204 12-15-94
160 INPOPU FOR 7926 12-15-94
161 I NPWAK FOR 1829 12-15-94
162 | NPWET FOR 1547 12-15-94
163 LGET1 FOR 5353 12-15-94
164 LGETN FOR 2428 12-15-94
165 MATCH FOR 729 12-15-94
166 MXXCLK FOR 2677 12-15-94
167 MXXCPU FOR 1937 12-15-94
168 MXXDAT FOR 3223 12-15-94
169 MXXOPN FOR 2477 12-15-94
170 NOTFQU FOR 487 12-15-94
171 OPNFIL FOR 912 12-15-94
172 QUTPT1 FOR 7113 12-15-94
173 QUTPT2 FOR 4106 12-15-94
174 QUTPT3 FOR 8988 12-15-94
175 QUTPT4 FOR 6008 12-15-94
176 QUTPTS5 FOR 6649 12-15-94
177 QUTPT6 FOR 5515 01-01-95
178 QUTPT7 FOR 6309 12-15-94
179 QUTPT8 FOR 7025 12-15-94
180 QUTPUT FOR 1860 12-15-94
181 PLMRIS FOR 4502 12-15-94
182 POL2 FOR 1691 12-15-94
183 PRINT FOR 15522 12-15-94
184 PUTSTG FOR 4345 12-15-94
185 PUTSTM FOR 3626 12-15-94
186 QUANTL FOR 3072 12-15-94

: 20p Unchanged
: 20p Unchanged
: 20p Unchanged
: 20p Unchanged
: 20p Unchanged
: 20p Unchanged
: 20p Unchanged
: 20p Unchanged
:20p Unchanged

:51p Unchanged
1: 51aUnchanged
: 35p Unchanged
: 39p Unchanged
:21p Unchanged
:21p Unchanged
:21p Unchanged
:21p Unchanged
:21p Unchanged
:21p Unchanged
:21p Unchanged
:21p Unchanged
:21p Unchanged
:21p Unchanged
:21p Unchanged
:21p Unchanged
:21p Unchanged
:21p Unchanged
:21p Unchanged
:21p Unchanged
:21p Unchanged
:21p Unchanged
:21p Unchanged
:21p Unchanged
:21p Unchanged
:21p Unchanged
:21p Unchanged
:21p Unchanged
:21p Unchanged
:21p Unchanged
:22p Unchanged
:22p Unchanged
:22p Unchanged
:22p Unchanged
:22p Unchanged
:22p Unchanged
:22p Unchanged
:22p Unchanged
:22p Unchanged
:22p Unchanged
:22p Unchanged
:22p Unchanged
:22p Unchanged

:22p Unchanged
1: 29aUnchanged
:22p Unchanged
:22p Unchanged
:22p Unchanged
: 23p Unchanged
: 23p Unchanged
: 23p Unchanged
: 23p Unchanged
: 23p Unchanged
: 23p Unchanged

WWWWWWWWWRPWWWWWWwWwWWwWwWWwWWwWwWwWwWWwWwWwWwWWwWwWwWwWWwWwWwWwWWwWwWwWwWWwWwhArRARP,AWWWWWWWWW
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187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219

RANDOM FOR
RANSAM FOR
RDSTRG FOR
READ1 FOR
READ2 FOR
REDSTG FOR
RELZON FOR
RESNML FOR
RESNV2 FOR
RESNWH FOR
RESNVbE FOR
RESNMV6 FOR
RESNMZ FOR
RESNMB FOR
RCET1 FOR
RCETN FOR
SEARCH FOR
SI GTEX FOR
SALID FOR
SORT FOR
USRSUP FOR
VELADJ FOR
WASHQU FOR
WBNDRY FOR
WBNMVET FOR
WGTMET FOR
W NCTM FOR
VWADRZB FOR
VRANBN FOR
VWRDVET FOR
VWRI T80 FOR
WSAMPL FOR
ZERREM FOR

2489
4003
6199
5786
6576
564
7714
1717
1147
1528
1649
1630
1342
1601
5997
2787
2033
435
579
1469
1912
997
537
2090
13285
3235
497
2861
1544
4726
2330
1551
1269

12-15-94
12-15-94
12-15-94
12-15-94
12-15-94
12-15-94
01-01-95
12-15-94
12-15-94
12-15-94
12-15-94
01-03-95
12-15-94
12-15-94
12-15-94
12-15-94
12-15-94
12-15-94
12-15-94
12-15-94
12-15-94
12-15-94
12-15-94
12-15-94
12-15-94
12-15-94
12-15-94
12-15-94
12-15-94
12-15-94
12-15-94
12-15-94
12-15-94

: 23p Unchanged
: 23p Unchanged
: 23p Unchanged
: 23p Unchanged
:23p Unchanged

: 23p Unchanged
2: O4pUnchanged

: 23p Unchanged
:23p Unchanged
: 23p Unchanged
: 23p Unchanged
: 30p Unchanged
: 23p Unchanged
: 23p Unchanged
: 23p Unchanged
: 23p Unchanged
: 23p Unchanged
: 23p Unchanged
: 23p Unchanged
: 23p Unchanged
: 23p Unchanged
: 23p Unchanged
: 23p Unchanged
: 23p Unchanged
: 23p Unchanged
: 23p Unchanged
: 23p Unchanged
: 23p Unchanged
: 24p Unchanged
: 24p Unchanged
: 24p Unchanged
: 24p Unchanged
: 24p Unchanged

WWWWWWWWWWWWwWWwWwWwWwWWwWwWwhA,WWWWRPWWWWWW
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F.5 DOSDATA.INP File Used for Developmental Verification

MACCS File DOSDATA.INP: Changed by E. HASKIN18-JAN-94, 13:00:00
VX dose conversion factors for CHEM MACCS Version 1.0.2

3 DOSES (ORGANS) DEFINED IN THIS FILE:
DE SKN VXL
IM SKN VXV
IN CDD VXV

2 CHEMICALS (NUCLIDES) DEFINED IN THIS FILE:
VX-LIQ
VX-VAP

CLOUDSHINE GROUND GROUND GROUND INHALED INHALED

SHINE 8HR SHINE 7DAY SHINE RATE ACUTE CHRONIC INGESTION

VX-LIQ
DE SKN VXL 0.00E+00 0.00E+00 0.00E+00 0.00E+00 6.767E+09 0.000E+00 0.00E+00
IM SKN VXV 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.000E-00 0.000E+00 0.00E+00
IN CDD VXV 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.000E-00 0.000E+00 0.00E+00
VX-VAP
DE SKN VXL 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.000E-00 0.000E+00 0.00E+00
IM SKN VXV 0.00E+00 0.00E+00 0.00E+00 0.00E+00 6.250E+07 0.000E+00 0.00E+00
IN CDD VXV 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.000E+00 0.559E+00 0.00E+00
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F.6 ATMOS Input File

* GENERAL DESCRIPTIVE TITLE DESCRIBING THIS "ATMOS" INPUT

*

RIATNAM1001 'VX_C_1.INP, CHEM_MACCS EXAMPLE PROBLEM VX_C, ATMOS INPUT'

* GEOMETRY DATA BLOCK, LOADED BY INPGEO, STORED IN /GEOM/

*

*NUMBER OF RADIAL SPATIAL ELEMENTS

*

GENUMRADO001 26

*

GESPAENDOO1 .16 .52 121 161 213
GESPAEND002 322 4.02 483 563 8.05
GESPAENDO03 11.27 16.09 2092 2575 32.19
GESPAEND004 40.23 4828 64.37 80.47 112.65
GESPAENDOQ05 160.93 241.14 321.87 563.27 804.67
GESPAENDO006 1609.34

* CHEMICAL SPECIES DATA BLOCK, LOADED BY INPISO, STORED IN /ISONAM/

*

*NUMBER OF CHEMICAL SPECIES

*

ISNUMISO001 2

*

* CHEMICAL SPECIES DATA

*

* CHEMICAL SKIN DEP.

* SPECIES WETDEP DRYDEP VELOCITY
*

ISOTPGRP0O01 VX-LIQ .TRUE. .TRUE. 0.01
ISOTPGRP002 VX-VAP . TRUE. .TRUE. 0.00

* WET DEPOSITION DATA BLOCK, LOADED BY INPWET, STORED IN /WETCON/

*

*WASHOUT COEFFICIENT NUMBER ONE, LINEAR FACTOR

*

WDCWASH1001 9.5E-5 (JON HELTON AFTER JONES, 1986)

*

*WASHOUT COEFFICIENT NUMBER TWO, EXPONENTIAL FACTOR

*

WDCWASH2001 0.8  (JON HELTON AFTER JONES, 1986)

* DRY DEPOSITION DATA BLOCK, LOADED BY INPDRY, STORED IN /DRYCON/

*

*NUMBER OF PARTICLE SIZE GROUPS

*

DDNPSGRP001 2

*

* DEPOSITION VELOCITY OF EACH PARTICLE SIZE GROUP (M/S)

*

DDVDEPOS001 0.001 0.01

* DISPERSION PARAMETER DATA BLOCK, LOADED BY INPDIS, STORED IN /DISPY/, IDISPZ/

*

*SIGMA=A X **B WHERE A AND B VALUES ARE FROM TADMOR AND GUR (1969)

*

* LINEAR TERM OF THE EXPRESSION FOR SIGMA-Y, 6 STABILITY CLASSES

*

*STABILITY CLASS: A B C D E F

*
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DPCYSIGA001 0.3658 0.2751 0.2089 0.1474 0.1046 0.0722

*

* EXPONENTIAL TERM OF THE EXPRESSION FOR SIGMA-Y, 6 STABILITY CLASSES

*

*STABILITY CLASS: A B C D E F

*

DPCYSIGB001 .9031 .9031 .9031 .9031 .9031 .9031

*

* LINEAR TERM OF THE EXPRESSION FOR SIGMA-Z, 6 STABILITY CLASSES

*

*STABILITY CLASS: A B C D E F

*

DPCZSIGA001 25E-4 19E3 2 3 4 2

*

* EXPONENTIAL TERM OF THE EXPRESSION FOR SIGMA-Z, 6 STABILITY CLASSES

*

*STABILITY CLASS; A B C D E F

*

DPCZSIGB001 2.125 1.6021 .8543 .6532 .6021 .6020

*

* LINEAR SCALING FACTOR FOR SIGMA-Y FUNCTION, NORMALLY 1

*

DPYSCALEOO1 1.

*

* LINEAR SCALING FACTOR FOR SIGMA-Z FUNCTION,

* NORMALLY USED FOR SURFACE ROUGHNESS LENGTH CORRECTION.
* (Z1/20)** 0.2, FROM CRAC2 WE HAVE (10 CM/3 CM)**0.2=1.27

*

DPZSCALEOO01 1.27

*

* EXPANSION FACTOR DATA BLOCK, LOADED BY INPEXP, STORED IN /EXPAND/

*

* TIME BASE FOR EXPANSION FACTOR (SECONDS)

*

PMTIMBAS001 600. (10 MINUTES)

*

* BREAK POINT FOR FORMULA CHANGE (SECONDS)

*

PMBRKPNTO001 3600. (1HOUR)

*

* EXPONENTIAL EXPANSION FACTOR NUMBER 1

*

PMXPFAC1001 0.2

*

* EXPONENTIAL EXPANSION FACTOR NUMBER 2

*

PMXPFAC2001  0.25

* PLUME RISE DATA BLOCK, LOADED BY INPLRS, STORED IN /PLUMRS/

*

* SCALING FACTOR FOR THE CRITICAL WIND SPEED FOR ENTRAINMENT OF A BOUYANT PLUME
* (USED BY FUNCTION CAUGHT)

*

PRSCLCRWO001 1.

*

* SCALING FACTOR FOR THE A-D STABILITY PLUME RISE FORMULA
* (USED BY FUNCTION PLMRIS)

*

PRSCLADP001 1.

*

* SCALING FACTOR FOR THE E-F STABILITY PLUME RISE FORMULA
* (USED BY FUNCTION PLMRIS)
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*

PRSCLEFP001 1.

* WAKE EFFECTS DATA BLOCK, LOADED BY INPWAK, STORED IN /BILWAK/

*

* BUILDING WIDTH (METERS)

*

WEBUILDWO0O01 40. * SURRY

*

* BUILDING HEIGHT (METERS)

*

WEBUILDH001 50. * SURRY

* RELEASE DATA BLOCK, LOADED BY INPREL, STORED IN /ATNAM2/, IMULREL/

*

RDATNAM2001 'VX_IN1.INP, CHEM_MACCS VX EXAMPLE PROBLEM, SOURCE TERM'

*

* TIME AFTER ACCIDENT INITIATION WHEN THE ACCIDENT REACHES GENERAL EMERGENCY
* CONDITIONS (AS DEFINED IN NUREG-0654), OR WHEN PLANT PERSONNEL CAN RELIABLY

* PREDICT THAT GENERAL EMERGENCY CONDITIONS WILL BE ATTAINED

*

RDOALARMO001  1300.

*

*NUMBER OF PLUME SEGMENTS THAT ARE RELEASED

*

RDNUMREL001 1

*

* SELECTION OF RISK DOMINANT PLUME

*

RDMAXRIS001 1

*

* REFERENCE TIME FOR DISPERSION

*

RDREFTIMO0O1  0.50

*

* HEAT CONTENT OF THE RELEASE SEGMENTS (W)

* A VALUE SPECIFIED FOR EACH OF THE RELEASE SEGMENTS

*

RDPLHEAT001 1.E+6

*

* HEIGHT OF THE PLUME SEGMENTS AT RELEASE (M)

* A VALUE SPECIFIED FOR EACH OF THE RELEASE SEGMENTS

*

RDPLHITEOO1 0.

*

* DURATION OF THE PLUME SEGMENTS (S)

* A VALUE SPECIFIED FOR EACH OF THE RELEASE SEGMENTS

*

RDPLUDUR001  1800.

*

* TIME OF RELEASE FOR EACH PLUME

* A VALUE SPECIFIED FOR EACH OF THE RELEASE SEGMENTS

*

RDPDELAY00L 0.
*

* PARTICLE SIZE DISTRIBUTION OF EACH CHEMICAL SPECIES

* THE FRACTIONS FOR EACH CHEMICAL SPECIES (ROW) MUST SUM TO ONE.

*

* 0.001m/s 0.01m/s

*

RDPSDIST001 0.0 1.0 *VX-LIQ
RDPSDIST002 1.0 0.0 *VX-VAP
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*

*INVENTORY OF EACH CHEMICAL SPECIES SUBJECT TO RELEASE

*

* CHEMICAL  QUANTITY
* SPECIES ~ RELEASED
* (ka)

*

RDCORINV001 ~ VX-LIQ 1.000E+03
RDCORINV002  VX-VAP 1.000E+03

*

* SCALING FACTOR TO ADJUST THE INVENTORY

*

RDCORSCA001 1.000

*

* RELEASE FRACTIONS FOR CHEMICAL SPECIES BY PLUME

*

* PLUME: VX-LIQ VX-VAP

*

RDRELFRC001 1.0E+0 1.0E+0

* OUTPUT CONTROL DATA BLOCK, LOADED BY INPOPT, STORED IN /STOPME/, /ATMOPT/

*

*FLAG TO INDICATE THAT THIS IS THE LAST PROGRAM IN THE SERIES TO BE RUN

*

OCENDAT1001 .FALSE. (SET THIS VALUE TO .TRUE. TO SKIP EARLY AND CHRONC)

*

OCIDEBUG001 1

*

*NAME OF THE CHEMICAL SPECIES TO BE LISTED ON THE DISPERSION LISTINGS

*

OCNUCOUTO001 VX-VAP

* METEOROLOGICAL SAMPLING DATA BLOCK

*

* METEOROLOGICAL SAMPLING OPTION CODE:

*

*METCOD = 1, USER SPECIFIED DAY AND HOUR IN THE YEAR (FROM MET FILE),
* 2, WEATHER CATEGORY BIN SAMPLING,

* 3, 120 HOURS OF WEATHER SPECIFIED ON THE ATMOS USER INPUT FILE,
* 4, CONSTANT MET (BOUNDARY WEATHER USED FROM THE START),

* 5, STRATIFIED RANDOM SAMPLES FOR EACH DAY OF THE YEAR.

*

MIMETCOD001 4 (BOUNDARY WEATHER USED FROM THE START)

*

* HOUR OF DAY INTERVAL IN WHICH ACCIDENT MUST BEGIN

*

* HRINIA HRIN1B

*

M1HRINITOO1 1.0 24.0

*

* LAST SPATIAL INTERVAL FOR MEASURED WEATHER

*

M2LIMSPAQOO1 25

*

* BOUNDARY WEATHER MIXING LAYER HEIGHT

*

M2BNDMXH001 1000. (METERS)

*

*BOUNDARY WEATHER STABILITY CLASS INDEX

*

M2IBDSTB001 4  (D-STABILITY)

*

F16



*BOUNDARY WEATHER RAIN RATE

*

M2BNDRANOO1 0. (MM/HR)

*

*BOUNDARY WEATHER WIND SPEED

*

M2BNDWNDO01 5.  (M/S)

*

* START DAY IN THE YEAR FOR THE SINGLE WEATHER SEQUENCE

*

M3ISTRDY001 157 (START TIME FOR PEAK ECONOMIC COST OF SAMPLE PROBLEM A)

*

* START HOUR IN THE DAY FOR THE SINGLE WEATHER SEQUENCE

*

M3ISTRHR001 10 (START TIME FOR PEAK ECONOMIC COST OF SAMPLE PROBLEM A)
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F.7 EARLY Input File

* GENERAL DESCRIPTIVE TITLE DESCRIBING THIS "EARLY" INPUT FILE

*

MIEANAM1001 'VX_A_2.INP, CHEM_MACCS EXAMPLE PROBLEM VX_A, EARLY INPUT'
*

* DISPERSION MODEL OPTION CODE: 1 * STRAIGHT LINE

* 2 * WIND-SHIFT WITH ROTATION

* 3 * WIND-SHIFT WITHOUT ROTATION

*

MIIPLUMEOO1 1 (STRAIGHT LINE PLUME)

*

*NUMBER OF FINE GRID SUBDIVISIONS USED BY THE MODEL

*

MINUMFINOO1 7 (3,5 OR 7 ALLOWED)

*

* LEVEL OF DEBUG OUTPUT REQUIRED, NORMAL RUNS SHOULD SPECIFY ZERO

*

MIIPRINT001 0 (TURN OFF THE DEBUG PRINT)
*

* LOGICAL FLAG SIGNIFYING THAT THE BREAKDOWN OF RISK BY WEATHER CATEGORY
*BIN ARE TO BE PRESENTED TO SHOW THEIR RELATIVE CONTRIBUTION TO THE MEAN

*

* RISBIN

*

MIRISCAT001 .FALSE.

*

* FLAG INDICATING IF WIND-ROSES FROM ATMOS ARE TO BE OVERRIDDEN

*

MIOVRRID001 .FALSE. (USE THE WIND ROSE CALCULATED FOR EACH WEATHER BIN)

* POPULATION DISTRIBUTION DATA BLOCK, LOADED BY INPOPU, STORED IN /POPDAT/
*

PDPOPFLG001 UNIFORM

PDIBEGINOO1 1 (SPATIAL INTERVAL AT WHICH POPULATION BEGINS)

PDPOPDEN0O1 50. (POPULATION DENSITY (PEOPLE PER SQUARE KILOMETER))

* DOSE DEFINITION DATA BLOCK, LOADED BY INORGA, STORED IN /EARDIM/ AND /ORGNAM/

*

*NUMBER OF DOSES DEFINED FOR HEALTH EFFECTS

*

ODNUMORGO001 4

*

* DOSE  PATHWAY CONCENTRATION
* NAME  FORDOSE EXPONENT

*

ODORGNAMO001 'VINIVX' 'INHACU' 1.0
ODORGNAMO002 'VSK2VX' 'CLD' 1.0
ODORGNAMO003 'LSK3VX' 'SKNACU" 1.0
ODORGNAMO004 'VCDDVX' 'INHLIF" 1.0

* SHIELDING AND EXPOSURE FACTORS, LOADED BY INDFAC, STORED IN /EADFAC/
*

* THREE VALUES OF EACH PROTECTION FACTOR ARE SUPPLIED,

* ONE FOR EACH TYPE OF ACTIVTY:

*

* ACTIVITY TYPE:

* 1-EVACUEES WHILE MOVING

* 2-NORMAL ACTIVITY IN SHELTERING AND EVACUATION ZONE

*  3-SHELTERED ACTIVITY

*
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*PROTECTION FACTOR FOR INHALATION

*

SEPROTINO01 1. 041 0.33 *VALUES FOR NORMAL ACTIVITY AND
* SHELTERING SELECTED BY NRC STAFF

*

* BREATHING RATE AND REFERENCE BREATHING RATE (CUBIC METERS PER SECOND)
*

SEBRRATEQ0L 2.66E-4 2.66E-4 2.66E-4 * BREATHING RATE

SEBRRATEQ02 2.66E-4 2.66E-4 2.66E-4 * REFERENCE BREATHING RATE

*

* SKIN PROTECTION FACTOR

* VALUES FOR NORMAL ACTIVITY AND SHELTERING SELECTED BY NRC STAFF

*

SESKPFAC001 1.0 041 033 *FORLIQUID

SESKPFAC002 1.0 041 033 *FOR VAPOR

*

* RESUSPENSION INHALATION MODEL CONCENTRATION COEFFICIENT (/METER)

*

* RESCON = 1.E-4 IS APPROPRIATE FOR MECHANICAL RESUSPENSION BY VEHICLES.

* RESHAF =2.11 DAYS CAUSES 1.E-4 TO DECAY IN ONE WEEK TO 1.E-5, THE VALUE

* OF RESCON USED IN THE FIRST TERM OF THE LONG-TERM RESUSPENSION EQUATION
* USED IN CHRONC.

*

SERESCON001 0.0 (RESUSPENSION IS TURNED OFF)

*

* RESUSPENSION CONCENTRATION COEFFICIENT HALF-LIFE (SEC)

*

SERESHAF001 1.82E5 (2.11 DAYS)

* EVACUATION ZONE DATA BLOCK, LOADED BY EVNETW, STORED IN /NETWOR/, [EOPTIO/

*

* SPECIFIC DESCRIPTION OF THE EMERGENCY RESPONSE SCENARIO BEING USED

*

EZEANAM2001 'NO EVACUATION, RELOCATION MODELS APPLY ELSEWHERE'

*

* THE TYPE OF WEIGHTING TO BE APPLIED TO THE EMERGENCY RESPONSE SCENARIOS
*YOU MUST SUPPLY A VALUE OF 'TIME' OR 'PEOPLE'

*

EZWTNAMEOQO1 'PEOPLE'

*

* WEIGHTING FRACTION APPLICABLE TO THIS SCENARIO

*

EZWTFRACO001 0.0

*

*LAST RING IN THE MOVEMENT ZONE

*

EZLASMOV001 0 (EVACUEES DISAPPEAR AFTER TRAVELING TO 0 km)

*

*FIRST SPATIAL INTERVAL IN THE EVACUATION ZONE

*

EZINIEVAO0O1 0 (NO EVACUATION)

*

* OUTER BOUNDS ON 3 EVACUATION ZONES (ZERO MEANS THE ZONE IS NOT DEFINED)

*

EZLASEVA0OOL 0 0 O (SINGLE EVACUATION ZONE OUT TO 0 km)

*

*EVACUATION DELAY TIMES FOR THE 3 EVACUATION ZONES

* THIS IS THE DELAY TIME FROM OALARM (ATMOS) TO WHEN PEOPLE START MOVING

*

EZEDELAY001 0. 0. 0. (TOELLE)

*

* RADIAL EVACUATION SPEED (M/S)
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*

EZESPEED001 1.8 (TOELLE)

* SHELTER AND RELOCATION ZONE DATA BLOCK, LOADED BY INPEMR,
* STORED IN/INPSRZ/, [IRELOCA/

*

* TIME TO TAKE SHELTER IN THE INNER SHELTER ZONE (SECONDS FROM OALARM)

*

SRTTOSH1001 0. (THERE IS NO INNER SHELTER ZONE)

*

* SHELTER DURATION IN THE INNER SHELTER ZONE (SECONDS FROM TAKING SHELTER)

*

SRSHELT1001 0. (No Sheltering)

*

* LAST RING OF THE OUTER SHELTER ZONE

*

SRLASHE2001 0 (No sheltering)

*

* TIME TO TAKE SHELTER IN THE OUTER SHELTER ZONE (SECONDS FROM OALARM)

*

SRTTOSH2001 0.

*

* SHELTER DURATION IN THE OUTER SHELTER ZONE (SECONDS FROM TAKING SHELTER)

*

SRSHELT2001 86400. (Entire plume duration plus)

*

* DURATION OF THE EMERGENCY PHASE (SECONDS FROM PLUME ARRIVAL)

*

SRENDEMPO001 604800. (ONE WEEK)

*

* CRITICAL DOSE FOR RELOCATION DECISIONS

*

SRCRIORG001 'VIN1VX'

*

*HOT SPOT RELOCATION TIME (SECONDS FROM PLUME ARRIVAL)

*

SRTIMHOT001 43200. (ONE-HALF DAY)

*

* NORMAL RELOCATION TIME (SECONDS FROM PLUME ARRIVAL)

*

SRTIMNRMO01 86400. (ONE DAY)

*

*HOT SPOT RELOCATION DOSE CRITERION THRESHOLD (SIEVERTS)

*

SRDOSHOTO001 0.5 (50 REM DOSE TO WHOLE BODY IN 1 WEEK TRIGGERS RELOCATION)

*

*NORMAL RELOCATION DOSE CRITERION THRESHOLD

*

SRDOSNRMO001 0.045 (25 MG/M"3-S VAP AIR CONC DOSE IN 1 WK TRIGGERS RELOCATION)

* EARLY FATALITY MODEL PARAMETERS, LOADED BY INEFAT, STORED IN /EFATAL/

*

*NUMBER OF EARLY FATALITY EFFECTS

*

EFNUMEFA001 3

*

* ORGNAM  EFFACA EFFACB EFFTHR
*

EFATAGRP001 'VINIVX' 150 6.3 822
EFATAGRP002 'VSK2VX' 200.0 5.5 100.
EFATAGRP003 'LSK3VX' 50 55 25
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* EARLY INJURY MODEL PARAMETERS, LOADED BY INEINJ, STORED IN /EINJUR/

*

*NUMBER OF EARLY INJURY EFFECTS

*

EINUMEINOO1 3

*

* EINAME ORGNAM  EISUSC EITHRE EIFACA EIFACB
*

EINJUGRPO01 'CLP, PRL, CONVL''LSK3VX' 1. 125 25 55
EINJUGRP002 'MIOSIS/RHINORRH' 'VINIVX' 1. 0.045 0.09 5.5
EINJUGRP003 'SWEATING/FASCIC' 'VSK2VX' 1. 50 10.0 5.5

* ACUTE EXPOSURE CANCER PARAMETERS, LOADED BY INACAN STORED IN /ACANCRY/.

*

*NUMBER OF ACUTE EXPOSURE CANCER EFFECTS

*

LCNUMACAO001 1

*

* THRESHOLD DOSE FOR APPLYING DDREFA

*

LCDDTHREOQ01 0.

*

* DOSE THRESHOLD FOR LINEAR DOSE RESPONSE

*

LCACTHREOO1 0.

*

* ACNAME ORGNAM ACSUSC DOSEFA DOSEFB CFRISK CIRISK DDREFA

*

LCANCERS001 'CANCER" 'VCDDVX'1.0 1.0 00 0. 1.0 20

* RESULT 1 OPTIONS BLOCK, LOADED BY INOUT1, STORED IN /INOUTY/
* TOTAL NUMBER OF A GIVEN EFFECT (LATENT CANCER, EARLY DEATH, EARLY INJURY)

*

*NUMBER OF DESIRED RESULTS OF THIS TYPE

*

TYPEINUMBER 5

*

TYPE1OUT001 'ERL FAT/TOTAL' 1 26 CCDF (0 TO 1000 MILES)
TYPEIOUT002 'ERLINJ/CLP, PRL, CONVL' 1 26

TYPE1OUT003 'ERL INJ/MIOSIS/RHINORRH' 1 26

TYPE1OUT004 'ERL INJ/SWEATING/FASCIC' 1 26

TYPEIOUTO009 'CAN INJ/CANCER' 126

* RESULT 2 OPTIONS BLOCK, LOADED BY INOUT2, STORED IN /INOUT2/
*FURTHEST DISTANCE AT WHICH A GIVEN RISK OF EARLY DEATH IS EXCEEDED.

*

*NUMBER OF DESIRED RESULTS OF THIS TYPE

*

TYPE2NUMBER 1

*

* FATALITY RISK THRESHOLD

*

TYPE20UTO001 0. CCDF *DISTANCE AT WHICH ANY FATALITIES OCCURRED

* RESULT 3 OPTIONS BLOCK, LOADED BY INOUT3, STORED IN /INOUT3/
*NUMBER OF PEOPLE WHOSE DOSE EXCEEDS A GIVEN THRESHOLD.

*

*NUMBER OF DESIRED RESULTS OF THIS TYPE

*

TYPE3NUMBER 4

*

* DOSE DOSE
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* NAME ~ THRESHOLD
*

TYPE3OUTO0L 'VINLVX' 822
TYPE3OUT002 'VSK2VX'  100.
TYPE3OUT003 'LSK3VX' 25
TYPE3OUT004 'VCDDVX' 0.0

* RESULT 4 OPTIONS BLOCK, LOADED BY INOUT4, STORED IN /INOUT4/
* 360 DEGREE AVERAGE RISK OF A GIVEN EFFECT AT A GIVEN DISTANCE.

*

*POSSIBLE TYPES OF EFFECTS ARE:

* 'ERL FAT/TOTAL'

* 'ERL INJ/INJURY NAME'

* 'CAN FAT/CANCER NAME'
* 'CAN FAT/TOTAL'

*NUMBER OF DESIRED RESULTS OF THIS TYPE

*

TYPEANUMBER 4

*

* RADIAL INDEX TYPE OF EFFECT

*

TYPE4OUTO001I 1 'ERL FAT/TOTAL'
TYPE4OUT002 2 'ERL INJ/CLP, PRL, CONVL'
TYPE4OUT003 3 'ERL INJ/MIOSIS/RHINORRH'
TYPE4OUT004 4 'ERL INJ/SWEATING/FASCIC'

*TYPE4OUT005 5 'CAN INJ/CANCER'

* RESULT 5 OPTIONS BLOCK, LOADED BY INOUT5, STORED IN /INOUT5/

*

*TOTAL POPULATION DOSE BETWEEN TWO DISTANCES.

*

*NUMBER OF DESIRED RESULTS OF THIS TYPE

*

TYPESNUMBER 1

*

* DOSE  11DIS5 12DIS5

*

TYPE50UTO001 'VCDDVX' 1 12 (0-10 MILES)

* RESULT 6 OPTIONS BLOCK, LOADED BY INOUT6, STORED IN /INOUT6/

*

* CENTERLINE DOSE VERSUS DISTANCE BY PATHWAY, PATHWAY NAMES ARE AS FOLLOWS:
*

* PATHWAY NAME:

* 'CLD' - CLOUDSHINE

* 'GRD'" - GROUNDSHINE

* 'INHACU' - "ACUTE DOSE EQUIVALENT" FROM DIRECT INHALATION OF THE CLOUD

* 'INH LIF' - "LIFETIME DOSE COMMITMENT" FROM DIRECT INHALATION OF THE CLOUD
* 'RES ACU' - "ACUTE DOSE EQUIVALENT" FROM RESUSPENSION INHALATION

* 'RESLIF' - "LIFETIME DOSE COMMITMENT" FROM RESUSPENSION INHALATION

* 'TOT ACU' - "ACUTE DOSE EQUIVALENT" FROM ALL PATHWAYS

* 'TOT LIF' - "LIFETIME DOSE COMMITMENT" FROM ALL PATHWAYS

*NUMBER OF DESIRED RESULTS OF THIS TYPE

*

TYPE6NUMBER 4

*

* ORGNAM PATHNM  11DIS6 12DIS6

*

TYPE6OUTO01 'VINIVX' 'TOTACU' 1 19 (0-50 MILES)
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TYPE6OUTO002 'VSK2VX' 'TOTACU'" 1 19
TYPE6OUTO003 'LSK3VX' TOTACU'" 1 19
TYPE6OUT004 'VCDDVX' INHLIF 1 19

* RESULT 7 OPTIONS BLOCK, LOADED BY INOUT7, STORED IN /INOUT7/

*

* CENTERLINE RISK OF A GIVEN EFFECT VS DISTANCE

*

*NUMBER OF DESIRED RESULTS OF THIS TYPE

*

TYPE7NUMBER 1

*

* NAME 11DIS7  12DIS7

*

TYPE7OUT001 'ERL FAT/TOTAL' 1 19 (0-50 MILES)
*TYPE70UT002 'CAN INJ/TOTAL' 1 26 (0-1000 MILES)

* RESULT 8 OPTIONS BLOCK, LOADED BY INOUT8, STORED IN /INOUT8/

*

* POPULATION WEIGHTED FATALITY RISK BETWEEN 2 DISTANCES

*

*NUMBER OF DESIRED RESULTS OF THIS TYPE

*

TYPESNUMBER 2

*

* NAME  [1DIS8 12DIS8

*

TYPESBOUTO01 'ERL FAT/TOTAL' 1 5 CCDF (0-EXCL ZONE + 1 MI)
TYPESBOUTO002 'CAN INJ/TOTAL' 1 12 CCDF (0-10 MILES)

* RESULT 9 OPTIONS BLOCK, LOADED BY INOUT9, STORED IN /INOUTY/
*FURTHEST DISTANCE AT WHICH A GIVEN RISK OF EARLY INJURY IS EXCEEDED.

*

*NUMBER OF DESIRED RESULTS OF THIS TYPE

*

TYPEONUMBER 3

*

* INJURY RISK THRESHOLD

*

* EINAME ~ RISK THRESHOLD
*

TYPEQOUTO001 'CLP, PRL, CONVL" 0.1
TYPEQOUT002 'MIOSIS/RHINORRH' 0.1
TYPEQOUTO003 'SWEATING/FASCIC' 0.1

* RESULT 10 OPTIONS BLOCK, LOADED BY INOUTO, STORED IN /INOUTO/

* AREA IN WHICH GROUND CONCENTRATION OF A GIVEN AGENT EXCEEDS A GIVEN THRESHOLD.

*

*NUMBER OF DESIRED RESULTS OF THIS TYPE

*

TYPEONUMBER 1

* GROUND CONC.
* NUCLIDE NAME =~ THRESHOLD
* (kg/m”2)

*

TYPEOOUTO001 'VX-LIQ" 'VX-VAP'" 0.1E-9
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