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PREFACE

This manual describes a sequential version of the Rough Terrain
Diffusion Model (RTDM, version 3.20), developed by Environmental
Research & Technology, Inc. (ERT). RTDM has its origins in the
modeling technologies ERT had developed and applied over a period of
several years as part of its consulting services to both public and
private sectors. In response to the March 1980 Federal Register "Call
for Models," ERT submitted RTDM.WC, a case-study version of the model,
for consideration by EPA. ERT felt that this model would fill an
interim need for realistic assessments of pollutant dispersion in
complex terrain settings.

RTDM version 3.20 retains the basic algorithms and features of
RTDM.WC, including the unique way in which the model simulates plume
behavior near terrain features by limiting reflection from the ground
in accordance with the second law of thermodynamics. However,
provisions have been made in this sequential version of RTDM to
incorporate on-site hourly measurements of turbulence intensity,
vertical temperature gradient, horizontal wind shear, and the vertical
wind speed profile. In addition, a critical height (Hcrit) is
defined such that in stable conditions, plumes at heights less than
Hcrit will impinge upon terrain. Hourly values of stack emission
parameters can also be accommodated by the sequential version of RTDM.

RTDM possesses several features not present in other air quality
models routinely used for regulatory applications. Proper application

of RTDM requires that the user be thoroughly familiar with the basic
modeling concepts applied in the model, and follow the guidance
provided in this user's guide for selecting the meteorological and
source inputs to be used in the computer calculations. Because the
model user must specify the parameter switches and meteorological
data, care should be used to avoid inconsistent and physically
unrealistic combinations of inputs. The use of incorrect parameter or
meteorological input values as well as improper application of RTDM
can result in serious calculation errors. Also, because the model
provides many input and output options, the user should anticipate the
necessity for making a number of trial program runs to become familiar

with the various features of RTDM.
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ABSTRACT

The Rough Terrain Diffusion Model (RTDM) version 3.20 is a
sequential Gaussian plume ﬁodel designed t6 estimate ground-level
concentrations in rough (or flat) terrain in the vicinity of one or
more co-located point sources. It is specifically designed for
applications involving chemically stable atmospheric pollutants and is
best suited for evaluation of buoyant plume behavior within about
15 km from the source(s). Model results for receptors beyond about
15 km can. be used with caution to 50 km, and RTDM can be used as a
screening model for distances beyond 50 km. RTDM has special
algorithms to deal with plume behavior in complex terrain, and is
especially suited for rough terrain applications.

While RTDM version 3.20 is specifically designed for use with
sequential data sets, it can also be . run in a case-study mode.
Various optional features of the model make it useful for either
research/sensitivity applications or routine evaluations of source
compliance. RTDM has the ability to use hourly on-site measurements
of turbulence intensity, vertical temperature difference, horizontal
wind shear, and wind speed profile exponents. However, RTDM version
3.20 retains sufficient flexibility in the specification of model
inputs to enable the user to obtain results similar to many other
Gaussian point source models. The ability of RTDM to read hourly

emissions data makes it useful for site-specific model evaluation

studies.
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EXECUTIVE SUMMARY

The Rough Terrain Diffusion Model (RTDM) computer code provides a
method to estimate air pollutant concentrations from multiple
co-located sources in a rural environment. RTDM can be used in flat
or complex terrain, but it is especially suited for use in complex
terrain. ' _ _

Special features employed by RTDM in estimating ground-level
concentrations are listed below. For applications of the model in a
mode approved for general use by the U.S. EPA, certain features are

not used (see Section 5 for additional information).

° Reflection'of plume mass from the ground is limited by the
second law of thermodynamics, so that the maximum
concentrations cannot increase with distance downwind.

e In stable conditionms, a-critical height (Hcrit) is
computed from the wind speed, the terrain height and the
strength of the inversion. Plumes below this height are
allowed to impinge on the terrain.

° The effects of buoyant entrainment can be accounted for in
calculating plume size.

° Momentum effects on plume are ignored; only
buoyancy-dominated sources should be modeled with RTDM

version 3.2.

° Horizontal wind shear data can be used to make refined
estimates of the horizontal extent of the plume.

° On-site turbulence intensity data (Iy, Iz)’ can be used
as estimates of ambient dispersion for input to the model.

) The uéer can supply hourly values of the wind speed profile
exponent. ‘

® On-site values of vertical temperature gradients can be used

to better estimate plume rise and Hcrit valugs.

] In the presence of a mixing lid, the fraction of the plume
that penetrates the lid can be calculated following Briggs
(1975), rather than allowing either zero or total

penetration of the 1lid.
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° Transitional plume rise may be employed in model
computations until the downwind distance to equilibrium
plume height is reached by the plume.

° During neutral and unstable conditions or above Hcrit in
stable conditions, a "half-height” correction simulates the
effect of terrain-induced plume modificétions on
ground-level concentrations.

° Decrease in plume rise due to stack-tip downwash can be

accounted for.

RTDM can calcﬁlate ground-level concentfations at a maximum of
400 receptors from a maximum of 35 co-located point sources. Sources
that are not co-located can be modeled separately with the same
receptor grid (but different downwind distances to terrain), and the
results can then be added using the postprocessor ANALYSIS program.
RTDM calculates one-hour average concentrations, considering each hour
as an individual steady-state period. The user can input hourly
emissions parameters to the model. The resulting one-hour
concentrations can be summed to obtain multiple-hour averages.

When the "partial reflection" option is employed in RTDM, the
concentration at a receptor point depends upon the travel path of the
plume (the upwind concentrations) as well as the location of the
receptor itself. This is a feature found in few Gaussian models, and
it requires the RTDM user to supply detailed terrain information in
each of 36 directions (at 10° intervals). This terrain data consists

of downwind distances to successive contour heights (at constant

height intervals), starting below stack-top e evation and ending at——

the highest point within the distance from the source under
consideration (e.g., 15 km). This terrain information is summarized

in a table as well as presénted in map form in the RTDM output.
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1. INTRODUCTION

1.1 Model Features

RTDM version 3.20 is a sequential version of the ERT Rough
Terrain Diffusion Model, and is based upon the case-study model,
RTDM.WC, submitted to EPA in August 1980. The model can be used in
flat or complex terrain, but it has features especially suited for

simulating plume dispersion in complex terrain.
RTDM is a Gaussian, point-source model which has many parameters

and optional features that allow for a wide variety of applicationms.

These features are listed below:
° Wind Speed Determination:
- Input of anemometer height

Adjustment of wind speed to stack top to compute plume rise

Use of a wind speed value at either stack-top or plume

height for dilution
- Use of an alternate observed wind speed value for dilution

Input of wind speed profile exponents: hourly or as a

function of stability class

) Plume path adjustment as a function of Pasquill-Turner
stability class

° Calculation of a dividing streamline height in stable
conditions

° A choice of transitional or final plume rise

) A choice of dispersion parameters:

- Pasquill-Gifford,
- Briggs (1973)/ASME (1979),

- User-supplied in the form axb +c

° Buoyancy-induced dispersion
° Stack-Tip downwash
° Multiple reflection from a mixing lid

1-1
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° Partial plume penetration of a mixing lid

° An option to set the height of.the mixing 1id to .ﬁ
10,000 meters in stable conditions ‘ {'
° Optional meteorological input:

- Iy’ Iz to compute on-site ay, o, values

— On-site vertical temperature difference data used to
calculate stable plume rise and the height of the dividing
streamline in stable conditions

- Horizontal wind shear data to provide better estimates of oy

° In rough terrain, calculation of the maximum crosswind-
integrated plume concentration upstream from each receptor
location. The plume concentration is not allowed to [
increase with distance from the source. Reflection of the
plume from the ground is limited to account for this effect.

-

Use of hourly stack emissions data )
Maxima of 400 receptors and 35 co-located sources Ii
Transportable receptor grid of any configuration

Sector-averaged or centerline concentrations calculated

—

Detailed information can be supplied concerning plume

behavior and dispersion in "case-study” mode

ety

) Statistical and descriptive information supplied by

postprocessor for various averaging times. l

1.2 Steps Required to Run RTDM

Input Data

Use of RTDM requires the presence of the following input files:

° a file containing hourly meteorological data;
° optionally, a file containing hourly emissions data;
° a run stream file that specifies model options and gives

source, receptor, and terrain information.
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If both hourly meteorqiogical data and hourly emissions data are
used they must match chronologically for each hour modeled.
Successive records of data that are not in an hourly sequence are
flagged with a warning, but execution continues. Any number of data

hours may be input to RTDM.

Model Execution Modes

RTDM version 3.20 can run in two modes: one with detailed
printout for each receptor for each hour (verbose or case-study mode)
and one without. In either case, concentrations are written to a disk
file for postprocessing. The verbose mode produces a large volume of
output, and it is recommended for short RTDM runs only.

Output Files

RIDM produces an output file to be printed that contains

1) a list of program options selected;

2) a list of key program parameters and their initialized
values;

3) a description of the source characteristics;

4) a description of the receptor characteristics;

5) a description of the terrain surrounding the source.(if

using partial reflection).

The case-study mode also produces descriptive information about
plume behavior for each hour for each source - receptor combination
producing non-zero concentrations.

A disk file of computed ground-level concentrations is always
produced. This disk file can be examined with the postprocessor

ANALYSIS program.
1.3 Model Assumptions

Major assumptions in RTDM include:

1-3
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1)

2)

3)

4)

5)

6)

The mean stack-top wind speed and direction are uniform in
space and constant throughout the period of each
concentration calculation (one hour).

When the effluent plume enters the atmosphere, it rises
until it reaches an equilibrium altitude H.

At any downwind distance the distribution of concentration
values away from the centerline is given by the product of
two Gaussian distributions, one in the y direction
(crosswind) and one in the z direction (vertical). A
top-hat (sector-averaged) profile can be selected for the
horizontal-distribution.

The concentration profiles described by the Gaussian form
are not "instantaneous” plume profiles; instead they
represent concentrations averaged over a l-hour period.

If the "partial reflection” option is not employed, it is
assumed that all material in the plume is reflected by the
ground. If the partial reflection option is used, the
effect of full ground reflection is tracked along the plume
up to the receptor point of interest. The maximum
crosswind-integrated (MCWI) concentration is not allowed to
increase with distance downwind. If the MCWI concentration
starts to increase with full reflection, the "reflection
factor" is "frozen" to prevent downwind increases. More
details are provided in subééction 2.6.

The effluent rate and the meteorological parameters

7

8)

9)

determining plume geometry are constant during each hour

modeled. ‘

Plume rise from point sources is calculated with Briggs'

plume rise equations (Briggs 1969, 1973, 1975).

The effect of momentum (in the plume rise calculation) is

ignored, as this is usually small compared to the effect of

buoyancy. In this version of RTDM, only buoyancy-dominated
sources may be used.

It is assumed that dispersion begins from a fictitious
height above the actual source (effective stack height)
instead of rising and dispersing simhltaneously.

1-4
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10)

11)

12)

13)

14)

15)

16)

17)

18)

19)

20)

There are no provisions for building downwash or the merging
of nearby buoyant plumes.

Both transitional and equilibrium plume rise are calculated.
The afmosphere is considered a single layer in the vertical
(except for stable layers aloft) in which the rates of
horizontalAand vertical dispersion are independent 6f height.
The plume is completely reflected at the mixing height, as
well as at the ground (except for partial reflection, if
applicable) if the plume centerline is calculated to be
below the mixing height.

Multiple reflection is simulated by means of a trapping
model equivalent to that listed in the Turner Workbook,
Equation 5-8, Page 36 (Turner 1969).

All of the plume mass is assumed to have punched through the
mixing lid and to be in the stable layer aloft if the
effective plume height is above the mixing 1id (unless the
partial plume penetration option is specified).

If the partial plume penetration option is used, then a
fraction of the plume, P, (Briggs 1975) penetrates the
mixing 1id, and the Gaussian model equation is modified by
multiplying the source emission rate by (1-P).

If the partial plume penetration option is specified and the
penetration fraction P is > .5, the final plume height is
placed at the base of the elevated stable layer.

The simulation of buoyancy-enhanced dispersion is an

option. (See subsection 2.7).

The simulation of stack-tip downwash is an option. (See
subsection 2.9).

Although wind speed is measured at anemometer height, it is
extrapolated to stack top for plume rise calculations by
using a power-law wind speed profile. The dilution wind
speed is taken to be either the stack-top speed or the speed
at plume height. Extrapolation of wind speed with height
levels off at a constant speed at or above 0.1 times the
mixing height for unstable conditions, and at a height in
meters of 200 multiplied by the 10-m wind speed (in m/sec)

in neutral and stable conditions.

1-5
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21)

22)

23)

24)

25)

26)

27)

——concenitrations-

28)

29)

Hourly wind speeds below 1.0 meters per second (p/sec) are
set to 1.0 m/sec. This precludes the possibility of
concentration values approaching infinity as the wind speed
approaches 0 and represents a lower wind speed limit to

organized transport.

'Eor calm conditions where there is no measured wind

direction, the wind direction from the previous non-calm
hour persists.

(NOTE - this can cause the model to overestimate pollutant
concentrations for multiple-hour averaging times if
conditions persist for several hours.)

Although RTDM defaults to the ASME (1979) dispersion
parameters, the Pasquill-Gifford dispersion parameters or
any parameters of the form ax b + ¢ may be used.

If the distance from the source to a receptor is less than
10 meters, it is set to 10 meters for dispersion

calculations.

Concentrations for a given hour are calculated independently

of conditions for the preceding hours.

The total concentration determined for any receptor for one
hour is the sum of the calculated concentrations for each
source.

Average concentrations for time periods greater than one
hour (as determined by the postprocessing program ANALYSIS)
are computed by averaging the appropriate number of hourly

RTDM can use hourly pollutant emission rate information as
well as hourly stack temperature and exit velqcity values.
Information concerning directional wind shear with height

can be used to refine estimates of °y'

1.4 Applications and Limits of Use

RTDM has been designed for sensitivity studies, investigations,
or for more routine applications, such as the determination of
compliance with applicable air quality standards. It incorporates
sufficient flexibility in its input specifications so that it can '

1-6
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approximate the results of other Gaussian source models, such as EPA
models used for complex terrain. It is best suited for applications
at distances up to 15 km from the source, but may be used with caution
out to 50 km, and as a screening model beyond 50 km.

RTDM has many options desirable for use in flat terrain, but it
has special features suitable for use in complex terrain as well. The
model can accept up to 35 sources, and is suitable for many routine
multiple or single-source applications such as evaluation of control
technology, stack-design investigations, prevention of significant
deterioration, new source review, and source permitting applications.

RTDM may be run in a case-study mode, which allows the
computation of concentrations for any number of selected one-hour
periods, such as case-study hours for model validation, a set of
hypothetical "worst-case conditions", or cases chosen to investigate
the sensitivity of the model to variations in some input parameters or
optional features of the model.

RTDM is quite useful for studies for which hourly monitoring data
or hourly stack parameters (emission rates, temperature and exit
velocity) are available. It can also use values of on-site
meteorological data that improve estimates of oy and o,- RTDM
version 3.20 is not able to simulate the behavior of
momentum-dominated plumes. Also, it is not equipped to portray
situations with complex aerodynamic effects due to nearby tall
buildings.

This model assumes that the pollutants of interest disperse as

non-reactive gases. There is no provision in RTDM version 3.20 for

chemical transformation of plume constituents. No gravitational
effects or depletion mechanisms, such as rain-out, wash-out or dry
deposition, are considered.

In RTDM, the consideration of large downwind distances may
involve a series of terrain obstacles in a given direction. Flow
structure on the lee side of terrain obstacles can be more complicated
than that on the windward side (Rowe, 1980). Thus, model calculations

obtained for receptors on the leeward side of terrain should be

interpreted with caution.

4052D535-585



2. PHYSICAL PROCESSES MODELED BY RTDM

2.1 Gaussian Dispersion

The fundamental formula used in the model to estimate
ground-level pollutant concentrations from a point source is the
bi-variate Gaussian plume equation, as presented in the Workbook of

Atmospheric Digpersion Estimates (Turner 1969).

the equation is:

x(x,y,z) =
o
I {exp
+ exp
where

(x,y,2)
x(x,y,2)

H

Q

4053D535-585

l1f{z - H 2
exp |- 5 + exp -

) 1 zZ - H - 2Nz
2 o
4

) 1 Z - H+ 2Nz
2 o
z

+ exp

+ exp

The general form of

2
1/z+H
2 ( - + (1)
z
) 1 Z + H - 2Nz
2 o
b4
B 2
) 1 Z + H + 2Nzi
2 o
z

are the (downwind, crosswind, and vertical) coordinates

of a receptor point in a Cartesian coordinate system,

with the origin at the source location.

is the pollutant concentration at receptor location

(x,y,2) (mass/lengths);
is the effective height (stack height plus plume rise)
of emission; that is, the centerline height of the

plume (length);

is the source strength (mass/time);



g ,0 are dispersion coefficients that are measures of cross—

wind and vertical plume spread, respectively. These
two parameters are functions.of downwind distance and
atmospheric stability (length);

u is the average dilution wind speed (length/time); and

z is the height of the mixing lid (length).

i
In the model calculations, the downwind distance (x) and the
crosswind distance (y) from the source to the receptor are determined

as a function of the hourly wind direction, as well as source and
receptor coordinates. The height of receptor points (z) above the
ground is assumed to be zero in RTDM. However, non-zero values of z
are employed in Equation 1 for the calculation of the maximum
crosswind integrated concentration within the plume, which, in
general, can occur at any point between the plume centerline height
and the ground.

The source base is at z = 0 in the coordinate system. The most
jimportant assumptions on which the Gaussian plume formula is based are

the following:

1) The mean stack-top wind speed and direction are uniform in
space and constant throughout the one;hour period of each
concentration calculation.

2) When the effluent plume enters the atmosphere, it rises
until it reaches an equilibrium altitude H.

3) At any downwind distance, the distribution of concentration

values off the centerline is given by the product of two
Gaussian distributions, one in the y direction (crosswind)
and one in the z direction (vertical).

4) The concentration profiles described by the Gaussian form
are not "instantaneous” plume profiles; instead they
represent concentrations averaged over an hour.
Consequently, they incorporate the normal variability of
wind flow for this time period.

5) In Equation 1, all material in the plume is totally
reflected by the ground and the mixing lid. One model

option, discussed in Section 2.6, involves a partial

2-2
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6)

reflection by these surfaces in order to prevent increases
in the maximum crosswind-integrated plume concentration as
the distance downwind increases.

The effluent rate and the meteorological parameters
determining pluﬁe geometry are constant during the period of
interest (that is, the equation represents steadi—state

conditions).

Equation 1 can be rewritten as

X(X,¥,2) = 3 . HDF « VDF, (2)

where

HDF, the horizontal distribution factor, is

2
Y
<a)’ (3
vy }

- r
2 2
1 l1{z - H l/z + H
VDF = exp| - —(————) +exp |- S +
JZvoz {: 2 dz 2 c’z
-~ - _ — -
Z - H -~ 2Nz 2 Z + H - 2Nz 2
1 i 1 i
-3\ T, ) |ree -\ T
- z _J - z .
r -’ - -
1 %2 H+ Wz, 2 1%+ H+ Mz, 2
+ exp -5(_;—— vewl -\ T = (4)

where J

is large enough to specify VDF to single precision computer

accuracy (about 8 decimal digits). In RTDM, the multiple reflection

2-3
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part of VDF is expressed by a fourier series, with only 2 terms
required in the worst case to provide the desired accuracy.

Equation 3 represents the formulation of HDF for vof f-centerline”
calculations of the ground-level concentration. If sector averaging
is used, HDF becomes 1/SW, where SW is the sector width at the |
downwind distance of the receptor. '

If c data are to be used for the dxrect computation of
ay, then the preferred choice for HDF is the off-centerline ‘
option. Sector averaging is an option for use with complex terrain |
applxcaﬁions The use of sector averaging (conventionally 22.5 or
45°) accounts for the increased lateral turbulence often observed in
the vicinity of high terrain. The horizontal distribution of

concentrations is modeled as a top-hat shape rather than a Gaussian

shape.
The wind speed, u, used in Equations 1 and 2, represents a

L

dilution factor. Many Gaussian models use the wind speed at stack-top
height to dilute the plume, but this practice may be inappropriate for
buoyant plumes with a large rise distance. wWith RTDM, the user has ii
the option to use the wind speed extrapolated to equilibrium plume _

height for dilution. This option is discussed in Section 2.3.

2.2 Plume Rise

The behavior of an effluent plume in the atmosphere is a
complicated process, varying with conditions of release, wind,

turbulence and numerous other factors associated with terrain and

aerodynamics. : ' : 1
The typical stack plume is warmer than the surrounding air and

the plume rise tends to be dominated by buoyancy. In this model,

plume rise from point sogfces is calculated using the Briggs' plume

rise equations (Briggs 1969, 1973, 1975). The effects of momentum are

ignored because the rise due to momentum is usually small compared to
that due to buoyancy. RTDM provides the capability of optionally

including stack-tip downwash (see Section 2.8). However, there is no
provision fof building downwash or the merging of nearby buoyant |

plumes. Both transitional and equilibrium plume rise values are
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calculated. To simplify dispersion simulation, it is assumed that
dispersion begins from a fictitious height above Ehe actual- source.
This height, or 'effective stack height' is the sum of the actual
stack height (hs) and the plume rise from emission (Ah). For
unstable and neutral conditions (stability classes 1, 2, 3, and 4),

plume rise above stack top is computed by:

1.6F1/3x2/3

Ah = —=—m"—— , x < 3.5x%
u
. 1/3 2/3
X
A = 1:SF éééilglf , X > 3.5x% (5)
where
F is the buoyancy flux of stack emissions in m4/sec3 =

2
gvsd ('1's - Ta)/4Ts.
where

is exit velocity, d is stack diameter,
is stack temperature, Ta is ambient temperature, and
xX is the downwind distance at which atmospheric turbulence

dominates entrainment in plume rise (m), given by,

3. F2/5, if F > 55 m'/sec>;

14. FS/g, if F < 55 mﬁ/secs;

%

xX

3.5x* is the approximate downwind distance at which the plume

becomes level (m).

For stable conditions (stability class 5 or 6):

1/3 2/3 .
Ah = 14223——5——- . x < 2.07us”1/2
2-5
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/3

an = 2.6 =) x > 2.07us /2 (6)
us , ‘
where , X
I
s js the stability parameter based on atmospheric lapse rate: _
{
)

_2 g

8= azT (7 !
a |

and
- f
26/3z is the rate of change of potential temperature with height
k), !
g is the acceleration due to gravity (9.8 m s-z), and

Ta is the ambient temperature (°K).

|

For low wind speeds, the plume rise computed using

Ah = 5.0F1“'s'3’8 (8)

is used if the Ah value is lower than that obtained from Equation 6.

For stable conditions RTDM calculates plume rise using both the
stable (equations 6 and 8) and the neutral (equation 5) formulas, and
the conservative assumption is made (following Briggs, 1975) that the

— effective plume rise is the smallest value given by the various

formulqs.

2.3 Wind Speed Determination

The wind speed at stack-top elevation is used in the calculation J
of plume rise. Since the surface wind speed measurements are commonly
taken at lower elevations than stack top, an adjustment is made in the J

model by the following power law relationship:
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z\ P :
u(z) = ur<;-> (9)
o

where

u(z) is the adjusted wind speed at stack height z;
u is the wind speed measured at a reference height z.;

o
P is the wind profile exponent.

The profile exponent p is a function of stability class and has the
default values given in Table 2-1 (DeMarrais, 1959).

In equation 9, the values of z and z  are specified relative to
a height, denoted here as z, from which the wind speed profile
originates (the wind speed at height z_ is zero). 1In flat or gently
rolling terrain, z, is at the same height as the stack base
elevation. In some rough terrain applications, however, the stack may
protrude from a narrow valley or canyon. The wind profile above the
canyon walls is often of primary interest for simulating plume
transport and dispersion, and is often much different than the wind
profile in the valley itself. If all of the model receptors are
located on high terrain above the valley walls, use of a wind profile
based upon a starting elevation some distance above the stack base
elevation may be appropriate if actual wind measurements are taken at
an elevation above plant grade. This height, Z, must be at or
above the common stack base used in RTDM, and should not be higher
than the elevation of the top of the shortest stack (to prevent an
undefined or negative stack-top wind speed). In the RTDM input
parameter section, the origin height for the wind speed profile, z a’
is specified relative to its height above stack base. 1Its default
value is zero.

As discussed in Section 2.1, the dilution wind speed can be
chosen to be that at stack-top height or at plume height. The user
should choose stack-top height if pPlume rise is typically low compared
to the height of the stack. Otherwise, choice of the equilibrium
plume height for the dilution wind speed may be more appropriate.
RIDM can compute the dilution wind speed at plume height. by
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TABLE 2-1
WIND SPEED PROFILE EXPONENTS - DEFAULT VALUES

Stability Wind Speed Profile
Class Exponent, p
1 o 0.09
2 0.11
3 ' 0.12
4 0.14
5 0.20
6 0.30




extrapolating the same wind speed value used to compute the stack—top
speed. An alternative wind speed value (located at a height closer to
equilibrium rise height, such as on a hill) can be used for
extrapolation to plume height for the dilution calculation.

If multiple levels of wind speed on a tower are available, the
user can choose to iqput hourly values of the wind ébeed profile
exponent to RTDM. For many applications, a least-squares fit for the
wind speed profile exponent is desired, such that the resulting
profile matches the observations with a minimum of error. Of the
measurement heights available, one should be selected as a reference
height such that it is at or slightly above the stack-top height. 1If
no measurements are taken as high as the stack-top height, the highest
available wind speed data level should be designated as the reference
level.

It is possible to apply the least-squares fit so as not to alter
the wind speed measurement at the reference height. This option
should be used if the data are reliable at the reference level and its
position relative to other tower levels is superior for use in
calculating plume rise. If, however, some data at the reference level
are missing or that level is not clearly superior to other levels,
then the reference level speed should be determined from all available
measurements. The procedures to be used for calculating hourly wind
speed profile exponents according to the two methods are explained

below.
If the reference level wind speed measurement is to be retained,

—define p, the wind speed profile exponent, as follows:

M 2

1[1n<—> 2k >]
HE éﬂ

p-
]

(10)

p=
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where

e

refers to individual height levels
is the number of levels,
u, is the wind speed at the ith level,

z, is the height of the ith level, relative to height z,

r refers to the reference level.

If the reference level wind speed measurement is to be estimated from '

all available data, define p as:

- [m (ug) » 1n(:—i)]-[ig ln(ui)] .[121 ln(;—:):]

_;il _—i=1 = i=L (11)

o3, [m @) - [2R)

and redefine u, (used as input to RTDM in the hourly meteorological

data) as
N N. ,z
£ ln(ui) -ptk ln(;i)
i=1 i=1 r (12)
Up = exp N '

An example of the application of both methods to the same data
set is given in Table 2-2.

___ several observers (Arya, 1982; Kaimal et al., 1976; Pennell and

Le Mona, 1974; Clarke, 1970; Izumi and Barad, 1963) have noted that
the wind speed doe§ not obey a power law (Equation 9) throughout the
entire boundary layer, whose height is defined by the mixing lid.
Instead, the increase of wind speed with height is found to level off
or even slightly decrease above a certain height, depending upon the
mixing height in unstable conditions or the surface layer friction
velocity, u,, in neutral and stable conditions. The calculation of
height limits above which the wind speed is assumed to be constant is
a feature that has been incorporated into RTDM. 1In unstable
conditions, the height limit is 0.1 times the mixing height. Arya
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(1981) shows that in neutral and stable conditions, the approximate
height of the wind speed maximum (Hma*) is given by

H = 0.142 +— (13)
max

where u, is the friction velocity, and f is the Coriolis parameter.

For general application, Hmax can be specified approximately
using a 10-m wind speed with assumptions for typical values of surface
roughness length in complex terrain (1 meter) and the Coriolis

parameter (10-4sec-1). The resulting values of H __ as a

function of stability are:

Hmax = 0.1 * mixing height for unstable conditions (14)
H - (meters) = 200 ¢ 10-m wind speed (m/sec) for

ma
neutral and stable conditions

Equation 9 is therefore modified for RTDM as follows:

- P
max
u(z) =u.|l 72 | (15)
r
where Zpax = z if z < zr,

max - max;_i’ o

Pollutant concentrations estimated by tﬁe Gaussian plume equation
used in the model are inversely proportional to average wind speed.
This rélationship implies that concentrations would approach infinity
as the wind speed approaches zero, which is clearly not the case. To
simulate the effects of very low wind speed cases, hourly wind speeds
that are below 1.0 m/sec are set at 1.0 m/sec. This precludes an
invalid application of the model. For calm conditions where there is

no measured wind direction, the wind direction from the previous

4053D535-585
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non-calm hour persists. This assumption can cause the model to
overestimate pollutant concentrations for multiple hour averaging

times if calms persist for several hours.

2.4 Stability category

The user must specify a stability category for each hour of
meteorological input. Stability category values range from 1 to 6 and

represent the following conditions:

- Very unstable

— Moderately unstable
Slightly unstable

- Neutral

- Slightly stable

- Moderately to very stable

O U WwWN
|

In RTDM, the stability category can be used for several computations:

1) The formula for plume rise is a function of stability
class. Different calculat;ons take place for stable and
non-stable hours. However, if on-site vertical temperature
difference data exist, the use of stability ¢lass can be
compietely eliminated. In such a case, neutral/unstable
rise is assumed for negative or zero vertical potential

— temperature gradients (VPTG). For positive (stable) values

of VPTG, both neutral and stable rise formulas are

evaluated, and the lower rise is chosen.

2) The behavior of a plume encountering terrain is a function
of the stability class. The choice of the plume path
correction factor is usually different for stable versus
non-stable conditions. However, if hourly vertical
potential temperature gradient values (for determining
Hcrit) are available, these data values can be used to
distinguish between stable and nonstable conditions. 1In
stable conditions, the VPTG value is used to calculate

2-13
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Hcrit’ ghich_is used to determine whether or not the plume

is allowed to impinge upon the terrain.

3) Values of qy and o, are conventionally a function of
stability class. This dependence upon stability class can
be eliminated (except for selection of a formula for
computing the gfowth of o, as a function of distance) by
supplying turbulence intensity data (Iy. Iz). The
turbulence intensity data (or sigma-theta/ sigma-phi values)
can then be used to calculate oy and o, directly
(Hanna et al. 1977).

4) The determination of the wind speed profile exponent is a
function of stability class if hourly values are not
supplied. The specification of hourly values (Section 2.3)
is not a function of stability. However, determination of
Hmax (Equation 14) is weakly dependent upon the stability

class.

Depending upon the availability of on-site meteorological
measurements and the options selected, the RTDM user may rely heavily
or very little upon stability class values in the calculation of
ground-level concentrations. The use of as much on-site data as
possible in the model compﬁtations (Strimaitis et al. 1§80) decreases

reliance upon the accurate specification of -stability class values.

2.5 Dispersion Parameters

The parameters ay and o, which represent the crosswind
and vertical standard deviations of the dispersing plume, are
functions of x and are related to meteorological conditions. These
two variables provide the Gaussian equation with some flexibility, as
o_ and o, may be obtained by various ﬁethods without altering
the original computation scheme. '

In RTDM, values of ay and az may be determined from
stability class or from hourly values of the vertical and horizontal

components of the turbulence intensity. If the stability class method
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is used, the user can choose to calculate ay and az in one of

the following ways:

° by using Pasquill-Gifford dispersion coefficients,
° by using Briggs rural (ASME, 1979) dispersion coefficients,
] by using dispersion coefficients supplied in the form

axb + ¢, which may vary as a function of stability class

and downwind distance ranges.

RIDM has been designed to accommodate the use of on-site
turbulence intensity data (or sigma-theta, sigma-phi values), if
available. The formulation of ay and 9, from these data

closely follows Briggs (1973):

I, = x * (1 +0.0001 072, x <10,000 m, (16)

[+
y
' Iy *x * (1/v2), x >10,000 m

c
y

where °y and x are in meters, Iy is the horizontal component of
the turbulence intensity (or sigma-theta expressed in radians). The

formula for az depends upon stability category:

°z = Iz * x for unstable conditions,
o, =1, *x°(1+ 0.0015x) 1’2 for neutral conditions, (17)
o, =I *x+ (1+ 0.0003::)-1 for stable conditions,

where c;—and—X“ﬁfé in meters, Iz is the vertical component of
the turbulence intensity (or sigma-phi expressed in radians).

If only one of either Iy or I, is available, RTDM can still be
run with the observed turbulence vglues to determine ay or o, (whichever
is appropriate), and the stability class can be used to determine the
other sigma value. The Pasquill-Gifford and ASME curves are based
upon Pasquill-Turner stability classes. 1In general, the authors
recommend for "refined" modeling that if either sigﬁa-theta or
sigma-phi values near stack-top height are available and determined to
be of acceptable quality, those data should be used in the direct

calculation of ay or o,- However, a "default mode" version
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recommended by EPA for genéral use as a screening model determines
o and o, indiregtly using the stability class. '

Instrumentation used to obtain % and especially S, measurements
must be given careful attention in terms of maintenance and quality
assurance. Use of poor quality turbulence data in RTDM can be worse
than indirect calculation of cy and o, from stability class values.
These turbulence input parameters require careful checking. The
siting of the tower to obtain turbulence behavior representative of
that experienced by the plume is important as well as following EPA

recommendations regarding on-site instrumentation (Strimaitis et al,

1980 and EPA, 1987).
2.6 Partial Plume Reflection from Sloping Terrain

As an elevated plume flows over flat terrain, material within the
ﬁlume diffuses in ali directions. The presence of the ground surface
prevents the diffusion of inert gaseous materials through the surface.
This has been conventionally modeled by assuming an *image source"
below the surface. At the surface itself, the mathematical result is
a doubling of ground-level concentrations due to "reflection” of
material associated with the image source, a reasonable approach for
flat terrain.

In contrast, when an elevated plume flows toward high terrain,
the application of a Gaussian plume model with full reflection may not

be appropriate. For example, consider the extreme case of a plume

approaching a vertical surface: a short distance upwind of the
vertical surface, the effects of ground reflection on the peak
conpentrations which occur along the plume axis may be minimal.
However, when the plume impacts the vertical surface, the conventional
reflection algorithm doubles the plume axis concentrations over those
slightly upwind.

This conventional algorithm is inadequate in such a situation
because concentrations within a plume caﬁnot double over values that
exist immediately upwind: diffusion processes must always act to
dilute the maximum concentrations within a plume, and therefore, the
peak concentrations in the plume cannot increase simply by approaching

a surface. Such an increase would violate the second law of

2-16
4053D535-585

N .




thermodynamics, which states, in effect, that if the flow conserves
mass,lconcentrations cannot increase with increasing time of transport.

The principle that the peak concentrations within a plume cannot
increase with increasing travel time (assuming a constant emission
rate) provides a framework for estimating the maximum effect of
reflection for a plume approaching a terrain slope. The effect of
reflection is independent of dispersion in the crosswind direction.

If the flow is not systematically converging or diverging in the
region of interest, it is appropriate to consider the behavior of the
crosswind integrated concentration values as a plume approachés a
terrain slope.

Figure 2-1 illustrates a vertical cross-section of a plume
approaching a terrain slope. In the absence of the surface, the
maximuq crosswind integrated concentration (MCWI) within the plume
will occur at the plume axis and will continuously decrease with
downwind distance (solid line). An overestimate of the effect of
reflection can be made by calculating the maximum crosswind integrated
concentration as a function of downwind distance (denoted by MCWI(x)),
assuming full reflection from the terrain surface below the plume. As
a conservative approach, the model assumes that the plume trajectory
is unaltered by the presence of the terrain. For sufficiently steep
slopes, the MCWI(x) so calculated will reach a minimum value upwind of
the impact location (x = xo) and will increase with further distance
downwind (dotted line). This increase is prohibited, however, as
discussed above, by the second law of thermodynamics. Therefore, this

minimoum value of the MCWI(X) provides a value that cannot be exceeded
further downwind'(i.e., at the point of impact). The ratio of this
minimum value of the MCWI(x) to the CWI at the location of impact or
the closest plume approach to-the terrain (x = xo) evaluated for the
Plume centerline in the absence of the terrain effects is called R,
the reflection factor. This value of R depends on the given slope of
the terrain and the plume growth rate. The estimate of MCWI(x) must
consider that the maximum concentration within the plume is not
necessarily at the original position of plume centerline: as
reflection effects become mofe important, the maximum approaches the

surface.
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From the Gaussian piume formula and assuming full reflection
effect from the terrain immediately below, CWI(x,z) can be calculated

from:
CWI(x,z) = (Q/u) « VDF (18)

To find MCWI(x), the maximum value of CWI(x,z) at each downwind
location must be determined. 1In practice, RTDM does not evaluate
reflection effects until the plume centerline is less than 2.15 o,
from the terrain surface (Turner, 1969, Chapter 3). From that point
on, the CWI(x,z) is calculated at between the ground and the plume
centerline at 5 height intervals. At each downwind distance, the
maximum CWI value (MCWI) is obtained. The MCWI is evaluated at 10 or
fewer downwind distance increments between the point where the plume
is within 2.15 °z of the surface and the location of the plume
impact or closest approach (or the receptor point in question, if it
is encountered first). The minimum value of MCWI is determined and
the reflection factor, R, is calculated as shown in Figure 2-1

(R = vZwe, . yewr).

RTDM incorporates this method to estimate the reflection factor.
The RTDM code currently sets a minimum value of 1.00 for R.
Ground-level concentrations are then determined by the smaller of (a)
the centerline concentration at the specified downwind distance, with
the calculated reflection factor or (b) the grbund-level concentration
with full reflection at the same downwind location. The value of VDF
N Equation 2 is set to the lesser of R/(J!?Ez) or the full
reflection value given by Equation’4. For receptors where the plume
encounters little or no terrain, the full reflection result will be

used by the model.
2.7 Buoyancy-Enhanced Dispersion

For strongly buoyant plumes, the dominant contributions to their
growth as they rise to stabilization height is often the entrainment
of ambient air induced by the vertical motion of the plume relative to
the ambient air. The buoyancy effect is supported by both the
photographic data and the theoretical considerations on whiqh the
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turbulence (ay;), buoyancy—enhance& dispersion (oyb) and
horizontal wind shear (ays) is
2 2 2 1/2

°y = (ay8 + °yb + dys) (21)

Meteorological data used to compute horizontal wind shear
involves two levels of wind direction measurements. These levels
should be as close to plume height as possible. The user should avoid
measurement heights that are either a) too low or b) too close
together (these could result in'an overestimate of the shear at the
plume level). This model feature is designed for use in refined

modeling applications, and is not included in screening modes.

2.9 Stack-Tip Downwash

The aerodynamic flow near the top of a stack can depress the
initial plume height by an amount that depends on the ratio of wind
speed to exit velocity. The subsequent rise computed by some methods
is that part of the rise occurring from x* to 3.5x*%, where x* is the
downwind distance at which ambient turbulence exceeds plume-penetrated
turbulence. Since. x* only depends on the buoyancy flux (see
Equation 5), and the jnitial plume depression is only a few meters at
most, the final plume height is essentially independent of the ratio
of wind speed to exit velocity in stack downwash conditions and is

abruptly discontinuous at the threshold ratio. A more realistic

__approach contains the following principél points:

1) The degree of downwash is a continuous function of wind
speed once a threshold value of the ratio of plume exit
velocity to wind speed at stack height is reached.

2) The loss of plume rise is associated with: (1) a physical

. downward displacement caused by the stack (after Briggs
1975) and (2) an increase of the plume cross sectional area

caused by downwash that reduces the initial rate of rise.

2-21
4053D535-585




Briggs (1975) gave the following expression for the initial
depression of the plume centerline (Ah') below stack top during

downwash conditions

bh' = 2(1.5 - ) D for g<1s (22)

where D is the stack diameter, W is the plume exit velocity, and U is
the horizontal wind speed. This equation suggests that the

initial depth of the plume under downwash conditions is 4(1.5 -
W/U)D. If the initial plume width is given by D, the initial cross
sectional area of the plume may be approximated by 4(1.5 - WIU)DZ.

The Briggs plume rise formulas incorporate the empirical evidence
that indicates that plume rise for a point source is equal to plume
deptﬁ. This is the basis for Briggs entrainment coefficient of 0.5.

A downwashing plume has an initial cross section, i.e., it can no
longer be considered to emanate from a point source. Since no rise is
associated with the initial plume depth, some means to reduce the
predicted plume rise correspondingly is desirable. Briggs'
observation of the equivalence between plume rise and plume depth may
be invoked to estimate the necessary correction. A non-downwashing
Plume from a virtual source upwind of the stack would rise a distance
Ah" during the time required to attain a cross sectional area of

4(1.5 -~ H/U)Dz. Assuming a circular cross section, Ah" can be

estimated from the diameter of this cross section, i.e.,

v 8 1/2
" - (222) - 22)
where
A =2(1.5 - W/U)D if W/u <1.5
A=0 if W/U > 1.5

Thus, the plume rise formula used in RTDM during downwash
conditions is given by:

Ah = Aho = Ah - Ah
2-22
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1/2 ~ -
= Ah -A-[w] (24)
(o] w .

where Aho is the plume rise without downwash.
Since this option affects final plume rise, it has an effect upon
other options, such as buoyancy enhancement of plume dimensions,

partial plume penetration, and behavior of the plume in terrain.

2.10 Plume Path Correction Near Terrain

To account for the possible distortion of the plume trajectory as
the plume approaches terrain, RTDM uses a "plume-path coefficient”, C,
to modify the height of the plume above the ground. The value of C
can conceivably range from 0, for a level plume, to 1 for a plume that
remains the same distance above the ground in all terrain. The
plume-path coefficient is set by default to 0.5 for all stabilities,
but it is a site-specific parameter which ideally would be determined
on the basis of meteorological conditions and terrain shape.

In stable cdnditions, the plume may not have enough kinetic
energy to climb over a terrain. obstacle. As discussed by Hunt et al.,
(1979), Snyder et al., (1979) and Rowe (1980), a critical height,
Hcrit’ can be defined such that only the air above this level will
move over a terrain feature. Plumes at or below this height will
impinge upon the terrain. Hcrit is defined as:

H = H_(1=Efl, (25)

crit

where

H is the height of the terrain obstacle (above stack base

elevation),

Fr is the Froude number = u/(HsI/Z); (26)
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u = the stack-top wind speed,
Ta = ambient temperature,
_& de
s =71 4z’ and
a
de . . .
iz = VPTG = vertical potential temperature gradient.

The computation of Froude number is simplified here by assuming
constent values for u and s between the stack top and the top of the
hill.

The value of VPTG used for calculations of Hcrit
different than the value of VPTG used for plume rise, due to the
different locations of the stack and the terrain obstacle. RTDM
allows the user to specify hourly values of these values of VPTG

may be

separately, if such data'are available.

In unstable and neutral conditons, Hcrit is zero. For stable
conditions, the air below Hcrit stagnates and moves around rather
than over a terrain obstacle. Air parcels just above Hcrit have
barely sufficient kinetic energy to reach the crest of the terrain.
Accordingly, the adjustment of the plume height above terrain is

formulated in RTDM as follows:

Ha =C e+ H c if plume height is less than or equal to local (27)
P terrain height,

Ha =H o (1-c) Htc if plume height is above local terrain

P height,
where

Ha is the adjusted plume height above local terfain,

H is the height of the plume above H .

pc crit

H is the height of the local terrain above H .

tc crit

c is specified plume path coefficient as a function of
stability class, set to zero on an hour-by-hour basis if
H < 0.
pc :

If the plume is above Hcrit and the receptor is below Hcrit’
the use of a nonzero value of C would resuit in the plume dropping
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below its final height at the receptor location because Htc is
negative. To avoid an artificial plume depression, RTDM assumes a
level plume (C = 0) for cases in which the plume is above HCrit and
the receptor is below H . .
erit .

Examples of the terrain adjustment in stable conditions are shown
in Figure 2-2. Default values for C are 0.5 for all stability classes.

To avoid an inconsistent adjustment of plume height and mixing

height, RTDM adjusts the mixing height zg in terrain as follows:

C (zi - Hcrit) if z, < local terrain height,

N
[
"

(z, - H

i crit) -1 - C)(Htc) if z;, > local terrain height (28)

N
e
"

where zi* is the adjusted mixing height.
If the hill height changes rapidly as a function of azimuth
relative to the source, Hcrit can vary rapidly as well. Therefore,

if sector averaging is used and changes in wind direction alter the
receptor position within the sector, caLculated concentrations will

change if Hcr‘ changes at the plume centerline. RTDM uses a

it
"unified” plume treatment (the central Hcrit applies for all

receptors), assuming that the plume is controlled by Hcrit along the
centerline until it gets close to the hill. In the absence of
turbulence measurements in the vicinity of terrain, the sector
averaging treatment accounts for increased lateral turbulence near the

terrain features that is not incorporated in the cy formulas.
2.11 Partial Plume Penetration of an Elevated Inversion

Most present Gaussian air quality models treat the stable
stratification above the mixing layer as either a perfect reflector or
perfect absorber of a rising plume. If the predicted final plume
height in a neutral atmosphere is higher than the mixing height, the
entire plume is assumed to penetrate the stable 1lid, thus not
contributing to ground-level concentrations. Otherwise, final plume
height is limited by the mixing depth and the plume is reflected at

that height. This binary mode of modeling of plume behavior is not a
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- very realistic approximation and in some cases can lead to serious
errors in concentration predictionms. . '

RTDM allows for the simulation of a more intermediate situation
with the selection of the partial plume penetration option. This is
based on the work of Briggs (1975), who proposed a more physically.
realistic approximation of plume interaction with the stable lid based
on solutions to the buoyancy flux equation for Q bent-over plume. The
lapse rate of the stable layer is accounted for in the Briggs scheme.

Briggs defines the fraction of the total plume mass to penetrate

the stable layer as the penetration factor

d
]

(depth of plume above zi)/(total plume depth)
(1.5 z, - zi)/(l.s z, - 0.5 ze) (29)

d
"

where z, is the height of the mixing 1id above stack height and z,
the equilibrium plume rise. The equilibrium plume rise is the height
at which the plume buoyancy flux, Fz, equals zero. The plume depth
(after Briggs [1969]) is assumed to equal the plume rise. The
parameter, s, is taken as a measure of the stability of the elevated

inversion:
s = g/T_*VPIG = constant in that layer.

For a neutral mixed layer, s = 0. During plume penetration, s is
not constant over the whole depth of the plume. The mathematics
dictate that for this case the magnitude of s at any given level in
the buoyancy flux equation is weighted by the total upward flow within
the plume at the level. Briggs assumes a simple rectangular
approximation as the weighting function of s, which is equivalent to
assuming a rectangular top-hat plume profile with a constant upward
velocity inside. '

Following Briggs and integrating through the traverse of z, by
the plume to find the centerline height at which Fz = 0, the result

is
ze 2 ze 2F Heff .4 .
z J\z |t - 2. 3\ M) 27 (30)
b b B Uszb
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1

where U is the constant horizontal wind speed determined at stack
height, Heff/u’ the ratio 6f the effective vertical momentum flux to
the internal vertical momentum of the plume, and B, the factor_that
when multiplied by plume rise yields the radius of an equivalent
circular plume. The value of B is assumed equal to 0.6. The
effective vertical momentum flux includes the effects of the air
displaced by the plume. On the basis of observations of streamlines
around two dimensional thermals, Briggs assumes Heffln has the value

2.25. The above equation can be rewritten as:

z z_ \ AN
Li\-(=e)\-(c-37]=0 (31)

This is now a cubic in (ze/zi), and the quantity (ze/zi) can
be solved by using the standard analytic solution. The plume
penetration factor is then calculated from (27).

After computing the penetration factor P, the multiply reflecting
Gaussian model equation is modified by multiplying the source emission
rate, Q, by the factor (1-P). If P 2 0.5 (ze > zi). then the:
final plume height is placed at the base of the stable layer for
computing the ground level concentrations caused by the non-
penetrating portion of the plume. If P > 0.5, then final plume
height is below z; and the usual Gaussian computations apply for the
(1-P) fraction of the plume. The portion of the plume predicted to

penetrate the stable layer, P, is ignored.
If the option for partial plume penetration is not selecéed,

either total penetration or no penetration is simulated. The plume is
assumed to completely penetrate the inversion if the plume centerline
height is greater than the mixing ﬁeight. With full penetration, the
penetration factor, P, is set to 1. If the plume centerline height is
less than the mixing height, then it is assumed thgt no penetration

occurs (P = 0). The use of the partial penetration algorithm does not

affect any plume rise calculations.
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The choice of a uniqﬁe VPTG for the elevated inversion is
required by RTDM. A value of 0.006 °K/m, suggested by Carson (1973) 1

and Tennekes (1973), is recommended.
2.12 Use of On-Site Values of Vertical Tempereture'Difference

RTDM will accept hourly values of the vertical potential
temperature gradient (VPTG) for use in computiﬁg plume rise and the
value of H rit These two values of VPTG need not be the same. For -
plume rise, measurements of AT near stack top are desired. For
Hcrlt' values obtained near the terrain of interest are useful. If $
neither value is supplied, stability-dependent default values are used
for each hour modeled. I

Measured values of AT from towers much shorter than the stacks i
to be modeled can lead to significant overestimates of VPTG, because
the most intense temperature gradients are found near the surface. l
For example, Egan et al. (1985) examined site data where a comparison .
of airborne vs. tower measurements was conducted. They found that ii
temperatures near the valley sides were cooler than those at the same
elevations at a location away from the valley walls, a
radiation-caused phenomenon. This led to overestimates of VPTG if a
single short tower were used, even on elevated terrain. Therefore,
AT data obtained from relatively short towers or from low heights

(less than perhaps 30 m) on meteorological towers should not be used.

2.13 Source/Receptor Relationships

RTDM allows the user to specify up to 35 point sources, which
must be co-located (or nearly so) with the same stack base height. ]
Sources that are not co-located can be run separately, and the |
resulting concentrations subsequently added by the postprocessor.

The steady-state assumption and dispersion coefficients used by

RTDM and other Gaussian air quality models are generally most valid

m——

for transport distances up to 15 km from a source. However, these

models can be applied for distances up to 50 im with caution (see ; I
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Guideline on Air Quality Models (Revised), 1986). Steady-state

Gaussian models such as RTDM are conservative at distances'beyond
50 km, and therefore may be used for screening purposes.

The user may specify any number of receptors up to a maximum of
400. These may be placed in any desired configuration and are
identified by their X and Y coordinates, usually given in UTM. (An
input factor exists to scale any input units to meters). 1It is
-important to realize that input limitations may affect receptor
specification. For instance, if input wind direction values are given
to the nearest 5°, the predicted concentration values are most
reliable at receptors placed on 5° radials from the source location.
However, if wind direction is input to every degree, any receptor

coordinates are reasonable.
2.14 .specification of Terrain Surrounding the Source Location

If the (recommended) partial reflection option is used, RTDM must
be informed of terrain heights and their downwind distances from the
source locations in each of 36 directions, 10° apart. RTDM chooses
the nearest multiple of 10° each hour from the wind direction data to
estimate the terrain profile experienced by the pPlume. The terrain
heights are obtained from a topographic map, as shown in Figure 2-3
and as tabulated in Figure 2-4.

The procedure used to select receptor heights should be
consistent with that for obtaining terrain profiles. If, for example,
the highest terrainalong a 10° &arc is used for specifying terrain

heights for rings of 36 receptors each, then the same procedure

(maximum on an arc) should be used to specify terrain profiles.

The recommended procedure for obtaining the terrain information

is as follows:

1) Start at a convenient elevation contour that is at or below
the lowest stack top, so that no plume impacts will occur at

or below this elevation.
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2) Determine the "hill top" elevation for each 10° radial. 1In
general, the highest terrain along the radial.on the
specific local hill (or hills) where concentrations are to
be predicted in each direction should be used. If some
receptors lie on a hill or hills in the lee of the closest
‘hill to the source, separate model runs are recommended for
receptor§ on the more distant hills if these lee hills are
higher than the first in elevation. This strategy assigns
the proper hill height to receptors on the first hill if the
first hill is run separately from higher hills behind it.

If a lee hill is shorter than the first hill, then the top
of the first hill should be used to define the "hill top"
elevation for both hills.

The user should keep in mind that RTDM has not been designed
or extensively tested for predicting concentrations in the
lee of hills closest to the source of interest. The
consideration of large downwind distances may involve a
series of terrain obstacles in a given direction. Flow
structures on the lee side of terrain obstacles are often
more complicated than that on the windward side.

3) Determine a convenient contour increment between the lowest
and highest elevationé (obtained from sﬁeps 1 and 2) such
that 19 or fewer increments span the interval between lowest

and highest elevations.
Example (see Figures 2=3, 2-4):

Stack-top elevation is 1165 feet, so choose 1100 feet as the
first contour. Highest contour of interest in any direction
is 3,000 feet. Choose 100 feet as the contour increment.

4) Along each of 36 directions about the source location (in
even multiples of 10 degrees), tabulate the downwind
distances in kilometers to each contour level to be
considered. 1In each direction, stop at the hill top,
determined as discussed above (see Figure 2-4). If the

terrain does not steadily increase away from the source in a
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given direction, then tabulate the closest distance of a
given contour level, and ignore successive occurrences of
that same level, searching instead for the closest distance
to the next highest contour of interest.

5) RTDM will .print a crude map (see Figure 2-5) of the terrain
that the user specifies, and will also denote the location
of any model receptors on the map. Check this map to verify
that the representation of terrain in the model is correct.
On the RTDM map, codes for some contours may be overwritten
in very steep terrain locations where two contours would
occupy the. same printing position.

6) IMPORTANT NOTE: It is necessary to specify terrain beyond
actual receptor locations until the hill top is reached so
that the hill height is accurately known. Terrain need not
be specified where no receptors exist. However,
off-centerline or sector averaging calculations require
terrain input for sectors adjacent to those where receptors
are located as well as those occupied by receptors.

2.15 Multiple-Hour Averages .

In both the casé—study and the seqﬁential modes, RTDM produces
hourly concentration values for each hour included in the input data
set. Concentrations for averaging times greater than one hour are
computed by the postprocessing program ANALYSIS (see Section 6). This
program uses the disk file of concentrations written by RTDM and can

create

1) n-hour non-overlapping averages (n from 1 to 24)
2) n-hour running averages (n from 1 to 24)

3) annual averages

as well as detailed output concerning peak concentrations. The
current version of the ANALYSIS postprocessor does not handle calm
winds in a special manner. However, use of on-site wind data rather
than airport wind data causes calm winds to be quite rare in most

cases.
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In summary, the ANALYSIS output may include:

1)

2)

3)

4)

5)

The X highest average concentrations at each receptor
together with day and hour of occurrence for n-hour
(non-overlapping) averages. '

The cumulative frequency distribution of n-hour
(non-overlapping) average concentrations at each receptor (n
can be as high as 24). Annual average concentration values
are also given.

Tabulation for each receptor of all n-hour (non-overlapping)
averages which exceed a specified concentration threshold.
The summary output includes a table by receptor of maximum
n-hour average concentrations.

The production of sequential concentrations of running
averages from an input concentration sequence. This
sequence can be processed to provide any of the statistics
described in 1-3 above for running averages.

The production of sequential concentrations that result from
adding concentrations'from 2 to 5 separate files (source
groups). These concentrations may be multiplied by a scale

factor before summing.
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3. MODEL INPUT DATA

3.1 Meteorological Data

RTDM reads a text file of meteorological data with each line in
the file representing one hour. Each line begins with year, Julian
day, and hour information. Any number of hours may be run, but RTDM
checks each line for chronological sequence. If the hourly sequence
is broken, a non-fatal warning message is printed.

Tﬁe format of each line in.the meteorological input file is
described in Table 3-1. Wind direction, wind speed, mixing height,
stability class, and ambient temperature values must be specified for
each hour. The other variables are optional and their inclusion
depends upon the availability of the on-site data involved and the
decision of the RTDM user concerning what model parameters to use.
Missing values should be specified as -999. in the input file. 1If a
missing value is encountered, the last non-missing value for that
parameter is used. 1Initial persistence values are specified by the
user in case the first hour is missing for a parameter. The initial
values are designed to be used to specify a constant value of any

parameter for the entire RTDM run (with all hourly values set

to -999.). It is recommended that the user replace missing data with
alternate values to prevent persistence of meteorological quantities

that normally change frequently throughout the day. An example of an
RTDM meteorological input file is shown in Figure 3-1.

3.2 Emissions Data

Hourly emissions data need not be supplied by the RTDM user if
constant stack emissions are to be modeled. The constant emissions
values are specified in the szcxs section of the RTDM input run
stream. If hourly emissions values are to be used, they must be input
for all stacks. However, since the initialized values are the
constant emissions values specified in the STACKS section, use of

-999, (missing) values for all hours for a stack reverts to constant

emissions for that stack.
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The format of each line in the emissions input file is described
in fable 3-2. Values of emissions, exit velocity, and stack gas
témperature must be supplied each hour. If a value is missing, the
previous good value is used. If the first hour is missing, the
constant value specified in the STACKS section is used.

One line per stack must be supplied each hour, in the order that
the_stacks are listed in the STACKS section. The times specified by
: the'meteorological and emissions input files must agree, or RTDM
signals a fatal runtime error. An example of an RTDM hourly emissions

file is shown in Figure 3-2.

3-4
4054D535-585



Parameter
Year
Julian Day
Hour

Emission rate of pollutant
Stack gas exit velocity

‘Stack gas temperature

TABLE 3-2
FORMAT* OF RTDM HOURLY EMISSIONS INPUT**

Columns

11-20
21-30

31-40

Comments

Last 2 digits (1982=82)
1-366

Time at end of hour (01-24)
g/sec

m/sec

°K

*Year, Julian Day, Hour in fixed point format; other variables

in floating point format.

*%One line per stack for each hour, in the order listed in the

STACKS section.



7636522 1000, 20. 370.

7636522 1500, 18, 380,
7636523 2000, 20, 370,
7636523 1500, 18, 380.
7636524 1000, 20, 370,
7636524 3000, 18, 380.
7636601 1000, 10, 370.
7636601 1500, 10, 380,
7636602 1000, 10, 370.
7636602 1500, 10, 380,
7636603 1000, 20, 420,
7636603 1500, 18, 420,
7636604 2000, 20, . 370,
7636604 3000, 18, . 380,
7636605 2000. 20. 370.
7636605  3000. 18, 380.
7636606 2000, 20, 370,
7636606 3000, 18, 380,
7636607 2000, 20, 370.
7636607 3000, 18, 380,
7636608 2000, 20, 370.
7636608 3000, 18, 380,
7636609 2000, 20, 370.
7636609  3000. 18, 380,
7636610 2000, 20, 370.
7636610 3000. 18, 380.
7636611 2000, 20, 370.
7636611 3000, 18, 380,
7636612 2000. 20, 370.
7636612 3000, 18, 380,
7636613 2000, 20, 370,
7636613 3000, 18, 380,
7636614 2000, 20, 370,
7636614 3000, 18, . 380,
7636615 2000, 20, 370.
7636615 3000, 18, ° 380,
7636616 2000, 20, __"370.
7636616 3000, 18, 380,
7636617 2000, 20, 370.
7636617 3000, 18. 380.
7636618 2000, 20, 370,
7636618 3000, 18, 380,
7636619 2000, 20, 370.
7636619 - 3000, 18, 380.
7636620 2000, 20, 370.
7636620 3000, 18, 380,
7636621 2000, 20, 370.
7636621 3000, 18, 380.
7636622 2000, 20, 370.

7636622 3000, i8, 380.

Figure 3-2 Sample RTDM Hourly Emissions File for Two Stacks



7636623

Figure 3-2 (Continued)
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2000, 20, 370,
7636623 3000. 18, 380,
7636624 2000, 20, 370.
7636624 3000. 18, 380.
7700101 1000, 10, 370.
7700101 1500, 10, 380.
7700102 1000. 10. 370.
7700102 1500, 10. 380,
7700103 1000, 20, 420,
7700103 1500. 18, 420,
7700104 2000, 20, 370.
7700104 3000, 18, 380,
7700105 2000, 20, 370,
7700105 3000, 18. 3s0,
7700106 2000, 20, 370.
7700106 3000, 18. 380,
7700107 2000. 20, 370.
7700107 3000. 18, 380,
7700108 2000. 20, 370.
7700108 3000, 18, 380,
7700109 2000, 20, 370,
7700109 3000, 18, 380,
7700110 2000, 20, 370,
7700110 . 3000, 18, 380,
7700111 2000, 20. 370,
7700111 3000, 18, 380,
7700112 2000, 20, 370.
7700112 3000. 18, 380,
7700113 2000, 20, 370.
7700113 3000, 18, 380,
7700114 2000, 20. 370.
7700114 3000. 18, 380.
7700115 2000, 20. ‘370,
7700115 3000. 18, 380,
7700116 2000, 20, 370,
7700116 3000. 18, 380,
7700117 2000, 20, 370.
7700117 3000, 18, 380,
7700118 2000, 20, 370,
7700118 3000, 18, 380,
7700119 2000, 20, 370,
7700119 3000, 18, 380.
7700120 2000, 20, 370,
- 7700120 3000. 18, 380.
7700121 2000, 20, 370.
7700121 3000, 18. 380,
7700122 2000, 20. 370,
7700122 3000. 18, 380,



4. USE OF PREPRO - A METEOROLOGICAL PREPROCESSOR
4.1 Input Requirements
Two input files are required:

FILE 1 - This is a binary meteorological file from the EPA
preprocessor RAMMET. This binary file has a header which
indicates the station and year for surface and upper air data.
This header is skipped when input into PREPRO, and the subsequent

data are read in the following sequence:

- Year
- Month
- Day .
- Stability Class each hour (24)
-  Wind speed each hour (24)
- ‘. Temperature each hour (24)
- - Wind direction each hour - not randomized (24)
- Wind direction each hour - randomized (24)
- Mixing height each hour:
Rural (24)
Urban (24)

FILE 2 - This is a 1-line user assembled text file containing the
following:

Columns 1-5: The number of days in FILE 1 to skip before processing
Columns 1-10: The number of days in FILE 1 to process into RTDM
input format

4.2 Output Description

The output file is in the format described for the RTDM
meteorological input file (see subsection 3.1). Rural mixing heights,
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rather than urban values, are used. Each day of the data in FILE 1 is
converted into 24 lines in the output file. The resulting output file
has the minimum number of input parameters necessary for running RTDM;

no optional values are supplied.
4.3 Computer Job Control Considerations

The input data is a binary meteorological data file which has
been processed by RAMMET. This input data is read in by PREPRO from
unit 2. The one-line user-assembled text file is read from unit 1.
The output file is written to unit 3.

On computers with disk file name assignments in the FORTRAN
"OPEN" commands, suggested file names associated with units 1, 2, and

3 are "PREPRO.IN", "@DATA", and "@LIST", respectively.

4-2
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5. USE OF RTDM

5.1 Inﬁut Run stre§m

The RTDM input run stream consists of several distinet sections,

in the following order of keywords:

PARAMETERS
STACKS
POINTS
TERRAIN
EXECUTE

Each of these sections encompasses one group of input data
necessary to define an RTDM run, and is identified by listing the
section name (i.e. PARAﬁETERs. STACKS, etc.) as the first line of the]
section. These section names are referred to as keywords. Each
section is concluded with a line containing only '99999' in columns
1-5.

Of the keywords, PARAMETERS must be specified first followed
by STACKS, POINTS, TERRAIN and EXECUTE, in that order. Table 5-1
contains a keyword summary. A sample input stream is shown in
Figure 5-1. '

5.1.1 PARAMETERS Keyword

The PARAHETERS keyword marks the beginning of that porfion of the
input stream which serves to override the default options and specify
specific program options to be used.

There are 25 parameter groups which may be specified by the
user. A parameter group need be included in the parameter package
only if the default value is not the one that thé user wishes to

select. The 25 parameter groups are listed in Téble 5-2.
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TABLE 5-1
SUMMARY OF KEYWORDS USED IN AN RTDM INPUT STREAM

PARAMETERS This keyword is used to override default values of
model constants and control parameters.

STACKS This keyword is used to describe the locations and
fixed physical characteristics of the point sources.

POINTS This keyword is used to describe receptor locations.

TERRAIN This keyword is used to input terrain height

information and distances of height contours from the
source location. If the partial reflection option is
not used, this keyword is still needed to define hill
height values for computation of Hgpit-

EXECUTE This keyword terminates the reading of the input run
stream and initiates program execution.



PARAMETERS

PR0OO3
PROO4
PRO22
PRO18
PRO19
PRO20
PRO21
PRO23

PRO25
99999
STACKS
600.
STK1
99999
POINTS

99999
TERRAIN
1100.
010

020

030

040

050

060

1.
10
1.

1.

1.
1.

1.

1.
22
1.

.°

.5

800.
121.92

' 603.16

602.75
603.46
600.53
600.64
600.80
600.85
600.96
601.09
601.31
601.43

601.61

601.84
603.59
603.70
603.89
603.93
603.96
603.98
603.99
604.00
604.03
604.04
603.35
598.10
596.53

100.
4.46

1.50
4.80
1.40

1.28
1.15

2.13
l.18

.17

22.5 '22.5

765.
5.0

801.61
799.90
799.41
800.63
800.76
800.96
801.01
801.14
801.30
801.56
801.70
801.92
802.19
804.27
804.40
804.63
804.68
804.72
804.74
804.76
804-77
804.80
. 804.82
793.70
798.23
799.26

4.78 '5.01

3.35 3.45
=999,
1.50 1.65

1.40 1.46
1.30 . 1.39
2.22 2.34
1.29 1.10

22.5

502
20.0

2782.
2430.
2520.
1100.
1200.
1300.
1400.
1500.
1600.
1700.
1800.
1900.
2000.
2100.
2200.
2300.
2400.
2500.
2600.
2700.
2800,
2900.
3000.
1631.
2440.
2440.

1.53

1.49
-999,
1'. 48

22.5  22.5

370. 1000.

WEST MT.
BRUSH MT.
WALKER MT.

TUMBLEDOWN MT.
BUNKER MT.
RECORD HILL
OLD TURK MT.

7.38 =999.

3.85 3.95 4.05
3.10 3.16 3.24
l1.61 1.74 1.88
1.60 1.69 1.75

1.58 1.69 1.80

Figure 5-1

' 5-3

4.20
3.31
1.98
1.82

1.94

4.60
3.50
2.72

1.94

4.70
=999,

=999,



070
086
090
100
110
120
130
140
150
160
170
180
130
200
210
220
230
240
‘250
260
270
280
290
300
310
320
330

340

2.58
1.25

1.41
2.59
1.64
3.08
1.99

- 3.09

2.02

2.21
6.73
2.75
=999,
1.22

1.11
1.08
1.01

0.81
4.79
0.79
=999,
0.68

0.71
2.62
0.82
5.58
1.05
2.84
1.05
2.68
1.00
2.30
1.00
2.56
1.03
2.26
1.09
1.97
1.16
3.34
1.28
3.33
1.46
3.98
1.65
8.65
2.18

6.23

=999.
1.47 .

1.58
-999,
1.75
-999,
2.09
3.18
2.28

2.41
6.85
5.47

1.29
1.19
1.15
1.12

1.04
4 c92
0.90

0.82

0.83
2.73
0.99
5.75
1.21
3.01
1.20
2.80

"~ l.23

2.45
1.11
2.63
1.16
2.49
1.22
2.10
1.28
3.50
1.41
3.96
1.60
4.08
1.85
-999,
2.97

6.42

1.60
1.70
1.88
2.18
3.29
2.40
2.52
7.07
5.62
6.70
1.24
1.21
l1.23
1.18
5.05
1.07

1.00

©1.03

=999,
1.25
6.05
1.48
3.17
1.41
2.91
1.31
2.57
1.27
2.73
1.28
2.61
1.34
3.50
1.43
3.65
1.60
4.03
1.75
4.20
2.00

4.42
6.58

1.72 1.87 2.03
1.87 2.00 2.12
1.99 2.09 2.20

2.30 .2.52 2.59
=-999.
2.52 2.63 2.72

2.63 5.75 5.90
=999,
5.92 6.01 6.70

6.80 6.90 7.00
1.29 1.32 -999.
1.28 1.38 1.42
1.34 1.48 1.53

1.38 1.51 1.66
-999 .
l.23 1.37 1.50

1.16 1.30 1.50
1.20 1.43 1.58

1.32 1.49 1.70
6.11 6.16 6.19
1.61 2.02 2.17
3.21 3.28 3.32
1.61 1.78 1.90
3.14 3.31 3.39
1.40 1.56 1.70
2.80 =999,

1.36 1.49 1.60
2.84 =999,

1.38 1.48 1.53
=-999.

1.43 1.54 1.63
3.58 3.70 =999.
1.57 1.67 1.76
3.79 3.90 4.05
1.74 1.89 2.10
4.17 =999.

1.90 2.90 3.04
8.25 8.35 =999,
3.12 3.36 3.49

4.61 4.78 -999.

=999,

Figure 5-1 (cont.)
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2.20
2.24
2.39
2.66
3.00
6.01
6.96

-999.

5.13
4.98
1.82
1.71
1.68
l1.81
2.04
6.21
2.28
7.42
2.04
3.45
1.86
1.78

1'. 66

1.71

l1.83
=999,
2.90
3.42

4.05

2.32
2.38
2.59
2.71
3;19
6.18

7.37

5.32
-999.
2.10
1.81
1.95
2.15
2.22
6.23
2.42
7.49
2.16
-9_99 .
1.97
2.09
1.73
1.76
1.98

3.01

2:47
2.44
2.76
2.81
3.55
6.30

7.48

2.23
1.91
2.52
2.30
2.50
6.27
2.54
-999,
2.38
2.08
2.27
1.88
1.82
2.13

3.16

=999,
2.49
2.9‘
2.95
-999,
6.50

7.79

=999,

2.31
2.01
-999.
2.52
2.86
6.29
2.67
2.52
2.17
2.45
2.09
1.89

3.26



350 ' 4.69 4.90 =-999.

360 4.31 6.80 =-999.
99999
EXECUTE :
220. 5.0 3000. 4. 68. 0.08 0.06 0.0 0.0 0.20 0.14 10.
ENDJOB :

Figure 5-1 (cont.)
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Parameter
Group No.

1

2

10

11

12

13

14

TABLE 5-2 5

LIST OF PARAMETER GROUPS INCLUDED IN RTDM

Parameter Group Description

Horizontal scale (# of meters per user unit)
Vertical scalé (# of meters per user -unit)
Wind speed scale (# of m/sec per user unit)

Anemometer heights for wind speed #1
(mandatory), wind speed {2 (optional), and a
switch determining the wind speed used for
plume dilution, and the height of the origin of
the wind speed profile

Default, stability-dependent wind speed profile
exponents

Switch determining type of stability-dependent
dispersion coefficients used (P-G, ASME or
user-supplied)

User-supplied y-component dispersion
coefficients

User-supplied z-component dispersion
coefficients

Switch for use of partial plume penetration

—option, and VPTG value to_be used for the

strength of the elevated inversion

Switch for use of buoyancy-enhanced dispersion,
plus value o used for determining its
magnitude: AH/a

switch for specifying unlimited mixing height
for stable conditions

Switch for use of transitional plume rise

Stability-dependent values of plume path
correction factor

Default, stability-dependent values of VPIG,
applies to stable conditions only



TABLE 5-2 (Continued)

Parameter
Group HNo. Parameter Group Description -

15 - Switch for use of stack-tip downwash'

16 ~ Switch for use of hourly Iy values

17 - Switch for use of hourly I, values

18 : sﬁitch for use of hourly VPTG values for
computing stable plume rise

19 " switeh for use of hourly VPTG values for
computing Hepit

20 Switch for use of horizontal wind shear to
improve calculations of ; specification of
coefficient for that calculation

21 - Switch for use of hourly wind speed profile
exponent values

22 Switch for use of partial reflection factor

23 " sSwitch for determination of the type of
horizontal averaging (sector averaged or
off-centerline); specification of
stability-dependent sector widths

24 Switch for use of hourly emissions data

25 . Switch for case-study printout

5-7



PARAMETERS Input Format

First Line - The keyword PARAMETERS, is placed in columns 1 to 10.

Successive Lines - The standard format has up to six data fields
on each line. The first line in each parameter group contains the
group name in the firs£ five (5) columns. .All group names are of the
form PRnnn, where nnn is a group number, from 00l to 025. Unless
otherwise noted, the parameter values are held in six fields per line,
floating point format, beginning in column 9. Parameter groups may be
input'in any order. ‘ '

The general format for a PARAMETERS input line is:

Columns Variable Format Meaning
1-5 PGNAM A2, 13 Parameter group names,

'*PRNNN' for the first card of
the group. Blank for
following cards.

9-16 VAR1 E8.0 First parameter value
17-24 VAR2 | E8.0 Second paraﬁeter value
25-32 | VAR3 E8.0 Third parameter value
33-40 VARE E8-0 Fourth parameter—value
41-48 VARS E8.0 Fifth parameter value -
49-56 VARG E8.0 Sixth parameter value

Input among parameter groups will differ in format, in general.
Any parameter group to be specified will require at least one line,

and more if there are more than six values to be specified. If a
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parameter group contains less than seven values, then only one line is
needed to characterize the new values. This is true for all except
the following parameters: fROO?, PROO8, PRO23.

If a parameter group contains more than six values, then more
than one line will be necessary to specify the group. This situation
exists with parameters PROO7, PROOB (10 lines each) and PR0O23
(2 lines). '

Parameter groups may ﬁot be partially input; if some data lines
from a group are omitted, results are unpredictable.

Table 5-3 contains a detailed description of the input format for
all parameter groups, as well as the default values for all
variables. Recommended choices for parameters for general use of RTDM

in a screening mode are described in Table 5-4.
Last Line

The PARAMETERS section is terminated by a standard 99999
delimiter. The 99999 must be placed in columns 1-5.
A sample PARAMETERS section is shown as part of Figure 5-1.

5.1.2 STACKS Keyword

The STACKS section is used to describe the dimensions and
emission characteristics of each input source. This keyword also
specifies the identity of the pollutant being considered in the model
run. Data required for the STACKS keyword include:

For all stacks:
1) the name of the pollutant whose dispersion is being

2° TSP).

2) the stack coordinates x, y (all must be co-located with a

simulated (e.g. SO

common stack base elevation).
3) the stack base elevation in user units
4) the stack height (m) '
5) the stack diameter (m)

5-9
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TABLE 5-4

RECOMMENDED RTDM PARAMETERS FOR GENERAL USE ("DEFAULT MODE")

Parameter
PROO1
PROO2
PROO3

PROO4

PROOS

PROO6"

PROO7 and PROOS

Recommendation
Application-specific
Application-specific
Application-specific

ZWIND1 (height of wind measurements): set to height
of anemometer above tower base.

ZWIND2 (height of a second anemometer): ignore; use
0.

IDILUTE: set to 1. Wind speed will be extrapolated
to plume height. ‘

ZA (effective displacement of meteorological tower

base above stack base elevation): set to 0.0 if the
elevation of the tower base is close to that of plant
grade or is in a flat area somewhat distant from the
site (e.g., at an airport). Nonzero values of ZA are

" possible: 1) Negative values for anemometers at

heights below plant grade or is "sheltered"”
locations; 2) Positive values for anemometers at
heights well above plant grade. Determination of
nonzero values of ZA must be done on a case-by-case
basis.

Stability-dependent wind speed profile exponents: if
no on-site or other relevant profile data are
available, use default values.

Stability-dependent dispersion parameters: use
default value (3, for ASME) if no on-site turbulence
data are available to supercede this selection. The
use of ASME (after Briggs) dispersion parameters as
default values is consistent with the use made of
turbulent intensity data in RTDM if such data were
available. This is because the functional dependence
of calculated sigmas with downwind distance that is
coded in RTDM, and which is used in the computation
of sigmas from turbulent intensity data, is based on

the Briggs curves.

Dispersion parameters: use defaults (these are
user-supplied default power law coefficients for
sigma-y and sigma-z and are ignored if PRO06 is set
to 3). '
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Parameter

PRO09
PRO10O

PRO11

PRO12

PRO13

PRO14

PRO15

PRO16

PRO17

PRO18

PRO19

TABLE 5-4 (continued)

Recommendation

Partial penetration: use default value of 0 (which
will bypass this option).

Buoyancy-induced dispersion: use default values
which will employ this option.

Unlimited mixing height: use default value of 1
which will specify an unlimited height for stable
conditions.

Transitional plume rise: use default value of 1
which will cause this feature to be used.

Stability-dependent values of the plume path
correction factor: use default values (0.5 for all
stability classes). 1In stable conditions, RTDM will

use 0.0 on an hourly basis if the plume is below the
critical dividing streamline height.

Stable vertical potential temperature gradient
values: use default values if data not available to
override.

Stack-tip downwash: set to 1 which will cause this
feature to be used.

Use of hourly turbulence intensity data, horizontal
components: set this option value to 0 if no I

(or og) data are available near stack-top heigh{.
Note: See caution in Section 2-5 concerning use of
on-site turbulence data.

Use of hourly turbulence intensity data, vertical
component: set this option value to 0 if no I (or
op) data are available near stack-top height.

Note: See caution in Section 2-5 concerning use of
on-site turbulence data. .

Use of hourly vertical potential temperature gradient
data for plume rise calculations: set to 0 if
vertical temperature difference data are not
available.

Note: See caution in Section 2-12 concerning use of
on-site VPTG data.

Use of hourly VPTG data for H.pjp computations:

set to 0 if vertical temperature difference data are
not available.

Note: See caution in Section 2-12 concerning use of
on-site VPTG data. :
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Parameter

PRO20

PRO21

PRO22

PRO23

PRO24

PRO25

TABLE S-4 (continued)

Recommendation

Use of hourly horizontal wind shear data: specify 0
if multiple levels of wind direction data are not

available. :
Note: See caution in Section 2.8 concerning use of

horizontal wind shear.

Use of hourly wind speed profile exponents: specify
0 if no data are available or 1 (use) if two or more
wind speed levels are available. This specification
requires user computation of hourly profile
exponents; details are provided in the RTDM manual
and must take into account the choice of ZA (PR004).

Use of the partial reflection algorithm: specify 1
which will cause this algorithm to be used.

Mode of horizontal distribution function: use an
option value of 2 (sector average distribution for
all stabilities) and use 22.5° for sector width if
PRO16 is set to 0 (no Iy data).

Use of hourly stack emissions data: application
specific.

Case-study printout: application specific.
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6) pollution emission rate (g/sec)
7) stack gas exit velocity (m/sec)
8) stack gas exit temperature (°K)

A maximum of 35 sources can be input to RTDM.

As described in Section 3.2, constant emission parameter values
specified in the STACKS section can be overriddeﬁ by use of hourly
emissions data. If hourly data exist for some stacks but not others,
the hourly values for the stacks with modeled constant emissions
should be set to -999. Intermittent missing values in the hourly data
are replaced by the last good hourly value.

STACKS Input Format

First Line - The keyword STACKS, is placed in columns 1 to 6.

Second Line - The common X, y, and base elevation coordinates of
all stacks are placed in columns 1-10, 11-20, and 21-30,
respectively. A 4-character pollutant name is left-justified in

columns 31-34.
Successive Lines - Specific stack information is included in one

line per stack, as follows:

Columns Data
1-4 Stack name
11-20 _ Stack height above common stack base, m
21-30 Stack top diameter, m
31-40 Stack gas exit velocity, m/sec
41-50 Stack gas temperature, °K

51-60 . Emission rate, g/sec

Last Line - The list of stacks characteristics is terminated by a
line with 99999 in columns 1 to 5.
An example of a STACKS section is shown as part of Figure 5-1.

5-15
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5.1.3 POINTS Keyword

Locations of receptor points are -specified in the POINTS
section. The'x, y, and elevation coordinates of the receptors are
input in user units. Up to 400 receptors may be used in a single RTDM
run,'apd they may be placed in an arﬁitrary geometric pattern. All

receptors are assumed to be at ground level.

POINTS Input Format

First Line - The keyword POINTS is placed in columns 1 to 6 of
this line.

Successive Lines -~ One line is allocated for each receptor
location.

The receptor data is specified as follows:

Columns Data

11-20 X coordinate, user units

21-30 y coordinate, user units

31-40 . elevation, user units

41-72 optional receptor name or code

Last Line ~ The list of receptor information is terminated by a
line with 99999 in columns 1 to S.
'An example of a POINTS section is shown as part of Figure 5-1.

5.1.4 TERRAIN Keyword

The TERRAIN section is used to inform RTDM of the local terrain
height in all directions from the source location. This keyword must
be used even if the partial reflection option is not employed in order
to define hill heights in all directions. If partial reflection is
used, RTDM must examine concentrations along the path of the plume
from the source to the receptor, and it is necessary to use

information about terrain heights along this path.
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The procedure used to obtain.the terrain heights is shown in
Figures 2-3 and 2-4. On a topographic map'that include§ the location
of the source and all surrounding terrain points of interest, radial
lines should be drawn from the source in each of 36 directions at 10°
intervals. The directions referred to in the figures follow
meteorological convention{'they are. the directions from which the wind
would blow to transport a plume from the source along the designated
radial. A minimum contour level should be selected that is slightly
lower than the lowest stack-top elevation. This selection insures
that all terrain for plume path calculations is input to RTDM. A
maximum hill height to be considered among all directions should be
selected to determine the maximum range between the highest and lowest
elevations to be specified. A convenient terrain contour interval is
then selected so that a total of 20 or fewer equally spaced elevations
(19 or fewer intervals) will span the elevation difference between the
minimum and maximum values to be specified. In the example shown in
Figures 2-3 and 2-4, an interval of 100 feet was chosen for a maximum
elevation span between 1100 and 3000 feet. The contour interval
should be chosen to make it easy for the user to find the location of
each contour on the map, starting at the minimum elevation.

stgrtins at the lowest contour interval common to all directions,
the RTDM user should recora.the distance in kilometers from the source
location to the contour line. The shortest distance to éach contour
is recorded if the contour is encountered more than once due to dips
in elevation along any radial. The user should ordinarily stop at the
econtour interval just below the-hill top in each-direction. RTDM-will-
assume that the tevrain slope of the last reported interval is similar
to the slope between the last contour and the actual top of the hill
if a model receptor is located above the last reported contour level.
If fewer than 20 terrain heights are referred to in any.direction, a
-999, value should be added after the last distance to a real terrain

contour.
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TERRAIN Input Format

First Line - The keyword TERRAIN is placed in columns 1 to 7 of
this line.

Second Line - The second line contains the elevation of the
starting contour (columns 1-10) and the contour increment (columns
11-20), both in user units.

Next 72 Lines - Each direction requires 2 lines of data, even if
not all contour increments are entered. The wind direction required.
to transport a plume to the terraih in questién (see Figure 2-3) is
specified in columns 1-3 of the first line, starting with 10°.
Downwind distances (km) to the first 10 contour heights are entered in
columns 11-17, 18-24, 25-31, ..., 74-80 (7 columns per value).
Downwind distances to the last 10 contour heights are entered in the
same coiumns of the second line. A -999. value signals that terrain
top has been reached, and all values beyond that‘point for that '
direction are ignored (the user should have that space blank).

Last Line - The last line should contain 99999 in columns 1 to 5.
An example of a TERRAIN section is shown as part of Figure 5-1.

5.1.5 EXECUTE Keyword

The EXECUTE keyword should be placed after the PARAMETERS,
STACKS, POINTS, and TERRAIN sections. RTDM starts to read the input
data—files—at—this-point—and-processes—each hour-of-data-until-an

end-of-file is encountered in the input data.

EXECUTE Input Format

First Line - The keyword EXECUTE is placed in columns 1-7 of this

line.

Second Line - The second line contains initial persistence values
for each meteorological input parameter. These values are used only
if the first hour(s) of data indicates a missing value for any

parameter. The format of each data item matches that described in

Section 3.1.
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Columns Initial Persistence Parameter

9-14 wind direction

15-20 wind speed (#1), user units

21-26 mixing height, m

27-32 gtability class

33-38 | ambient temperature, °F

39--44 turbulence intensity, y-component
45-50 . turbulence intensity, z-component
51-56 VPTG, plume rise (°C/m)

57-62 VPTG, Hcrit (°C/m) -

63-68 horizontal wind shear (deg/meter) )
69-74 wind speed profile exponent

75-80 alternate wind‘speed. user units

The RTDM user can force an input value to stay constant
throughout the entire run by inserting -999. for that value for each
hour in the meteorological input file. The value specified in the
EXECUTE section is then used for all hours modeled.

Optional Last Line - The user may insert a line with ENDJOB in

columns 1 to 6 as the last line in the input run stream.

5.2 RTDM Output

The information input by thHe USec in the PARAMETERS, STACKS,
POINTS and TERRAIN sections is displayed in the RTDM output. The
specifications of each of the 25 RTDM parameter groups is displayed,
whether altered by the user from the default values or not. All stack
" characteristics and receptor location information are also displayed.
The table of distances to terrain contours in each of 36 directiomns is
given. The terrain information is accompanied by a computer-plotted
map with letter codes for terrain contours, and specification of the
location of the source and receptors. An example of RTIDM output is
given in Figure 5-2.

" It is recommended that the user execute a short run with the

case-study output option employed prior to a long run with this
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printout option. The output of the short run can then be examined to
verify that all input data read by RIDM is correct.

For each hour processed, RTDM writes the input meteorology and
the receptor concentrations to a disk file. The ANALYSIS post-
processor reads this file and produces summary statistics (see Section
6). The user can also obtain printouts of plume characteristics and
plume-recéptor geometry for each hour by activating the verbose mode
(parameter group 25). An example of this printout is shown in
Figure 5-2. .

Errors made by the user in entering data in the PARAMETERS,
STACKS, POINTS, TERRAIN, or EXECUTE sections are identified by
self-explanatory error messages. In most cases, the errors are fatal

and the program execution terminates.
5.3 Computer Job Control Considerations
Several input/output files are involved in an RTDM run. They are

described below, along with suggested file names associated with

FORTRAN "OPEN" statements.

Unit # File Name File Description
5 "“"@DATA" Input run stream (see

Section 5.1)

6 "@LIST" Output file to be printed
(see Section 5.2)

9 "CONC.TP" Output disk file containing
receptor concentrations and
input meteorology for each
hour

7 "METFILE" Hourly meteorological data
(see Section 3.1)

8 “EMISFILE" Optional hourly emissions

data (see Section 3.2)

The RTDM program consists of 22 routines. The flow of the

program and routines involved in each step are described in Table 5-5.

5-26
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Routine Group

RIDM

BLKFIX, INPAR,
WRPAR

STACKS
POINTS

TERRAIN

RTXEQ

CONC

PRISE, PENETRATE

PSRCE

SIGMAY, SIGMAZ,
BRIGGS, PGYZ

_TABLE 5-5
FUNCTIONS OF RTDM ROUTINES

Descriptions of Functions

Main program; reads keywords and calls
subroutines

Sets defaults in parameter groups, reads
user-specified parameter values and prints
parameter settings

Reads and prints stack information

Reads and prints receptor information

Reads and prints terrain information, prints a
terrain receptor map.

Reads hourly meteorological and emissions data

Calculates hourly concentrations, calls several
subroutine groups listed below '

Computes plume rise, determines fraction of the
plume that penetrates the mixing 1id

Computes horizontal position of plume relative to
receptor

Calculates Oy, 02

VERT;—DOWNWD;—VDF—Determines—plume—behaviornear—terrain,—partial

reflection factor

WRCONC, PAGE, LINES Writes concentrations to disk file, creates file

for printout
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6. GUIDE TO THE USE OF THE POSTPROCESSOR PROGRAM - "ANALYSIS"

6.1 General Description

After RTDM is run, the resultant disk file of concentration
values can be processed by one or more of the subroutines in the

program ANALYSIS. The five subroutines are as follows:

Keyword Function
TOPVAL Displays, by receptor, the top

n-hour average concentrations
together with the day and hour of
occurrence.

CUMFREQ Reads a sequence of hourly
concentrations and tabulates the
average concentrations and
cumulative frequencies of n-hour
averages for each receptor.

PEAK ' Reads a sequence of hourly
concentrations and tabulates for
each receptor all '
(non-overlapping) n-hour averages
which exceed a specified ambient

air quality standard.

AVERAGES Reads—a—sequential—econcentration
data set and averages these
values, where "n" is any integer
greater than 1 up to 24. Results
are stored in a binary file as
running (overlapping) n-hour
averages.

SEQADD Reads up to 5 sequential

concentration files and adds

hourly concentrations from each.

A scale factor can be applied to

6-1
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each data set independently. The
hdurly sum is written to a new

concentration file.

6.2 TOPVAL
6.2.1 Description

The analytical tool TOPVAL.is used to display the highest average
concentrations which are predicted to occur at each receptor. The
number of tob values calculated is user-specified; however, the number
of receptors (NR) multiplied by the number of top concentration levels
(NM) must be < 2,500. For example, if concentrations were

calculafed at 250 receptors, then:

NM = 10

Thus, the maximum number of top values which can be specified in this
instance is ten. The number of receptors to be processed is
specified in the TOPVAL inpﬁt.

The averaging period for which TOPVAL calculates concentrations
is also user specified for any period of hours up to 24. TOPVAL will
then calculate blocks of n-hour average concentrations from the first
hour to-ﬁhe last, arrange these values from the highest to lowest for
each receptor, and display the concentrations with the corresponding
day and hour of occurrence. This day and hour specify the ending hour
of the time period. The first hour in the file is referenced as day
one and hour one. In addition, TOPVAL lists the 25 highest and
highest, second-highest concentrations over the entire field of

receptors.
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If desired, it is possible to process only the beginning segment
of the hourly concengratioﬁ file by using the variables DAYSIN and
HOURSIN. DAYSIN and HOURSIN are used to‘compute the hours to be

processed by the rule:
(hours processed) = 24 * DAYSIN + HOURSIN

For example, if only the highest concentrations for Julian days
1-100 are needed from a complete l-year disk file (which begins on the

first hour of January 1st), the following values should be used:
(hours processed) = 24 * (100) + 0 = 2400

If the averaging time does not divide evenly into the hours to be
processed, the program will automatically complete the period by
including the next available hours. If no following hours ére found,’
the program will end at the last complete time period and ignore the
remaining hours. The total number of prbcessed hours are printe§ on

the output.
6.2.2 Input Stream

This keyword requires 2 data lines.

Line 1:
LP (I5) '(Cols. 11-15): the number of hours in the
' averaging period.  If
omitted or 0, LP is set to 1.
NH (I5) (Cols. 16-20) the number of hours

represented by each record
of the input binary file
(default = 1).
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WM (I5)

(Cols. 21-25):

DAYSIN (F10.0) (Cols. 26-35):

HOURSIN (F10.0) (Cols. 36-45):

the number of topmost
aQerage values to be printed
for each receptor. NM must
always be specified and must
satisfy

. 0 < M and

NM*NR < 2,500
where NR is the number of
receptors.
the number of days to be
read (if omitted or 0, the
file is read from hour =1
to end-of-file). Defaults
to 0.
thé number of hours to be
read (if omitted or 0, the
file is read from hour =1
to the end-of-file).
Defaults to 0.

DAYSIN and HOURSIN are used to compute the hours to be processed by

the.rule:

(hours) = 24 * DAYSIN + HOURSIN.

If (hours) = O then

are 0.
Line 2:

NR (I10)

40580535—585

the file is read to

(Cols. 11-20):

efid—of-file. Default—values

the number of receptors to be
processed; must satisfy

1 < NR < 400
or program aborts (no default

value).



RFACT (F10.1) (Cols. 21-30): the factor to convert internal
concentration units (gm/m3)
to external units for printing
(default is for pg/m>).

See Figure 6-1 for example input.
6.2.3 Input Data

Input data for TOPVAL is composed of the sequential output of
RTDM which is stored on disk. TOPVAL will read this binary file using

unit 8.
6.2.4 Output

TOPVAL will.generate a table with one row for each receptor,
where each row represents an ordered sequence of the top NM average
values encountered in the file for that receptor. Below each top
value, the day and hour of occurrence are printed. The day and hour
represent the time of the last hour used in the printed average. The
first hour in the file is referenced as day one and hour one. See

Figure 6-2 for a sample output.
In the analysis program TOPVAL, this output is designated to a

specific output unit (IPUT). This unit is set to 6.

625 Diagnostics—

Four error messages are associated with TOPVAL. These messages

are:

"NR OUT OF RANGE" Indicates that the number of
user-specified receptors is < 1 or > 400.
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POST-PROCESSING ANALYSIS PROGRAM VERSION 2.30 LEVEL 851125

TOPVAL

Lp NH NM DAYSIN HOURIN

1 1 4 0. 0.

NR RFACT

30 1000000.

Figure 6-2 FExample of TOPVAL Output
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.POST-PROCESSING ANALYSIS PROGRAM VERSION 2.30 LEVEL 851125

TOP 4 CONCENTRATIONS OF 1-HOUR AVERAGES FOR 4. HOURS
RECEPTOR I TOP 1I TOoP 2I TOP 3 I TOP 4 I TOP
----------- e e s

1l I 103.9480 I .0018 I 0017 I .0000 I
DAY/HOUR I 1 4 I 1 11I 1 3 I 1 2 I.
----------- N TRPRPRIE ST DERESSR S AT

2 I 7.4715 I .0000 I .0000 I .0000 I
DAY/HOUR I 1 4 I 1 11I 1 3 I 0 0I
—————————— e S — SO —— fomm———————— fmmmm +

3 I 163.4984 I .0091 I .0001 I .0000 I
DAY/HOUR I 1 4 I 1 11I 1 3 I 1 2 I
----------- e s &

4 I 131.7615 I .0440 I 0046 I .0000 I
DAY/HOUR I 1 4 I 1 3 I 1 11I 1 2 I
----------- T T i Sttt T

5 I 27%9.1396 I 11.7389 I 2.9620 I .0131 I
DAY/HOUR I 1 4 I 1 2 I 1 3 I 1 11I
----------- T T T a5

6 I 253.2820 I .1103 I - .0304 I .0000 I
DAY/HOUR I 1 4 I 1 3 I 1 11I 1 2 I
----------- e R e s £

7 I 171.1372 I .0098 I .0010 I .0000 I
DAY/HOUR I 1 4 I 1 1TI 1 3 I 1 2 I
----------- e e e S e T

8 I 554.8120 I 252.9272 I 1.2858 I 0132 I
DAY/HOUR I 1 2 I 1l 4 I 1 3 I 1 11I
——————————— R R —tm———————— e P +

9 I 345.8530 I 39.0648 I .0000 I .0000 I
DAY/HOUR I 1 4 I 1 3 I 1 11I 1 2 I
----------- e

‘10 I 359.9045 I 74.2378 I .0000 I .0000 I
DAY/HOUR I 1 4 I 1 3 I 1 11I 1 2 I
----------- e e S s

11 I 322.7112 I 45.8592 I .0000 I .0000 I
DAY/HOUR I 1 4 I 1 3 I 1 11 1 2 I

12 I 356.3389 I 21.2265 I .0005 I .0000 I
DAY/HOUR I 1 4 I 1 3 I 1 11I 1 2 I
----------- e et X

13 I 337.1736 I 10.1307 I 6.4003 I .0043 I
DAY/HOUR I 1 4 I 1 2 I 1 3 I 1 11I
----------- e i TS S

14 I 303.9636 I 7.8294 I .0018 I .0017 I
DAY/HOUR I 1 4 I 1 3 I 1 2 I 1 1I
----------- T it 2 L S PO N SRR RS

15 I 314.2187 I 120.3929 I .0000 I .0006 I
DAY/HOUR I 1. 4 I 1 3 I 1 11I 0. 0TI
----------- B T

16 I 349.0750 I 110.2221 I .0000 I .0000 I
DAY/HOUR I 1 4 I 1 3 I 1 1 I 0 0I
----------- i ettt e o

Figure 6-2 (Continued)



POST-PROCESSING ANALYSIS PROGRAM VERSION 2.30 LEVEL 851125

TOP 4 CONCENTRATIONS OF 1-HOUR AVERAGES FOR 4. HOURS
RECEPTOR I TOP 1TI TOP 2 I ‘TOP 3 I TOP 4 I TOP
----------- e S S e T TP

17 I 329.5166 I 83.7689 I .0000 I .0000 I
DAY/HOUR I 1 4 I 1 3 I 1 1I 0 0I
----------- e s L S T

18 I 366.8562 I 85.3995 I .0000 I .0000 I
DAY/HOUR I 1 4 I 1 3 I 1 11I 0 0I
----------- e i S Tt SRS

19 I 303.7729 I 63.0033 I .0000 I .0000 I
DAY/HOUR I 1 4 I 1 3 I 1 1I 0 0I
----------- et e i St TS

20 I 187.7819 I 6.9033 I .0169 I .0007 I
DAY/HOUR I 1 4 I 1 3 I 1 1I 1 2 I
----------- e T T S

21 I 88.7205 I .0008 I .0000 I .0000 I
DAY/HOUR I 1 4 I 1 11I 1 3 I 0 0I
----------- e it LT TS

22 I 265.0759 I 1.1402 I .0202 I .0003 I
DAY/HOUR I 1 4 I 1 3 I 1 11I 1 2 I
----------- et ST IS

23 I 346.9060 I 106.5185 I .0000 I .0000 I
DAY/HOUR I 1 4 I 1 31I 1 11T 0 0I
----------- e R a sttt e LT SRR

24 I 193.8985 I 4.2444 I 0152 I .0000 I
DAY/HOUR I 1 4 I 1 3 I 1 11I 1 2 I
e YR e ——— e ——— tmmm——————— +
. 25 I .0000 I .0000 I .0000 I .0000 I
DAY/HOUR I o} oI 0 0I 0 0I 0 0I
----------- e R e T TSR

26 . I .0000 I .0000 I .0000 I .0000 I
DAY/HOUR T 0 0_T 0 0_I 0 0TI 0 0_I
----------- it i st T T IR

27 I .0000 I .0000 I .0000 I .0000 I
‘DAY /HOUR I 1 3 I 0 0I 0 0I o - 0I
----------- R s e ke L P

28 I .0032 I .0029 I .0000 I .0000 I
DAY/HOUR I 1 4 I 1 3 I 0 0I 0 0I
----------- e e et L IS

29 I .0000 I .0000 I .0000 I .0000 I
DAY/HOUR I 0 0I 0 0I 0 0I 0 01I
----------- e i LT SR SR

30 I .0000 I .0000 I .0000 I .0000 I
DAY/HOUR I o 0I 0 0I 0 0OI 0 0I
----------- e T s TP —

Figure 6-2 (Continued)
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POST-PROCESSING ANALYSIS PROGRAM VERSION 2.30 LEVEL 851125

TOP 25 HIGHEST AND SECOND-HIGHEST CONCENTRATIONS

HIGHEST : SECOND-HIGHEST
RANK RECEPTOR  CONCENTRATION RECEPTOR  CONCENTRATION
1 8 554.812 | 8 252.927
2 .18 366.856 15 120.393
3 10 1 359.905 ' 16 110.222
4 12 356.339 ' 23 106.519
5 16 349.075 ' 18 - 85.400
6 23 346.906 17 83.769
7 9 345.853 10 74.238
g | 13 337.174 19 63.003
9 17 329.517 11 45.859
10 11 ©322.711 9 39.065
11 15 314.219 12 21.226
12 14 303.964 5 11.739
13 19 1 303.773 13 '1o.131
14 5 279.140 14 7.829
15 - 22 265.076 20 6.903
16 ‘ 6 - 253.282 24 4.244
17 24 193.899 22 1.140
18 20 187.782 6 ' .110
19 7 171.137 4 -.044
20 3 163.498 7 .010
21 4 © 131.761 3 .009
22 1 103.948 8. ' .003
23 21 . 88.721 1 .002
24 2 _ 7.471 o 21 .001
25 28 .003 2 .000

Figure 6-2 (Continued)



“NM * NR OUT OF RANGE" Indicates that the number of
user specified top concentrations
requested is greater than

2,500

NR where NR = the number of receptors.

*TLLEGAL DATA LINE" 1Indicates an error was found in the TOPVAL
input stream.

"UNEXPECTED END OF CONCENTRAIION FILE" Indicates that a
premature end-of-file was found in the

binary-.concentration file.

6.3 CUMFREQ
6.3.1 Description

CUMFREQ can be used to tabulate the average concentrations and
cumulative frequencies of occurrence for any averaging period for each
receptor. A maximum of 400 receptors and 20 frequency levels can be
specified. Each frequency level which is input denotes an upper
bound, such that the program calculates the percentage of

concentrations less than or equal to that level.
The analysis also includes:
all remaining occurrences > NLEV (last)
1f desired, only the beginning of the input hourly concentration file
can be processed using the variables DAYSIN and HOURSIN. DAYSIN and
HOURSIN are used to compute the hours to be processed by the rule:
(hours processed) = 24 * DAYSIN + HOURSIN
It should be noted that the first hour in the hourly concentration

file is referenced as day one and hour one. (See example in

Section 6.2.1.) If the averaging time does not divide evenly into the

6-11
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hours to be processed, the program will automatically complete the

period by including the next available hours. If no following~hours'

are found, the program will end at the last complete time period and

ignore the remaining hours. The total number of processed hours are

printed on the output. ' The CUMFREQ program will also output average

concentration values for the user-specified averaging time period.

When a partia; concentration file is specified for analysis, the

concentrations are averaged for that portion of the file only.

6.3.2 Input Stream

Input:

This keyword requires a first input line and may have up to 5

additional lines.
Line 1:

HOURSIN (F10.0) (Cols. 21-30):

DAYSIN (F10.0) (Cols. 31-40):

the number of hours to be
read (if omitted or 0, the
file is read from hour =1
to end of file). Defaults
to O.

the number of days to be

‘read (if omitted or 0, the

file is rtead from hour =1
to end of file). Defaults
to 0.

DAYSIN and HOURSIN are used to compute the hours to be processed by

the rule:

(hours processed) = 24 * DAYSIN + HOURSIN

6-12
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If (hours) = O then the file is read to end of file. Default values

are 0.

RFACT (F10.0) (Cols. 51-60): the factor which converts
internal units (gm/ms) to
external units (which default
is pg/m;).~ The levels for
frequency tabulations must be
in these external units.

NHR (I10) (Cols. 61-70): the number of hours in the
averaging period (if omitted
or O, NHR = 1 is assumed).

NLEV (I5) (Cols. 71-75): the number of levels (where 0
< NLEV < 20). A zero
indicates that only averages

_ will be calculated.
NR (IS) (Cols. 75-80): the number of receptors must
) satisfy 1 < NR < 400.

Lines 2-5 (10X, 6F10.1):

' The next input line (and as many others as are needed) contain NLEV
levels, 6 per line, in the 10 column fields beginning in column 11 and
ignoring columns 71 to 80. See Figure 6-3 for a sample CUMFREQ

package.
6.3.3 Input Data
The input data for CUMFREQ is composed of the sequential output

from RTDM which is stored on disk. CUMFREQ will read this binary file

from unit 8.

6-13
4058D535-585



weails Indul JIAYAWND Jo a1dwexy ¢-9 aanbtg

068L9GVEZTO68LIGVECTO68LIGYEZTO68LISYEZTO068LIGVYEZTO68LIGYECTO68LI9GVEZTO68LIGYETT

- D —— = — G D GND GND GED D GND Smn mm Smn  SED GND SEP GNP G G SED SEP GNP GND G D GND GNP GND GND GND GUD  GND WD GRD GND GNP GRD GNP GNP SEP 6D G SED Gup S GNP GED GHD SN GND G GND GNP GED s S G G S S S @ == e -

66666
*00Ss *00c 00T
0t € T 0000001
OFIINND

068L9GVEZTO068LIGYEZTO68LIGYEZTO68BLIGYEZTO68LIGYEZTO68LIGYEZTO68LI9GVEZTO68LIGYEZT

6-14



6.3.4 Output

This keyword produces a table, by réceptor and level, giving the
observed frequency of occurrence as well as the cumulative frequency of
occurrence. The final column gives, by receptor, the average
concentrations for the entire time period analyzed. See Figure 6-4
for a sample of the output.

In the analysis program CUMFREQ, the output is designated to

unit 6.
6.3.5 Diagnostics
The error messages for CUMFREQ are as follows:

“NLEV OUT OF RANGE" Indicates that the number of
user-specified levels.is <0or
> 20.

“NR OUT OF RANGE" Indicates that the number of

. user-specified receptéps is <1

or > 400. |

"INPUT FILE TOO SHORT" Indicates that a premature
end-of-file was encountered in
the binary concentration file.

“FIRST DATA LINE FORMAT ERROR" Indicates that an error was found
in the CUMFREQ input stream.

6.4 PEAK
6.4.1 Description

The analysis program PEAK is used to read a sequence -of hourly
concentrationsf All non-overlapping n-hour averages which exceed a
specified ambient air quality threshold (e.g., standard) are tabulated
for each receptor. The output from PEAK presents a detailed breakdown

of concentrations for each hour contained in the averaging period

6-15
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POST-PROCESSING ANALYSIS PROGRAM " VERSION 2.30
CUMFREQ
HOURIN DAYSiN RFACT NHR NLEV NR
0. 0. 1000000. 1l 3 30

CUMULATIVE LEVELS:

100.0 200.0 500.0

Figure 6-4 Example of CUMFREQ Output
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POST-PROCESSING ANALYSIS PROGRAM

CUMULATIVE FREQUENCIES OF

LEVEL

1-HOUR AVERAGES FOR

VERSION 2.30

' LEVEL 851125

4. OBSERVATIONS

RECEPTOR I LEVEL I I LEVEL LEVEL IAVG:# OBS= I
I 100.0I 200.0I 500.0T *kkkkkkkkx] 4.0

e et tm—————————— b —————— e e +

1 I .7500 I - .2500 I .0000 I .0000 I .0000 I

CUM FREQ I .7500 I 1.0000 I 1.0000 I. 1.0000 I 25.9879 I
+= ——— + ———— et e ————— S e +

2 I 1.0000 I .0000 I .0000 I .0000 I .0000 I

CUM FREQ I 1.0000 I 1.0000 I 1.0000 I 1.0000 I 1.8679 I
tmmm e tmm—— - - e et tom——— e +

3 I .7500 I .2500 I .0000 I .0000 I .0000 I

CUM FREQ I .7500 I 1.0000 I 1.0000 I 1.0000 I  40.8769 I
e + - S L L EE S b ——— e +

4 I .7500 I .2500 I .0000 I .0000 I .0000 I

CUM FREQ I .7500 I 1.0000 I 1.0000 I 1.0000 I  32.9525 I
tomm e ———— = - e et e Ll tom————————— +

5 I .7500 I .0000 I .2500 I .0000 I .0000 I

CUM FREQ I .7500 I .7500 I 1.0000 I 1.0000 I  73.4634 I
C+- to——— e Y b to————— e +

6 I .7500 I .0000 I .2500 I .0000 I .0000 I

CUM FREQ I .7500 I .7500 I _1.0000 I 1.0000 I 63.3557 I
+ - + ——————— e o ——— e +

7 I .7500 I .2500 I .0000 I .0000 I .0000. I

CUM FREQ I .7500 I 1.0000 I 1.0000 I 1.0000 I  42.7870 I
e e ———— i ———— S b +

8 I .5000 I .0000 I .2500 I .2500 I .0000 I

CUM FREQ I .5000 I .. .5000 I .7500 I 1.0000 I 202.2595 I
e s e T L e e tomm = tom——— e +

9 I .7500 I .0000 I .2500 I .0000 I .0000 I

CUM FREQ I .7500 I .7500 I 1.0000 I 1.0000 I 96.2294 I
tom——— e ——— o ——— et L L LTt tomm = e et 5

10 I .7500 I .0000 I .2500 I .0000 I .0000 I

CUM FREQ I .7500 I .7500 I 1.0000 I r.0000 I 108.5356 I
tmmrccccaae— e a—— = = o o e fommomanoeoa=- +

11 I .7500 I .0000 I .2500 I .0000 I .0000 I
_CUM FREQ I  _.7500.I .7500.I  .1.0000 I  1.0000 I 92.1426 T
+ ST S e — o —— e ——— e — +

12 I .7500 I .0000 I .2500 I .0000 I .0000 I

CUM FREQ I .7500 I .7500 I 1.0000 I 1.0000 T 94.3915 I
e Y ittt T T e T LT S et +

13 I .7500 I .0000 I .2500 I .0000 I .0000 I

CUM FREQ I .7500 I .7500 I 1.0000 I 1.0000 I 88.4272 I
tommm e e ——— e i i —— +

14 I .7500 I .0000 I .2500 I .0000 I .0000 I

CUM FREQ I .7500 I .7500 I 1.0000 I 1.0000 I  77.9492 I
tommm e ——— tomm— e ——— e S Empmm e ———— +

15 I .5000 I .2500 I .2500 I .0000 I .0000 I

CUM FREQ I .5000 I .7500 I 1.0000 I 1.0000 I 108.6529 I
e e o a o e +

16 I .5000 I .2500 I .2500 I .0000 I .0000 I

- CUM FREQ I .5000 I .7500 I 1.0000 I 1.0000 I 114.8243 I
et tomm———————— L o tom——— e +

Figure 6-4 (Continued)
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POST-PROCESSING ANALYSIS PROGRAM

VERSION 2.30 LEVEL 851125
CUMULATIVE FREQUENCIES OF 1-HOUR AVERAGES FOR 4. OBSERVATIONS
RECEPTOR I LEVEL I LEVEL I LEVEL I LEVEL IAVG: # OBS=
' I 100.0I 200.0I " 500,01 *kdkkkdkkks] 4.0I
e e Tt e i D e tomm— e +
17 I +7500 I .0000 I .2500 I .0000 I - .0000 I
CUM FREQ I «7500 I .7500 I 1.0000 I 1.0000 I 103.3214 I
tmmm———— e e e —— tommm e ——e tmm————————— +
18 D ¢ «7500 I .0000 I .2500 I .0000 I .0000 I
CUM FREQ I .7500 I .7500 I 1.0000 I 1.0000 I 113.0639 I
tmm————— e e ettt Sl DL S tomm———————— tomm— e -t
19 I «7500 I .0000 I .2500 I .0000 I .0000 I
CUM FREQ I .7500 I .7500 I 1.0000 I 1.0000 I 91.6941 I
S - t=—— et e Y T tom————————— +
20 I .7500 I .2500 I .0000 I .0000 I .0000 I
CUM FREQ I +7500 I 1.0000 I 1.0000 I 1.0000 I 48.6757 I
e T tom—— e ——— R ettt e +
21 I 1.0000 I .0000 I .0000 I .0000 I .0000 I
CUM FREQ I 1.0000 I 1.0000 I 1.0000 I 1.0000I 22.1803 I
+== ‘ D S tm——————— e e +
22 I .7500 I .0000 I .2500 I .0000 I .0000 I
CUM FREQ I .7500 I .7500 I 1.0000 I 1.0000 I 66.5591 I
e T e e T T ittt L e e e +
23 I .5000 I .2500 I .2500 I .0000 I .0000 I
CUM FREQ I .5000 I .7500 I 1.0000 I 1.0000 I 113.3561 I
tommmm e to———m— e e e i e i +
24 ‘I .7500 I .2500 I .0000 I .0000 I .0000 I
CUM FREQ I .7500 I 1.0000 I 1.0000 I 1.0000 I 49.5396 I
Y et e et T e pm——— e e e e +
A 25 I 1.0000 I .0000 I - .0000 I .0000 I .0000 I
CUM FREQ I 1.0000 I 1.0000 I 1.0000 I 1.0000 I .0000 I
D ittt e e T S e ittt +
26 I 1.0000 I ~.0000 I .0000 I .0000 I .0000 I
_COM FREQ T  1.0000. T  1.0000-I _ 1.0000 I 1.0000 I 0000-I
tmmmm— e B ittt tmm——— e e e +
27 I 1.0000 I .0000 I .0000 I .0000 I .0000 I
CUM FREQ I 1.0000 I 1.0000 I 1.0000 I 1.0000 I .0000 I
' e T e T e T o —————— tommm———— e e DL L e +
28 I 1.0000 I .0000 I .0000 I .0000 I .0000 I
CUM FREQ I 1.0000 I 1.0000 I 1.0000 I 1.0000 I .0015 I
R tmm————— e tom——— e L to———— - +
. 29 I 1.0000 I .0000 I .0000 I .0000 I 0000 I
CUM FREQ I 1.0000 I 1.0000 I 1.0000 I . 1.0000 I 0000 I
e L L o ———— o —— - e P e +
30 I 1.0000 I. .0000 I .0000 I .0000 I .0000 I
CUM FREQ I 1.0000 I 1.0000 I 1.0000 I 1.0000 I .0000 I
S it o ———— tommm e ——— tmm——————— vt ———— e +

Figure 6-4 (Continued)
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along with the corresponding hourly weather conditions (wind direction
wind speed, mixing depth and stability). A table of maximum n-hour
concentrations and a table of threshold exceedances is also obtained.

Any thpeshold value (THR) greater than zero may be input. The
program will, thus, provide information for any average concentrations
equal to or exceeding the specified value. To limit output, the
threshold should be chosen with care. A value which is low in
relation to the averaged concentrations will result in massive output,
since the concentration and meteorological parameters are printed for
each hour in the averaged time period for each exceedance of the .
threshold.' As a screening tool for the determination of an
appropriate threshold value, the results from CUMFREQ can be used.

The output from CUMFREQ which is run with a corresponding averaging
period will present the frequency of concentrations at. or above a
specified level. 1In addition, the logical variable LPRINf in PEAK can
be set to FALSE which will produce only a summary of case-by-case
output.

The user may specify any hourly averaging period up to and
including 24. If desired, it is possible to process only the
beginning segment of the hourly concentration file by using the
variables DAYSIN and HOURSIN. DAYSIN and HOURSIN are used to compute

the hours to be processed by the rule:
(hours processed) = 24 * DAYSIN + HOURSIN

It -should—be—noted thatthe-first—hour-inthe-hourly concentration—
file is referenced as day one and hour one (see example in

Section 6.2.1). If the averaging time does not divide evenly into the
hours to be processed, the program will automatically complete the
period by including the next available hours. If no following hours
are found, the program will end at the last complete time period and

ignore the remaining hours.

6-19
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6.4.2 Input Stream

This keyword requires two data lines.

The alphabetic characters

in LPRINT and IUNITS must be left-justified. (See Figure 6-5.)

Line 1:

NHR (I5)

THR (F10.0)

HOURSIN (F10.0)

DAYSIN (F10.0)

NH (I10)

Line 2:

RFACT (F10.0)

UNITS (L4)

4058D535-~585

(Cols.

(Cols.

(Cols.

(Cols.

(Cols.

(Cols.

(Cols.

11-15):

16-25):

26-35):

36-45):

46-55):

11-20):

21-28):

6-20

Number of hours in the
averaging period; must
satisfy 1 < NHR < 24 (if
omitted or 0, NHR = 1 is
assumed) .

Threshold; must satisfy

THR 0. Defaults to O.
The number of hours to be
read (if omitted or 0, the
file is read from hour = 1
end-of-file). Defaults to 0.
The number of days to be
read (if omitted or 0, the
file is read from hour = 1
to EOF). Defaults to 0.
The number of hours
represented by each record

of the input binary file.

The factor to convert
internal concentrations for
printing. Default changes
gm/m3 to ug/ms.

Units for labeling.
Defaults to "uG/M**3"

Left justify.
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LPRINT (L10)

NR (I5)

SCALE (F10.0)

6.4.3 Input Data

(Cols. 31-40):

(Cols. 41-45):

(Cols. 46-55):

Logical variable to control
the amount of output. If it
is 'TRUE’', a detailed
breakdown for threshold
violations is obtained. 1If
'FALSE', a summary of
violations is obtained.
Default = TRUE. Left
Justify.

The number of receptors to
be processed; must satisfy

1 < NR £ 400 or program
aborts (no default value).
Scale factor for input
concentrations. Defaults to
1.0.

The input data for PEAK is composed of the sequential output from

RTDM which is stored on disk.

unit 8.

6.4.4 Output

PEAK will read this binary file from °

There are three formé of output:

° A detailed breakdown of concentrations, their averages, and

weather conditions for each receptor where the n-hour

average concentration exceeded the threshold.

° A tabulation of the maximum n-hour average concentrations

with the day and hour of occurrence for each receptor.

(Maximums are independent of the threshold level.)

o A tabulation of threshold exceedances of n-hour averages by

receptor.

4058D535-585

6-22



The tables of maximums and exceedances report predicted
concentrations by receptor. These values are arranged in rows each
containing 8 receptors in order of their input into RTDM. The first
row lists Eeceptors 1-8, the second row lists receptors 9-16, the
third row lists receptors 17-24, étc., up to the last receptor. See
Figure 6-6 for a sample of the output.

In the analysis program PEAK, the output is designated to unit 6.

6.4.5 Diagnostics

The error messages for PEAK are as follows:

"NR IS OUT OF RANGE" Indicates that the number of receptors
is < 1 or > 400.
"NHR IS OUT OF RANGE" Indicates that the user-specified number

of averaging hours is > 24 or < 1.

"THR IS OUT OF BOUNDS" Indicates that the user-specified

) threshold level is < 0.

*ILLEGAL DATA LINE" Indicates that an error was found in the
PEAK input stream.

“UNEXPECTED END OF FILE" Indicates that a premature end-of-file
was found in the binary concentration
file.

6.5 AVERAGES

6.5.1 Description

The analytical tool AVERAGES is applied to a binary RTDM
concentration file and results in a binary concentration file of
running averages for a user-specified hourly averaging period (maximum
of 24 hours). The maximum number of receptors processed by AVERAGES
is 400. The resulting file can be processed by the other
post-processing programs, such as CUMFREQ, TOPVAL, and PEAK.

6-23
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POST-PROCESSING ANALYSIS PROGRAM VERSION 2.30 LEVEL 851125

PEAK

NHR THR HOURIN DAYSIN NH

1 250. 0. 0. 1l
RFACT UNITS LPRINT NR SCALE
1000000. T 30 i

Figure 6-6. Example of PEAK Output
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PUDL=FOWVLLOOLNG ANALLIILS IINwWanaLs

250.0000 uG/M#*#*3

EXCEEDED AT DAY
x%%% CONCENTRATIONS (uG/M#**3 )

RECORD TOTAL MIX
1 554.8120 2140
MEAN 554.8120
250.0000 uG/M**3 EXCEEDED AT DAY
*x%%% CONCENTRATIONS (uG/M*#*3 )
RECORD TOTAL - MIX
1 279,1396 773
MEAN 279.1396
250.0000 uG/M**3 EXCEEDED AT DAY
*%%x%* CONCENTRATIONS (uG/M#**3 )
RECORD TOTAL MIX
1 253.2820 773
MEAN 253.2820
250.0000 uG/M**3 EXCEEDED AT DAY
*x%%% CONCENTRATIONS (uG/M**3 )
RECORD TOTAL MIX
1 252.9272 773
MEAN 252.9272
250.0000 uG/M**3 EXCEEDED AT DAY
x%%* CONCENTRATIONS (uG/M#**3 )
RECORD TOTAL MIX
1 345.8530 773
MEAN 345.8530
250.0000 uG/M**3 EXCEEDED AT DAY
*x%%x% CONCENTRATIONS (uG/M**3 )
RECORD TOTAL MIX
1 359.9045 773
MEAN 359.9045
250.0000 uG/M**3 EXCEEDED AT DAY
___ _k%k** CONCENTRATIONS (uG/M**3
RECORD TOTAL MIX
1 322.7112 773
MEAN 322.7112
250.0000 uG/M#**3 EXCEEDED AT DAY
*%%k* CONCENTRATIONS (uG/M#**3 )
RECORD TOTAL MIX
1 356.3389 773
MEAN 356.3389
250.0000 uG/M#**3 EXCEEDED AT DAY
*%%% CONCENTRATIONS (uG/M#**3 )
RECORD TOTAL MIX
1 337.1736 773
MEAN 337.1736
250.0000 uG/M**3 EXCEEDED AT DAY
x%%%* CONCENTRATIONS (uG/M*#*3 )
RECORD TOTAL MIX
1 303.9636 773
MEAN 303.9636

Figure 6-6

1 HOUR 2 AT RECEPTOR

WEATHER
DIR STAB SPD
190 4 13
1 HOUR 4 AT RECEPTOR
WEATHER '
DIR STAB SPD
210 2 1

1 HOUR 4 AT RECEPTOR
WEATHER
DIR STAB SPD
210 2 1l

1 HOUR 4 AT RECEPTOR
WEATHER
DIR STAB SPD
210 2 1l

1 HOUR 4 AT RECEPTOR

WEATHER
DIR STAB SPD
210 2 1
1 HOUR 4 AT RECEPTOR
WEATHER
DIR STAB SPD

210 - 2 1l

1 HOUR 4 AT RECEPTOR
WEATHER
DIR STAB SPD
210 2 1

1 HOUR 4 AT RECEPTOR

WEATHER
DIR STAB SPD
210 2 1l

-

1 HOUR 4 AT RECEPTOR
WEATHER
DIR STAB SPD

10

11

12

13

210 2 1
1 HOUR 4 AT RECEPTOR 14
WEATHER
DIR STAB SPD
210 2 1
(cont.)



POST-PROCESSING ANALYSIS PROGRAM

250.0000 UG/M**3
*%%* CONCENTRATIONS

RECORD TOTAL
1 314.2187
MEAN 314.2187

250.0000 uG/M=**3

*%%%* CONCENTRATIONS
RECORD . TOTAL

1 ~ 349.0750
MEAN 349.0750

250.0000 uG/M#**3
**%* CONCENTRATIONS

RECORD TOTAL
1l 329.5166
MEAN "329.5166

250.0000 uG/M*#*3
*%*%* CONCENTRATIONS

RECORD TOTAL
1 366.8562
MEAN 366.8562

250.0000 uG/M#*#*3

*%*%%* CONCENTRATIONS
RECORD TOTAL
1 303.7729
MEAN 303.7729
£
250.0000 uG/M*#*3
*#*%%* CONCENTRATIONS
RECORD TOTAL
1 - 265.0759
MEAN 265.0759

250.0000 uG/M**3
**%* CONCENTRATIONS

RECORD " TOTAL
1l 346.9060
MEAN 346.9060

EXCEEDED AT DAY
(UG/M**3 )
MIX
773
EXCEEDED AT DAY
(uG/M**3 )
MIX
773
EXCEEDED AT DAY
(UG/M**3 )
MIX
773
EXCEEDED AT DAY
(UG/M**3 )
MIX
773
EXCEEDED AT DAY
(UG/M#**3 )
MIX
773
EXCEEDED AT DAY
(UG/M**3 ) _
MIX
773
EXCEEDED AT DAY
(UG/M**3 )
MIX
773
Figure 6-6

VERSION 2.30
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LEVEL 851125

4 AT RECEPTOR 15

1 HOUR
WEATHER
DIR STAB SPD
210 2 1
1 HOUR 4 AT
WEATHER
DIR STAB SPD
210 2 1
"1 HOUR 4 AT
WEATHER
DIR STAB SPD
210 2 1
1 HOUR 4 AT
WEATHER
DIR STAB SPD
210 2 1
1 HOUR 4 AT
WEATHER
DIR STAB SPD
210 2 1
1 HOUR 4 AT
WEATHER
"DIR STAB SPD
210 2 1
1 HOUR 4 AT
WEATHER
DIR STAB SPD
210 2 1
(Continued)

RECEPTOR

RECEPTOR

RECEPTOR
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POST-PROCESSING ANALYSIS PROGRAM VERSION 2.30 LEVEL 851125

TOTAL MAXIMUM CONCENTRATIONS (uG/M#**3 ) FOR 4 ( 1-HOUR) AVERAGING PERIOD'

RECEP + 1+ 2+ 3+ 4  + 5 o+ 6 + 7 o+ I

------- tm———— + T e e S S
CONC ! 103.948!  7.471! 163.498! 131.761! 279.140! 253.282! 171.137! 554,

1
DAY/HR ! 1 4! 1l 4! 1 4! 1l 4! 1l 4! 1l 4! 1 4! 1l

CONC ! 345.853! 359.905! 322.711! 356.339! 337.174! 303.964! 314.219! 349.¢
!

DAY/HR 1 4! 1 4! 1 4! -1 4! 1 4! 1 4! 1 4! 1
RECEP + 17 + 18 + 19 + 20 + 21 + 22 + 23 + 21

------- —— —-—t—— + - t——— s st B e ittt
CONC ! 329.517! 366.856! 303.773! 187.782! 88.721! 265.076! 346.906! 193

DAY/HR ! 1 4! 1 4! 1 4! 1 4! 1 4! 1 4! 1 4! 1
RECEP + 25 + 26 + 27 + 28 + 29 + 30 +

------- L et e aattaee U e DL DL Lt DLttt s
CONC ! .000! .000! .000! .003! .000! .000!

DAY/HR ! 0 0! 0 o! 1 3! 1 4! 0 0! o o!

POST-PROCESSING ANALYSIS PROGRAM VERSION 2.30 LEVEL 851125
____ _ NUMBER OF 1-HOUR AVERAGES ABOVE  250.0000 uG/M#**3 FOR 4 HOURS

RECEPTORS : |

------- e e e ittt D e
1- 8! o ! o ! o ! o ! 1 ! 1 ! o !

------- R e D] Dttt Rt e LD B e bl Dbl Rt
9- 16! 1 ! 1 ! 1 ! 1 ! 1 ! 1 ! 1 !

------- e B el et e R R Stk
17- 24! 1 ! 1 ! 1 ! o ! o ! 1 ! 1 !

------- L e b et T B B e B E LD Ll R ettt
25- 30! o ! o ! o ! o ! o ! o !

------- e B D Dttt R e e L S EL S L S P LDy

Figure 6-6 (Continued)
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entries. Thus, a request for l-hour averaged values by the other
postprocessing programs will result in the proper retrieval of data
created by AVERAGES. The variables to specify partial files of data
(DAYSIN and HOURSIN) should also be manipulated as if each averaging
period used by AVERAGES is 1 hour in length.

The output from the postprocessing programs will indicate the
beginning rather than the last hour of each rﬁnning average
concentration. Ih‘the detailed output from PEAK, the meteorological
data and concentration levels listed for each threshold violation will
refer to the conditions which had occurred during the last hour of the
averaging period, although the hour listed is the first hour of the

averaging period.
6.5.6 Diagnostics
The error messages associated with AVERAGES are as follows:

"ILLEGAL CARD FORMAT FOR DATA"” Indicates that an error was found
, in the AVERAGES input stream.
"NUMBER OF HOURS TOO SMALL" Indicates that the user-specified
averaging period is <1.
"UNEXPECTED END OF FILE" Indicates that a premature
end-of-file was found in the

binary concentration file.
6.6 SEQADD
6.6.1 Description

The SEQADD keyword is used to scale concentrations from a single
concentration file, or to add the concentrations from up to 5 input
files to create a new file. Individual user-specified scale factors
are applied to the hourly concentrations from each file before the
results are added. The maximum member of receptors that can be

processed by SEQADD is 400. The newly created file can be used as

4058D535-585



input to other postprocessing
keywrods, such as CUMFREQ,
TOPVAL, PEAK, and AVERAGES.

6.6.2 Input Stream

The card image input required for the SEQADD after the "SEQADD"

keyword is as follows (see Figure 6-8 for an example):

Line 1 (free format):

N: The number of concentration files to be
scaled and added.
NRECP: The number of receptors in each fiel

(NOTE: each file must represent the same
receptors for the same time period).

Line 2 (free format):

SCALE(I), I=1,N: Scale factors for each respective file.
Concentrations are multiplied by the
scale factor for that file before being
added.

6.6.3 1Input Data

The input concentration data for SEQADD is comprised of from 1 to

5-output—files—from RTDM—These—files—areread viachannels 11

through 15.

6.6.4 Output

The input specifications to SEQADD are echoed in printed output.
A concentration file that results from scaling and adding the input

concentration data is written to unit 10.

§-31
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6.6.5 Processing of SEQADD Results
The new concentration file that results from the SEQADD run can

be used as input to any other ANALYSIS keyword, including SEQADD

itself. The file structure is the same as that of a concentration
file produced directly by RTDM.
6.6.6 Diagnostics

The possible error messages associated with SEQADD are as follows:

"FORMAT ERROR IN READING NUMBER Indicates non-integer data

OF FILES, RECEPTOR" found on the first input
line.
"FORMAT ERROR IN READING SCALE A non-numeric character was
FACTORS" encountered on the second

input line.

"# OF INPUT FILES NOT BETWEEN Correct the first value on
1 and 5" the first input line.

"{## OF RECEPTORS NOT BETWEEN Correct the second value on
1 AND 400: the first input line.

6.7 Compﬁter Job Control Considerations

For ANALYSIS, the input run stream file is associated with unit

——5, and the output with unit 6. For keywords PEAK, TOPVAL, and
CUMFREQ, unit 8 is associated with the disk file of concentrations to
be read (disk filename is "CONCFILE"). For keyword AVERAGES, unit 8
is associated with the concentration file to be read ("CONCFILEl") and
unit 9 is associated with the concentration file to be written

(" CONCFILE2")

6-33
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7. SAMPLE RTDM RUN

A sample run of RTDM that can be used to determine whether the
model has been properly installed on a user's computer system is shown
in this section. The meteorological input file consists of 2 cases
for each of 6 stability classes, and is shown in Figure 7-1. The
input run stream chosen for this example is shown in Figure 7-2.
Constant stack emissions are used, so an hourly emissions input file
is not read by RTDM in this example. The RTbH output (case-study
mode) is shown in Figure 7-3. Examples of postprocessor (ANALYSIS)
runs consistent with the éample RTDM run are shown in Figure 7-4,

using keywords TOPVAL, CUMFREQ, and PEAK.
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7636524
7636604
7636609
7636612
7636614
7636619
7700105
7700111
7700113
7700116
7700119
7700122

220.
220.
220.
220.
220.
220.
220.
220.
220.
220.
220.
220.

BN ENRFRWSNINDAENDWR
e o o o Jle s o o o o o
O00O0O00O0

OO O

3000.
1000.
3000.
700.
3000.
550.
1000.
450.
3000.
700.
2000.
650.

Figure 7-1

1.
2.

3.
3.
4.
4.
5.

6.
6.

0.22
0.22
0.16
0.16
0.11
0.11
0.08
0.08
0.06
0.06
0.04
0.04

0.20
0.20
0.12
0.12
0.08
0.08
0.06
0.06
0.03
0.03

0.016 0.006
0.016 0.04

RTDM Input Meteorology Used for Sample Run
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PARAMETERS

PROO3
PROO4
PRO22
PRO18
PRO19
PRO20
PRO21
PR0O23

PRO25
99999
STACKS
600.
STK1
99999
POINTS

99999
TERRAIN
1100.
010

020

030

040

050

060

1.

10.0

1.

1.

1.

1. .17

1.

1.

22.5 22.5 22.5

1.
800. 765.
121.92 5.0
603.16 801.61
602.75 799.90
603.46 799.41
600.53 800.63
600.64 800.76
600.80 800.96
600.85 801.01
600.96 801.14
601.09 801.30
601.31 801.56
601.43 801.70
601.61 801.92
601.84 802.19
603.59 804.27
603.70 804.40
603.89 804.63
603.93 804.68
603.96 . 804.72
603.98 804.74
603.99 804.76

—604.00  804.77
604.03 804.80
604.04 804.82
603.35 793.70
598.10 798.23
596.53 799.26
100.
4.46 4.78 5.01
1.50 3.35 3.45
4.80 -999,
1.40 1.50 1.65
1.28 1.40 1.46
1.15 1.30 1.39
2.13 2.22 2.34
1.18 1.29 1.40
Figure 7-2

0.

22.5

§02
20.0

2782.
2430.
2520.
1100.
1200.
1300.
1400.
1500.
1600.
1700.
1800.
1900.
2000.
2100.
2200.
2300.
2400.
2500.
2600.
2700.

2900.
3000.
1631.
2440.
2440.

1.53

1.49
=999,
1.48

22.5 22.5

370. 1000.

WEST MT.
BRUSH MT.
WALKER MT.

TUMBLEDOWN MT.
BUNKER MT.
RECORD HILL
OLD TURK MT.

l.61 1.74 1.88
1.60 1.69 1.75

1.58 l1.69 1.80

4.20
3.31
1.98
1.82

1.94

1.94

2.10

RTDM Input Run Stream Used for Sample Run
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070
080
090
100
110
120
130
140
150
160
170
180
190
200
210
220
230
240

250
260
270
280
290
300
310
320
330

340

2.58 -999.
1.25 ~1.47
1.41 1.58
2.59 =-999.
l1.64 1.75
3.08 =999,
1.99 2.09
3.09 . 3.18
2.02 2.28
2.21 2.41
6.73 6.85
2.75 5.47
=999,
1.22 1.29
1.11 1.19
1.08 1.15
1.01 1.12
0.81 1.04
4.79 4.92
0.79 0.90
=999,
0.68 0.82
0.71 0.83
2.62 2.73
0.82 0.99
5.58 5.75
1.05 1.21
. 2.84 3.01
1.05 1.20
2.68 2.80
—100—1+23
2.30 2.45
1.00 1.11
2.56 2.63
1.03 1.16
2.26 2.49
1.09 1.22
1.97 2.10
1.16 1.28
3.34 3.50
1.28 1.41
3.33 3.96
1.46 1.60
3.98 4,08
1.65 1.85
8.65 =999,
2.18 2.97
6.23 6.42

1.60 1.72 1.87 2.03
1.70 1.87 2.00 2.12
1.88 1.99 2.09 2.20
2.18 2.30 2.52 2.59
3.29 -9990 °

2.40 2.52 2.63 2.72
2.52 2.63 5.75 5.90
7.07 -999.

5.62 5.92 6.01 6.70
6.70 6.80 6.90 7.00
1.24 1.29 1.32 -999.
1.21 1.28 1.38 1.42
1.23 1.34 1.48 1.53
1.18 1.38 1.51 1.66
5.05 =999,

1.07 1.23 1.37 -1.50
1.00 1.16 1.30 1.50
1.03 1.20 1.43 1.58
-999,

1.25 1.32 1.49 1.70
6.05 6.11 6.16 6.19
1.48 1.61 2.02 2.17
3,17 3.21 3.28 3.32
1.41 1.61 1.78 1.90
2.91  3.14 3.31 3.39
1:31—1:40 —1-56—1-70-
2.57 2.80 -999.

1.27 1.36 1.49 1.60
2.73 2.84 -999.

1.28 1.38 1.48 1.53
2.61 -999.

1.34 1.43 1.54 1.63
3.50 3.58 3.70 -999.
1.43 1.57 1.67 1.76
3.65 3.79 3.90 4.05
1.60 1.74 1.89 2.10
4.03 4.17 -999.

1.75 1.90 2.90 3.04
4.20 8.25 8.35 =999,
2.00 3.12 3.36 3.49
4.42 4.61 4.78 =999,
6.58 =999,

Figure 7-2 (cont.)
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2.47
2.44
2.76

2.81

6.30

7.48

2.23
1.91
2.52
2.30
2.50
6.27
2.54

=999,
2.38

-999.
2.49
2.94
2.95
=999,
6.50

7.79

=999,

2.52
2.86
6.29
2.67

2.52

1.86—1.97—2508—23517

2.20 2.32
2.24 2.38
2.39 2.59
2.66 2.71
3.00 3.19
6.01 6.18
6.90 7.37
‘=999,

5.13 5.32
4.98 =-999.
1.82 2.10
1.71 1.81
1.68 1.95
1.81 2.15
2.04 2.22
6.21 6.23
2.28 2.42
7.42 7.49
2.04 2.16
3.45 =999,
1.78 2.09
1.66 1.73
1.71 1.76
1.83 1.98
=-999.

2.90 3.01
3.42 3.59
4.05 4.20

2.27
1.88

1.82

2.45
2.09
1.89

3.26



350 4.69 4.90 =999,
360 4.31 6.80 =999,
99999
EXECUTE
220. 5.0 3000. 4. 68. 0.08 0.06
ENDJOB

Figure 7-2 (cont.)

o-o

0.20

0.14 10.



uny oTdwes woxy 3Indino WAL €-L 9anbra

COYLNIYd 49 I'IIM d8VD HOVA LI NOLLVWNHOJINI d3TIv.L3a  :520ud

CQHS JYV NOTLOES SHOVLS dIlL NI Q4I4ID4dS SIN'IVA INVLSNOD {4'IUV'ILVAV LON 34V VIVad SNOISSIW3 ATMNON  :pZodd
“U3sn S1 ONIOVYIAV HOLDIS ON {SHILI'IIEVLS TIN d04 GILNIWOD FHY SNOLLVULNIINOD INI'MALNID-IJd0 :E€Z0¥d
“NIVYYAL N1 avay OL Q4sn 39 LSNW NIVHHAL QHOMASN ‘a3sn ONI49 SI WHLI¥OS'IV NOILDA'HEY ‘INILUVA :ZZ0dd
‘Q3dIAOUd F¥V LNINOIXA ITIJ0¥d 443dS ANIM 4O SIN'INA AMNON  *[Z0Hd

L = .—.zmmuuhhmou. {X-VHOIS 40 NOIIVIAIWOOD NI a3asn SI ¥villS NOLLO3YIA nrmz t0Zoud

“LIUDH ONILNAWOD ¥0d Q3AIAOYd FYV SLNYIAVHD FYNLVY3IdWEL IVILNILOd TWOILMIA A'MNON 6 TO¥d

"3SIY IWN'K JTEVLS ONILNIWOOD ¥Od QIAIAOYd JYV SILNIIAVYD JUNLVYIdNIL TYILNILOd ‘TNOILHIA XTMNON :8T0dd
“Z-VWDIS NIVLE0 OL a3dsn SI SSV'D ALI'TIGVLS {Q3AIAO¥d LON J¥V SAN'IVA ALISNIINI FONITINGUNL LNINOAWOD-2 :LT0Hd
“A-VWOIS NI1VLE0 OL Q3sSn SI SSV'D ALINAVLS fd3AIAOYd LON JdV SANTVA ALISNILNI FHONI'INGYNL ININOIWOD-X :9T10ud
‘g3sft LON SI USVMNMOQ dIL-MOVLS :ST0¥d

0s€0° D0DOZO" (9 9 § S4SSV'D) -ISIY dWN'Id JTEVLS HO4 AISH SLNIIAVYD HUMIVYIAWAL ‘WIINILOd ‘WOILYIA LI0va3d :plodd
00S° 00S° 00S° 00S° 005" 00S° nWIH S3ISSV'D XALITIEVLS 403 m._._zmmumhhmou HIVd 3WNId  SET0Ud

°aisn SI1 3ISIY 3WN'd TVNOILISNVEL :ZTodd

SNOILIANOD 3TaVLS YOJ 43Sn LHOIIH ONIXIW GILIWIIND :TT0Y¥d

917t SI VHd'IN ¥3L3IWVivd fadsn SI NOISu3adSIida mr_...—m QIONVHNI-AONVAONG :010ud

‘a3sn ONIZE LON SI SAIT ONIXIW 40 NOILVMIANId 3WNd ‘IVILUVd :600YUd

*(Viva FONI'IOGUAL 3LIS-NO X9 AIDVIY SSI'INN) 6L6 T-3WSY/ VUMY SOOIYA JYV SINIIDIJII0D NOISHIASIA :900ud

000€" 000zZ* oo¥T° oozl* 0011 0060°
P (KXTIAILD3AS3Y ‘9-T) SSV'D ALITIBVLS 340 NOILONNA V SV SLNINOAXE m4~h4zm G33dds aNIM 1LINVa3aa :so0ud

000", = (JIVNIDIYO OL QINNSSVY SI F1140¥d QIS ANIM FHL FUIHM NOILYAIT 3SVE ¥OVLS IA0EV SUILAW NI LiHDIFN) vz
: (NOILNIIQ ¥YOJ IHDIAN FWNId OL AILVIOIVYIXT SI Z# A3‘T LV d3ddS 3IHL ANV
‘4SI¥ 3NN’ YOd LiiDIAN dOL-NOVLS OL d3aLVIOdVHIX3 SI T4 TA3T IV G3d4dS GNIM ‘Z 41
NOILNTIA H0J LHOIZH FWAM OL ANV 3SI¥ IWNK ¥O0Jd LUDIAN dOL-ADOVLS Ol a3aLVI0dViLX3d SI T# THA3T LV a3ddS aNIM °T 41
NOILN'IIAQ GNY 3SIY 3WAW Y04 43Sn SI--LHOIAH NOVLS LV--ad3ddS ANIM 3NO ‘0 al) 0 SI NOILJO a33dS ANIM NOILNTIA
WO SI (NOILATIA 3WNM O3 adsn) VZ JA0EVY LHOIEH ZT# YILIWOWIANVY ‘ITUVIIVAV 41

W 0°0T SI (4SI¥ 3IWNTd ¥Od adsn) vz JA0 LHOIGH (# HALIWOWANY :vy00ud

LINN ¥3Sn ¥3d D3S/W 000°T1 SI 3'NDOS Q33dS aNIM :e00ud
LINQ 43ISN ¥3d SHILIW SO€° SI 3'NIS "INOILY3IA :zooud

LINN ¥4SN ¥3d SHILIW 000°000T SI I'IVOS "INLNOZIYOH :T100ud

SYdLIWVEVd TAAONW

1 d0vd 0ETI98 TIA9°) Z° € NOlsuia ‘IJAOW NOLSNAdIa NIVHH4L HONOYW

7-6



(¢T Fo ¢ @bed) g¢-L Lanbra .

000-000T 000°0LE 000°0Z 000°S 0z6° 121 TALS T
{03s/9) 21vd NOISSIWI (M) dW3L MOVLS (D3AS/HW) WA LIXZ (W) ¥3rIwvia (W) LH MAOVLS  3WVYN 3d0D
Z0S SI LNVLINTI0d
SHALIN ZLI"FET 40 000°S9L SI (SLINN ¥3SN) S3IDYN0S T'IV 40 LUODIIi 3sva
SY3aL3IW (00°000008 ‘ 00°000009 ) HO

( 0oo°0n8 ‘ 00°009 ) SI {(SLIND ¥3Sn) SIDYNOS| TV A0 ILVNIAYOOD X ‘X

"sz.—.m—zzs_ AOVLS (3 TdaoW

[4 40vd 0ET198 'mIAd‘l .N.m NOISHIA 13004 NOISN4JIA NIVHYIL 1DH10¥

7-7



(¥T Fo ¢ °bed) ¢-, 2anbta

“Y0Ld303Y SIHL LV d3°'TIAOW SNOILVHULNIONOD 3ON3ILdNI AVW NOILO3 1434 ANV LNIWIONIAWI 3JWN‘1d ONINHIONOD SHWHIIHOD'W 'INIDIdS
°dOL AOVLS LS3MOT 3HL 20 ILVHIL NVHL NOILVAZ NI HIHOIH SI YOLd3D3Y SIHL e»

“IW NYOL 410 5»00°0V T 9Z°66L €5°96S 9T
TTIH QU003Y »500°0¥FZ €2°86L 01°86S 114
‘LW HAANNE +400°T1€9T 0L €6L SE°E09 ve
"LW NMOGITENOL »+00°000€ 78°v08 $0°v09 [X4
vs00° 0067 08°v08 €0° %09 (44

»s00°008 LL V08 00°v09 1z

»s00°00L2 9L°vo08 66°€09 14

++00°0092 ¥L V08 86°€09 61
»+00°00SZ Levos 96°€t09 81
+s00°00FC 89°v08 €6° €09 LT
++00°00€2 €9°v08 68°€09 91
++00°0027 ov-¥08 0L" €09 ST

+300°00T2 Lz vos 65°€09 [ A

++00°0002 61°208 ¥8°109 [

++00°006T t6° 108 19°109 (44

»s00°.0081 0L° 108 £v°109 148

»»00°00LT 95° 108 1€° 109 o1

++00°0091 0E° 108 60° 109 6

»300°00ST v1°108 96°009 8

»+00°00%T 10° 108 $8°009 L

»+00°00€T 96°008 08°009 9

»200°0021 9L°008 ¥9°009 S

00°00TT €9°008 €5°009 [ 4

LW YIN'TVM 4500°02SC Iv°66L 9% °€t09 €
LW USNUE »s00°0€VZ 06°66L SL°T09 [4
‘LW LS3IM 4400°28LC 19° 108 91°€t09 ¢

AWVN LHOI3H Qquo00-& ayoo0d-x ¥0L43034

$(SLINN ¥a5n NI SALVNIQYOOD T'IN) NOLLVWYOANI LNIOd ¥OLd3Ddd

|3 4Ovd NFIT98 'LiAd‘l "€ NOISHAA ‘HUOW NOLISNAJITd NIVHYIL HONOY

7-8



(vT 3o ¥ @beqg) g-L @2anbtg

08°9 TE°¢ 09¢
06"V 69°V 0SE
85°9 T¥°9 €T°9 ove
8L 19°F Tv°'v L6°T 8I1°C 0EE
§9°8 S5°8 ITh'v 0Z°¢ SO°F 6V°E 9€E°¢ TI'E 00°T S8BT G9°1 (143
GE°8 GT°8 0T°F BO'V 86°€t 06°t SL°E 6S°Ct TFV'E P¥0°€ 06°¢Z 06°T SL'T 09°T 9pv°I1 0TeE
LIy €0°F 96°t EE°E HT°E 9T°€ TO°€E 06°CT OI'Z 68" &L°T 09'T Tv°'T 8Z°1 00¢t
S0°% O06°t 6L°t S9°t O0S°E PE°€E 9Z°C €I°T 86°T €8°T 9L°T (L9°T (LS°'T €v°"T 8Z°T 91°T 062
OL°€ 86"t 06°€ O0TI°Z (6°T 68°T ZB°T YHL'T TL'T E€9°T #S° €EP°T PE'T ZTT°T 60°T1 08¢
19°CT 6b°T 9T°CT 60°CT 88°T €L°T 99°T .€S°T nv.ﬂ 8E°T 8Z°T 91°'T €0°T 0Lz
¥8°C €L°T €9°T 96°T Sv¥°T (LT°T 60°T 8L'T 09°1 av.w 9€°T LZT°T TI'T 00°T -092
08°C LS°T S¥°T O0€°T LI°T 80°T (L6°T 98°T OL°T 9§ 0P°T TE°T €T°T 00°T 0S¢
SY°E 6€°€ TIE'E PI°€ T6°T 08°T 89°T TS'T BE°T 9T1°T #0°C 06°T BL"t T9°T TIv"T 0Z°T 6O°T (1124
6p°L ZTp°L Tttt BTt TT°E LI'E T0°€t ¥8°T L9°Z ¥sS°T Zv'T 8Z°T LI'T T0° 19°T 8¥°1T 1TZ°T SO°T [11X4
6T°9 LT°9 ET°9 TT°9 AI°9 9T°9 TI°9 G0°9 SL°S BS°S 98°CT 0S°Z 2ZT°T ¥0°Z OL'T 6¥° TE'T ST'T 66" 8" 0zz
EL"T T9°T TS"T 0€°T STI°T 18°T 8S°T €v° 0Z°T €0°T ¢€8° 1" 01z
26°C S6°T 89°T 0S°T ot° 91°T 00°T 78° 89° 00Z
10°C T6°T T8°T TL°T 0S°T (L€°T €2°'T LO°T o06° 6L° 061
§0°S T6°y 6L°v TE°T €T°T O1°CZ TB°T 99°T 1S°[ B€I BI°T v0'T T18° L1: 3¢
86°v €S°T 8P ¥E'T €2°T ZI'T T10°1 0Lt
I1S°S Ze'S E€I°S TYV'I1 em.w 8Z°T T1T°T SI°T 80°T 091
(1% 6Z°T #T'T 61°T TIT°1 0sT
00°L 06° 08°9 0L°9 6ZT°T TT'T 0% 1
6L°L 8¥°L LE"L 06°9 0L°9 T0° T6°S T9°S L¥°S SL°¢ 0El
LO°L S8°9 €L°9 0S°9 0t°9 8I°9 T0°9 06°S SL° €9°C TS°T 1IvTz 1T 0zl
SS°t 61°t 00°t TL°Z €9°T TS'T ov'z 8Z°'T T0°¢C 01T
6Z°€ BI°€ 60°€ S6°C 1TIB8°T TL'T 99°C 6S°T TS°¢ O0E°Z BI°Z 60°T 66°T 00T
80°€ #6°T 9L°T 6S°C 6€°T 0T°C 60°T 66°T 88°T SL°T ¢9°T 06
6S°C 6%°T ¥v°T 8E°T vIT°T TI°C aQo° L8°T OL°T 8S°'T 1Ip°1 08
. Ly"z Te"T 0°CT €0z L8° TL'T 09°T Lv'T ST°'1 oL
8S°C #T°C O0T°CT ¢6°T 08°T .69°T 8S" 89°T OF°T 6Z°T 8I°T 09
PE°ZT TT°T E€I1°T 90°C ©v6°T TB'T SL°T 69°T 09° 6P°T 6€°T O0€E°T SI°T 0S
TL’T 86°T 88°T ¥L°T T9° €S°T 9%°T OF°'T 8Z°T : oy
0S°E TE°€t #T°t 91°t O1° 00°€t S9°T 0S°T O¥°I 0¢
. 08°% OL°v 09°%v o0ZT'Vv SO°¥ G6°t S8° SL°€E Sb°t SE°€ 0S°1 : 14
BE'L 00°L T0°S 8LV 9¥°% 01

1000€ ©006Z "008Z °“0NLZ °"NO9YT °“00SZ "NOYZ °"00EZ °"00ZZ "00TZ “000Z "006T °*008T "00LT *009T *00ST °*00FT "0OET °"00ZT "00TT "dYIa ANIM

SSLINA ¥3SA NI NOILVA3'T3

NOILO3YIA ANIM 40 NOILONNd ¥ SV SHNOLNOD NOILVAId OL dD4NO0S FHL WOHA (W) SHONVLISIA 40 F176Vi

$NOILVWYOJANI NIVHY3AL

4 aovd OETI98 ‘IIAGT Z°t NOIBY¥IA 'I4GON NOISNJIJIA NIVHHZL HONOH

7-9



(¢T 3o g @bed) g-L @anbra

o=
<
<00

[- AR N7

=
7
(L
-

00°000€
00°006C
00°0082
o0°0nteT
00°0092
00°00SZ
00°00%vZ
00°00€ET
00°o00ZZ
00° 00T
00° 0002
00°NORT
00°0081
00°00LT
00°009T
00°00S T
00°00%T
00°00€T
00°nnzl
00°00TT

-3

= -
(4]

B

<
X X3
<m0 W
<SRN X
a0 O~
auam~ =
< <o aOW & n ¢
7-10

< AUULU@MA & O 6
=

[ |

L
Lr ]

2101

dHrL 1

QauacagLLaVe
e ODOMOMC L
+

-
O 6
RN NSE

o
NnHUOALNO@

a4d»o

¢ﬂUDHI‘nU:H"J‘_]:ZOﬂt°_¢V}B
z -
8 E E K 3
o B g
Le I |
- NPYZIOZT VEn Tk
“« s m ) Cue G fao O Do O3 [ =]
am
[
-
I N-~N- - N4
PMZVWAULL
[ TR~ 2SN 4
RN

$3d0d 3
ANOLNOD

oa
wa
~F
x

-
(L]

1
W I qa
4
W ZE79¢S = AVHA ‘W BB°LIZL- = NIWA ‘H Ly 96€9 = XVHX ‘W 6L°2ZT9- = NIWX :(0°0) 3dD4NOS WOHd SIINVLSIA
?2.0&:09&mum=<ux¢-"muzzcmu-+.uAch<bmmwumzomh<>mammiozmn~2mbi~zzxm>omzomvmzmbkmdnz~<zzmhnm~m~ummm|xmm=mom<=



9 9bedg) g-, @anbrg

v 99€ 9L HNOHN/AVA/YVAEA DONIMO'I'IOS 3NL LV QILdNYYILNT NIIE SVH VIVG I0dNI|J0 3DNIN04S A'RNON  :DNINUVM
‘v8  L9°1 £0-38891S° £0-4988¥S° 0Z000° B°9RTI ¥°T/Z 6°/STI 9°2TG6T 09T ¥ TILZ T V80T 60 6GED 0L 086 ‘189 o00° 62°9 €2
"68  /9°T €0-30981S" €0-36B9¥S° 0Z000° S°ZAZT ¥ T/Z S°E€STZT E€°9¥6[ "96ST ¥°TLZ [ TBOT EL°$S9 o[- o086 *1s9 00° Le*9 e
“98  L9°T £0-3LATTS" €0-3N09YS" TZNOO" €°W/ZT $°TLZ 0°SYZT Z°VE6T °"SOBST ¥"TLZ Z°GLOT sa. 99 01°086 ‘0z9 o00° €2°9 12
‘98 1971 €0-301€ZS° €O0-3AFEFYS" TZ000° S°TITT $°TLZ T°TVTT Z°0€6T “1BST P ILZ T E€LOT 89 01°086 *06S 00° 12°9 02
“L8 L9°T €0-3GRYZS" FO0-J00TVS" T[Z000° €°L9TT ¥ TLZ 6°LETT 0°HZ6T °*9LST ¥ ILZ Z°0L0T oL 01°086 *65S 00" 61°9 61
‘g8 L9°1T €0-3¥T/TS° €0-3768ES° TZ000" B T9ZT #°[LZ T°TEZT 6°ST6T "89GT ¥ I[LZ T°990T ao. L 01°086 ‘62S 00° 91°9 8T
06 69°T £0-3¥BLES® €0-F0OLES" TZNOO0° 0°ZSTT ¥°TLZ T°TZZT 9°TO06T "9GST ¥ ILZ Z°6S0T €6°0€L 01°086 “g86y 00° 19 Lt
16 L9°T €0-ITV/ES" €0-3ATV/FS" TZN0O° S°6ETT ¥°[LTZ ¥°60ZT Z'€BBT °"6EST $°[LZ T°0S0T LI°9B¥L 01°086 ‘s89y 00° S0'9 9I
°L6 €9°1 °€0-3LB8YS” €0-3N6BVS" ZZ000" €°TBTT v TLZ B°6VTIT 9°L6LT "vOPT ¥°TLZ 8°LOOT v 19L 00" 086 “LEY 10°- SL°S SI
‘TOT 6S°T FO-36RZSS" €0-I68BZGS° FZ000° €°BYTT $°TLZ L°STTT 9°8%LT "0TVI ¥ ILZ € €86 S9°9LL 01°086 “LovY 10°- 8S°S b
“ZAT SO0°T €0-359099° €0-3AGY9LS" 7¥NO0° T°FE9 ¥ TLZ T°TLS 6°¥S6 °*BZL V°TILZ 6°¥SS 68°16L 0r°osé "9Le 00° 98°Z¢ €I
“Z6T ZO'T €0-I69ZTL" €0-F9IGETS" LV0OOO® 6°69S ¢ TLZ T°TOS 9°0S8 °BE9 V¥V TLZ 6°26V €1°L08 0r°o86 "9¥eE 00° 16°T Tt
€8T TO°T €0-37GTLL® €0-3VTOVPHP™ ZG000° 9°0TS ©°TLZ €°%bb $°L9L °99G ¥ TLZ T°Zhb LE“CTB 01°086 “SIE 00" (A AR 4
89T 00°T €0-3LZLT18° €0-3R0OLLE® 95000° S°68% P °TLZ b°10¥ B ETL °6TIS ¥°1LZ S°8O¥ 19°L€8 01°086 °68¢ o00° vo*z or1
"BET 00°Y €0-3AGRT6" FO0-30GLI9T" S9000° S°VEY V°TLZ €°6€E 6°ST9 °ZEY ®°TLZ T°SbE S8°¢SH 01°086 °‘ssZ 00° oL°'T 6
“TTT 00°T €0-3ZTL6B6° €0-3ZLY6T1" Z1000° T°€O0b ¥°TLZ 0°86C B°LSS °6LE ¥°TLZ 6°SOE 60°898 01°086 ‘vz 00" 6v°1T @
°98  00°T Z0-39fG0T° F€0-JE€98ET" B1000° 9°8LE $°TLZ 0°¢9Z O°TITIS °9€€ ¥ TLZ O°ELZ 88 01°086 “v61 00 Ze'l L
‘L 00°T TO-JETAOT" €0-IRETTIT° TAR000" 6°89t ¥ TLZ 6°6VT O0°Z6V °BIE #®°TLZ T°6S2 68 01°086 ‘€91 o00° sT'T 9
°GS  0N0°T ZO-3AFvFZI(" ©0-398S0L° B6000° Z°EZE 6°¥ST L°B6T T1°90v °BEZ 6°¥SZ S°BOZ 98 01°826 "E€ET 00" 66" S
*€S 00°T ZO-3ETFPI° ¢0-3B98SS" DZT00° L°BLZ 6°¥ZZ 9°¥9T T °EEE °“PLI 6°%ZZ T°WL1 8L e ees ‘¢otT o00° z8° v
°0 00°T €0-3N¥FZ6° €0-30PZSY" 00000° 9°EEY V°TLZ T°BEE €°VTI9 °“OEP $°TLZ T°pbE zL 01°086 "L0S LI*T- 69°T ¢
‘€6 LZT°T €0-399/TL° €0-399LTIL® 9T000° T°/0L ¥ TLZ 6°TG9 6°€LOT "T€8 ¥°TLZ 9°€Z9 L9 01°086 ‘619 6€°1- 9Z2°¢€ 1
(Exed ¥ (/1) (W/1) (W/1) (W) (W) (W) (w) (W) (w) (W) W) (W) (W) (W) (Wd) '
/90) YOIOVA yoLOVd ¥0LOVd 'MILOL XONE INIIGWY ‘NLOL HVAHS XONd INIIGWV NIVYE3IL X9 NIVNY3l 3svd X X D3y
*1S1d *LS1a *1s1a g3LOIUY0D IFYO0438  HOVLS
IHD TOILYIA TNOILY3AA  °ZIHOH Z-VHDIS K-VHOIS LH 3WNId  IH 3WNId JA08GV
NOILD3Li3d 'IWNOILNIANOCD Li
00" = "OVHd °N3d ‘W ST°TAOT = ISIY WNIJd OL FDNVLSIA ‘W B81°868 = ASI¥ TUNIJd ‘CysS/¥seW S VST = Xn'ld ‘23S/M SZ°T = doin
W 00° = LI¥DH ‘¥ 930 00°0LE = ANIL SVD MOVLS ‘O3S/W 00°0Z = ALIDOTIA LIXI ‘D3S/D 00°000T = SNOISSIWNI :T § HWOVLS
NN SIHL NI 03SN LON INANI "NOIDOIOUOILIW TUNOILJO LNISIUAIY SANIVA AIONLI «
+00°2 0n6o° 000T* 0000° 0000° »0002° »00Z2° ST* €62 1 ‘000¢ 00° T ‘oze
! (23s/HW) LNANOAX3 (W/93a) (W/¥ 53a) (W/¥ 953a) (2) (X) () SSV'D (W) (03S/M) NOILDI™IA
Z# Q33dS 3 11d0Yd VILIHL LI¥OH 3WNId  XLISNILNI ALISNIINI dW3L XLIfIIGVLS JIHOIGH T4 4a3ads aNIM
aNIM adsM vi13d 91dA ‘DLdA *NL “qNL dIv ONIXIW aNIM
bZ S9€ 9L :UNOH' ‘AvVa ‘YVIX T # ¥nOI-3Svd
.......... - L - —

‘aIsn SI (SSV'D ALITIAVLS JHL WOHd GINIVIHO) AN'WA LINV43IA IHL ‘SYILIWVHVA 4<ZO~PQO 404 VIVA ONISSIW SI Jy¥3ilL 41
L

°a3asn SI aN'IVA 400D SNOIAIY¥d FHL ‘SYILIWVIVA 3STil

d0 ANV 403 VLVA ONISSIW SI 3d3HL J1

"ONISSIK ST FUNLYHIdRAL INITGWY 41 dIAN'DNI SI ,G. V
‘ONISSIH SI SSVYTID ALI'11GVLS 41 Q3ANDNI SI b, V
‘ONISSIH SI LHOIYH ONIXIW 41 Q3ANDNI ST .f. V
‘ONISSIN SI 033dS ANIM JdI QIANTDNI SI WZu V
‘ONISSIN ST NOILDAWIA UNIM JI A3IANTONI ST L[ V
SSMO'T'IOL SV (JALNISddd S1 VILVA DNISSIW ¥0d Jd0D il
] q9vd 0ElT98 'IIA4L T € ZO—W=E> ‘LRIOR NOISNAA 10 NIVHHAL 19008

7-11



(yT 3o L °beg) €-L @aInbra

(ExsW W (Ww/1) (W/1) (W/T) (W) (W) (W) (W) (W) (W) (W) (W) (W) (W) (Wa) (W) ]
/9n) ¥yOoLOVd (e XA LTE | HOLOVY: 'NLOL  A0NY INAIGWV 'INLOL  HV4IS X0Nd LNALUWV NIVHYAL A€ NIVHY4lL dJsvd X X x|
*1s1a *Ls1a *LS10 adLndyuo) 3¥o438  ADVLS
§15) TVIILYIA WOTIMIA  CZTdol L-VWOLS K-VHOIS Lil 3HNd  LH W0 JA08V
NOTID3 43 ‘NNOTINIANOD Lit
00" = °DVHd °NAd ‘W GI°T60T = ISIY 'INNId OL 3ONVLSIA ‘W 9T°A0Y = 3SI¥ 'TUNIJ ‘EwssS/Pssk am.LmN = XN'l3  ‘D4S/W €£9°C = doin
W 00° = LI¥DH ¥ 93d 00°NLE = dWAL SVD NOVALS *D3AS/H 00°0Z = KLIDOTHA LIX3 *‘D3S/D 00°000T = SNOISSIWI :T § NOVLS
NNd SIHL NI d3sn LON LNANI ‘IVDIDOIOH0ALIW TTVNOILIO LNISIYA3I¥ SIN'IVA TIDONL »
#00° Y o0r11" ooz1-* 0000° 0000° «0021" »009T1° GI°€6Z t4 “noo¢ 00°2 *0ze
(D3as/w) IN3INOAX3: (W/53d) (W/¥ 53a) (W/d 9aa) (2) (X) (1) SSy (W) (D3S/W) NOILDAWIQ
Z4 43ads  371130ud VIIHL LI¥DH aNN‘1d  KLISNILNI KLISNALNI dW3l XLIIIEVLS  LODIIH T4 Q33dS anNim
aNTM adsM viTaa ‘DILdA 9LdA ‘L ‘guaL a1y . ONIXIHW aNImM
6 99€ 9L :UNOH ‘AvVa ‘uviX £ # YNOH-3SVD
6 99f 9. UNOH/XVA/YVAA ONIMOTIOI 3HL LV A3LJNYYIALNI N3IFE SVH VIVA LNANI 4O 2ONINDES XTINOH :ONINYVM
*06 €E€°T €0-3GB6TV" T0-999TST" 6Z000° 9°S9ZT ¥°6ET 6°LSTT B8°L9IET °TTB VH°6ET 1°¥80T PE°1BT 89°295 "189 00° 62°9 €T i
‘8¢ 9Z°T €0-3G066€° 20-FEZBYT" 6Z000° T TIZT ¥°6ET G €ESTT L°F9ET *618 #°6€T T°180T vE"TBZ 89°295 1S9 00° Lz'9 zt
*9p - 02°T €0-3LL1BE° Z0-396PHT" 6T000° 8°TSTT ¥ 6€T 0°SPZT L°GGET °v18 P$°6ET T°SLOT  vE"TBZ 89°295 °0Z9 00° €2°9 12
Gy 9T°T €0-3IVN69€" Z0-3AZBIVI® 6Z000" 0°0GTT ¥°6ET ZT°ZYZT 0°ESET °*TI8 ¥ 6ET T°ELOT VE"TBT 89°295 °065 00° 12°9 0T
*$p  EI°T €0-36F09€" Z0-3ZBBET* 0F£000° L°SPTT ¥ 6ET 6°LEZE 6°BVET 608 ¥ 6€T Z°0LOT  €0°€BT 89°295 °655 00" 61°9 61 nu
*26  ZE°T €0-3TLFZP® Z0-AS6SEI° 0F000° T°OVZT ¥ 6€T T°TETZT 9 EVEI “908 $°6ET Z°990T LZ°86T 89°29¢ °62S 00° 91°9 8T i
“Z6  ZE'T £0-3€T/ZP° TO-IRTEET" 0E000° T°0€ZT P°"6ET T°ZTTT T°¥fET °"66L V°6ET T°6S0T  TIS°ETE 89°795 °"86¢ 00° -9 Lt ~
€S  ZE'T €0-309TEP" ZO0-3VSOET* 0£000° ¥ LIZT ¥°6ET ¥°60ZT 6°TZEL °T6L ¥ 6€T T°0S0T GL°BZE 89°295 °89¢ 00" 50°9 91
66 ZE°T £0-3R9FGSP° Z0-366LZT° ZE000° Z°BSTT P°GET B8°6PTT 6°¥9ZT "TSL ¥ 6ET B°LOOT 66°EPE 89°295 °LEVY T0°- GL°S ST
*Z9 ZE°T €0-30€L9¥° ZO0-3IPSSZT" TE000° ¥ ¥ZLT P 6ET L°STIT ZT°ZEZT °"6ZL ¥ 6ET £°€86 €2°6S€ 89°296 °*LOv T0°- 8S°S ¥I1
*yTz Z€'T €0-3BEZ68° Z0-3ATPSZI® BS000° 8°88S ¥ °6ET T°ZLS G €89 °“PLE P °6ET 6°¥SS LY vLE 89°Z9S  °9.¢ 00° 98°Z €T
*ZLZ TE'T TO-ITOTOT® Z0-3ZARFZI" 99000° ZT°0ZS ¥°6ET I°TOS 1°809 °BZE ¥°6ET 6°Z6V TL°68¢€ 89°Z9S °"9¥E 00° 16 et
*8€€ ZE€°T Z0-3SAZTT° 7ZO-IFETZT* €L000° 9°G9% ¥ GET E€°F¥y 0°LPFS °06T P°6ET 1°Tv¥ S6° VOV 89°295 °STE 00° [4A AR |
“gLE TE°T 20-3ZNZZT° 20-3ZTLIT" 6/000° 9°0€v P 6ET ¥°/0v T°LOS °99Z P 6ET S°80F¥ 61°02% 89°29s °S8Z o00° v0'Z oL
“10v 9T°T Z0-3FT9ZT°® Z0-306L0T° Z6000° B8°99E V°6ET €°6CE E°€EY °TTZ V¥ 6ET 1°SHE €V SEY 89°295 °SST 00° oL't 6
*00y LO°T ZO-3LF6ZT* €0-3S86V6° £0TO00" 0°6Z€ U 6EY 0°86Z G°88€ °S6T ©°6ET 6°G0€E L9°0S¥ 89°295 "¥ZZ o00° 6T 8
*B9€ €0°T Z0-3IZTAEI" €0-36606L° ETTO0® 9°86Z ¥°6ET 0°¥9Z B8°ISE °"€ELT VP 6Ll 0°€LT 16°59% 89°295 °¥61 00° et L
“0€EC TO°T T0-3S0Z¥T° €0-AVEBLY™ ATIT00° T°98Z ¥ 6ET 6°6¥Z 9°9€E€ °€9T ¥ 6E€T T°6ST ST T8¢ 89°795 °€9T o00° sT°T 9
“GRZ 00°T Z0-3ZBL9T° €0-3G0B8LY" GYTIO00° 0°BEZ 6°0CT L°86T 8°VLZ °ZTTI 6°0ELT §°80T 89°69V 86°G€S °"€ET 00° 66° S
*ZiZ 00°T Z0-39€B6T1° €0-aVBLLE® 9LT00° T°TOZ G°STT 9°P9T Z°LZZ 68  S°STIT T°WLT yI°9€Y 61°L8¥y °zZOoT o00° 8" ¥
“0€  61°T €0-38TOTL° TO-AVZSPI° OT000° 9°L99 ¥ °6ET 6°TS9 ¥°89L LTV ¥ 6ET 9°€T9 vE 182 89°296 °ST9 6€£°1- 92°€ 1
(ExseW ¥ (w/1) (w/1) (W/1) (W) (W) (W) (W) (W) (W) (W) (W) (W) (W) (Wa) (W) [}
/on) - UOIOVd yolova dOLOVd 'NIOL AONE INIIGWV 'NILOL UHV3IS AONS LNIIGWY NIVYYIL Xd NIVYY3IL 3Jsva K X D3y
*1LS1a *1LS1a *1SIa a3aLodyHod 3JH043d HOVLS
 §i%) VO ILYAA TOLLYAA " zId0H Z-VHDIS X-VHOIS Lil 3NN LIl 3WNd Ja0av
NOILD3434 ‘TVNOIINIANOD n
00° = °*DVHMd °NAd ‘W S[°T6O0T = 3SI¥ "IWVNId OL ADNVLSIA ‘W 9L°0vy = 3ASI¥ ‘IUNId ‘EysS/PesW 65°ST = X0 ‘D3S/W v¥°T = dOLN
W 00° = LIMDH ‘¥ 53d 00°0LE = dH3L SVD XWLS ‘DIS/W 00°0Z = ALIDOTIA LIX3 ‘D3S/D 00°000T = SNOISSIWI :T & JOVLS
NOY SIHL NI ddSN LON LNANI ‘NDI900404LAW [TVNOILJO LNISI¥dI¥ SAN'NA A3IDONLd «
«00°9 nneo- - ooor1- 0000° 0000° +000Z° »0022° ST €62 1 “ooo01 00°€ ‘0ze
(H3S/W)  ANUNOAX3  (W/94a) (W/M 93a) (W/¥ Dia) (z) (x) - (1) sSSP (W) (0as/H) NOLLOIYIA
Z8 Q3ads  d11doyd VL4 HL LIudu dAN1d  KLISNILNT ALISNALNI  dWAl  ALI'TIGVLS  MiDI3H T4 4d3ds anNim
anNIM (1dSM VARK] 'DLdA 90dA "QuNL “gunL div J< ONIX1W aNIn
¥ 99€ 9L :dOOH ‘Ava ‘uvak z # MNOH-3SVD



(¢1 30 8 @bed) g¢~L @anbra

“LL 9Z°T €0-3900L9° TO-30NGLEZ" [E000° 1°0GL €°SOT L°Z¥L S°V/O0T "€€L E°SOT €°8LL 8E°L
13 12°T €0-3FTLV9" 7Z0-38G6ZZ° [LEO00° 8°9VL €°SOT €°6tL T"0/0T "0EL €°GOT ¥°SLL 8E°L
‘v 8I°T €0-3V9GE9° 70-I7RTZZ° BFO00° 6°0VL €°SOT €°FEL ¥ 7901 °"vZL €°SO[ E"0LL 8E° L
‘€8 NE"T €0-3T9/0L° ZTO0-3J9GPTIZ° BFO00° ZT°EEL €°S0T 9°6ZL 6°TSOT °"9IL €°SOT B°€9L BeE"L

SLVSY "6SS 00° RT°9 6T
SL VSV °6ZS 00° 91°9 8l
SL°vSh ‘a6vy o00° T1°9 Lt
SL°PSP "g9% o00° S0°9 91

L SZ°T €0-36PSTL" TO0-3/LL/0Z" O0OV000" B°L69 €°SOT 6°689 1T1°900[ "189 €°SOT 6°ZEL 90°9 SLbSY “LEY T0°- SL°S ST
“E6 SZ°T €0-36/9EL" ZO0-JGETOZ" T¥NOO" L°/L9 E°SOT ¥°699 6°6L6 °[99 €°SOI T°STL 0E"T SL VSV Loy 10°- 85°6 ¢I
“NZE GT°T TO-I/NAET" TO0-IATTE6T" /000" 0°6SE €°SOT Z°EVE ©°LES °“6EE €°SOT 9 €OV ¥s°9 SLovsh ‘9LE 00° 98°Z €I

"90% 6ZT°'T ZO-3fL9S[° T0-389Z8[° ©vRO00° 9°8[€ €°SOT L°00E T°LLVY °"L6T €°SOT S°8SE 8Ll
‘(8% 26°T TO-3RPTIZ® 70-30T69[° FRO00° 9°98Z €°SO[ 9°99Z 9°8ZF €9 €°SOT S'ICE Z0°L
“6Ly LE°T TO-3FYSOZ® 70-308FST° O00T00° T°99Z ¢€°SOT S°¥¥Z O0°L6E °T¥Z €°GOT T1°L6Z 9Z°2Z
“09% LI°T Zo-30fP0Z° Z0-3TN9ZI" BTII00° T°6ZZ €°SOT 9°€0T ¥°BEE °TOZ €°SOT 0°1ST 0S°L 6
10y 60°[ ZO-3v0ONIZ® €0-390¥B6° TET00° S°L0Z €°SOT B°BLYT 6°Z0¢ ~"LLT €°SOT b-zZzt vt 8
‘7ZE S0° [ ZO-396ATT" €O0-FGRAETL® 9VI00° Z°06T €°SOT ¥°BGT B°€LZ °9ST €°SOI S°B6T 86°L SL bSY "¥6T 00° [4 % QR A
ST Y0°T TO-3SPGTT" ¢€0-JLB9YS° IGTO0° T €8T €°SOI 0°0ST B°T19Z °“8vT €°SOT S°98T1 Tt SLTbSY €91 00" sT°U 9

S

14

¢

SL°bSP ‘9rt 00° 1s°¢ I
SLTySY *STE 00° er 1
SLTVSY °68Z 00° voZ oI
SL°YSY °§SZ 00° 0Lt
SL kSY ‘vz 00° 6v°1

MO MM MENNNNNNNNN

“8LT 00°T TO0-3/6/ST° €0-36AVOE° 8BT00° 6°VST 6°86 T°6IT TI°ZIZT “TIT 6°86 9°1ST 6Z°8 6S°VEY "EET 00" 66°
"GET 00°T Z0-3F/7Z0E° E0-JLTO6T° OEZ00° B°TEI T°LB B8°86 L°ELT T8 o 9°9z1 69°9bE SL°L6E "ZotT 00" 8°
‘ot 8E°T TO-ANFSET" T0-J90VSZ" G0000° 9°GO0F €°SOT B°T6€E €°G09 °LBE €°SOT S €SP BE°LET SLTPSY ‘G199 6€°T- 9T°¢

(EvsW ¥ (W/1) (W/1) (W/1) (W) (W) (W) (W) (W) (W) (W) (W) (W) (W) (W) (Wd) ]
/on) HOLOVd JyoLOVa 40L0Vd ‘NLOL XON9 LN3IIEWVY 'IVLOL . YVIHS X0ONY LNITGWV NIVHYEL Xd NIVY¥3l 3svd X X J3d
*LsIa *Ls1a “LSIda Q3LdFY¥0D 3Jy043d  NOVLS
I - TNOILYIA ©  ‘NOIRM3A *ZI1you Z-VHWOIS K-VWOIS IH 3WNd  LH 3WN71d JAodv
NOILO3143Y¥ "INNOILNIANOD LH

00° = °*OVMd °"N3d ‘W ST°TAROT = 3ISIY¥ 'UNIJ OL FONVLSIA ‘W €B8°ZEE = ASIY INI3d ‘CuuS/basM 65°V62Z = X014 ‘D3S/W €2°€ = doln
R 00° = LI¥DH ‘¥ 93Q 00°NLE = dW3AL SYD OVLS ‘DAS/W 00°0Z = XALIDOHA LIX3 °*DHS/D 00°000T = SNOISSIWI :[ # NOVIS

NNY SIHL NI @3sn LON LOANI "TNOIDODUYOILIN ‘NNOILIO LNISIUdIY SIANTVA QIO &

+00° L noTI -~ 00zt 0000° 0000° +00ZT1° «009T1° ST €62 ‘0oL 00"V ‘0Tz
(0as/w) ININOdX3 (W/93d) (W/3 o3a) (W/d Da3a) (2) (x) (1) SSN'DD (W) (03s/W) NOILD3MIQ
Z# 03ads  311130ud vidHL LI¥OH ANNId  XLISNIINI XLISNIINI dW3L XALITIGVLS LHUDIGH T4 d3ads aNTMm
aNIM adsm vi1da 914N ’DrdA “ENL “aynL dIv ONIXIW aNIM
TT 99¢€ 9L UNOH !“Ava ‘uvax ¥ § ¥NOH-3SVD

T 99€ 9L YNOU/AVA/YVIK ONIMOTIOI 3HL LV d3IANYYILNI N33Q SVH VIva LNINI 10 FONINOIS ARINOH  :ONINYYM
€T 88°T €£0-3LPTB6° €0-3LVTB6° €€000° L°S9L T1°62T L°¥SL B°ETIZT °“vI6 T1°6ZT v°80L ¥0°592 80°0€S *189 o00° 62°9 €2
"EZTU 88°1 €£0-36FPR6° FO-36FPB6° €E000° T°€9L T°6ZT 1°TSL 0°0T2T “T16 T1°62T1 T°98L $0°S9Z 80°0¢€S ‘189 00" Le"9 e
"GZI B88°T €0-30TN66° €0-30T066° €€£000° T°BGL T°6TT 0°L¥L -9°TOTT °v06 T1°6TT 6°18L v0°59C 80°0€ES “0Z9 o00° €T°9 12
*GZT 88°T £0-3T0766° €0-3T0Z66° EE000° ¥°9SL T°6TT €°S¥L T1°002T °"Z06 T1°62T1 S°0BL ¥0°59Z 80°0¢S *06S 00° 12°9 o2
°9Z1 98°T £0-386¥66° €0-386V66° €££000° 6°€SL T°6ZT L°TWL €°9611 668 T1°6TT €°8LL $0°59¢ 80°0¢tS °6sS 00° 61°9 61
“GZT 68°T £0-3vvv86° €0-3G56866° €E000° 6°0SL T°6TT €°6€EL ¥ T6TT G668 T1°6ZT1 b SLL 99°6/9Z 80°0€ES °6ZS 00° 91°9 A1
"RZT 98°1 €0-3S6L66° €0-3S6L66° VENOO" 9°bvL T°6TT €°t€L 9°TBIT °888 T1°621 €°0LL oa.omn 80°0€S "86v 00° 9y Lt
6ZT ¥8°T €0-379866° f£0-3T9866° PFNO0° O0°LEL T°6ZT 9°GZL € TLIT “6L8 1°6ZT 8°€9L P1°962 80°0¢tS ‘a9v o00° §0°9 91
“Ovl T8°T Z0o-3FNFOT" ZO-3FOEO[® 9€000° B8°TOL T°6ZT 6°689 L°ATIT °“G€B T°6ZT 6°ZEL BE°TIE B0°0ES “LEY T0°- SL°S ST
“SbI[ 8L°T ZOo=3¢fFv0L~ TO0-3VFHOT" LFNOO" B8°T189 T°6ZI $°699 9°880T °“TI8 T°62[ T°STL 29°9Z¢ 80°0¢€S Loy 10°- 86°S ¢T
"YEE 0T°T Z0-3Z/0tl° T0-J060VT° L9000° L°99E ([°6ZT Z°EVE G°€6S °91v T1°6Z1 9°E0V 98:1Tpe B80°0€ES ‘9LE 00° 98°Z €I
(A4
1t
01
6
8
L
9
S
14
T

“98€ ET°T[ ZO-3BELEY" TO-3ZYVET"™ 9/000° T°/ZTE 1°6ZT L°00€E 0°LZTS °“¥9E€ 1°6ZT S°8BSE 01" LSE 80°0¢€S ‘9ve 00° 16°¢
“T6E GO°T TO-3ZAOPT" TO0-IEZZTI" ©HAN00° Z°96C T°6ZT 9°99Z S €LY °fZE T1°6CT §°TZE vezLe 80°0€S "sTe 00° [ XAk
"FLE TO'T ZO-3APTLVI® ZO0-3ZNROT" T6NOO0" ¥°9LZ T°6CT S°vvZ B°0EP °96Z 1°6TT 1°L6C 8S°LB¢€ B80°0€S °G8C 00" vo°Z
TEE 00°T Z0-3ZT991° €0-36Z6T8° 90T00° T°TPZ (°6ZT 9°€0Z L ¥LE “LvZ 1°6ZT 0°1S2 8 zov B80°0€S °§ST 00° 0Lt
“0LZ 00°[ Zo-3fF0OTBI° €£0-3T0009° ATT00° 6°0ZZ (°6ZT B°8LYT T°9€E ~-LIT ([°6T1 ¥ 2Tl 90° 8TV 80°0€ES “vZZ 00° 6v° 1
GOZ 00°T Z0-392G61° €0-3RZZTY" TFT00° €°v0Z [°6Z1 ¥°A8ST L°VOE °Z6T T1°6ZI S°86T 0€° €EY 80°0€ES ‘v6T 00° [A 3
09T 00°T7 Z0-3v9T0Z° FO-3ZLAROE" LET00" 6°L6T T°6TI 0°0ST 8°T6Z °TBI [°6ZI S°881 vsTave 80°0¢s ‘€91 00° ST°I
100 00°T ZO-3T9VEZ" ¢0-3AFL9[° B9[00° 0°0LT €°IZT T°6IT B°9ET °9€l €°1ZT 9°1ISI SO0°6EY SE°S0S “EET 00° 66°

°t8 00°T Z0-400%LT° F0-39/S0(° 10Z00° 9°SYT O0°LO[ 8°86 ["E6T °66 0°L0T 9°92I( NA.Acv LT°09% "Z0T 00° 14: N

‘62 TI°T To-48180(° C0-39F/S[° /0000° S°Z1v [°6ZT7 B8 16E 8°899 °“viLb [°6TT S° €SP v0°59¢ 80°0€ES “ST9 6E°T- 92°€

7-13



MZAS
TLY
*091
AA¢
AV
“6v1
“TsT
“fST
‘991
“fFoT
“v6¢
*997
cLee
‘881
“IET
‘86

"L9

“Ly

“TE

K44

“Ev

{EusH
/90)

1D

“nL
*69
‘ve
“08

#00°P1

0nozr° -

(vT 3O 6 °bed) €-L =2anbtd

Ny SIHL NI QdSN LON LIANI ‘TVOLD0°I0H03LAW TVNOI.LAO LNISYUdIY SIAN'INA GIOOV'IY »

nost* 0000°

c0o0* +0080° +00TT1"° SI°E6Z € ‘0SS 00°L ‘o0zz
(03S/W)  LNYNOdXd  (W/93a) (W/% D3a) (W/d 5iqd) (z) (X) (1) SSVIL (W) (Dds/W) NOILDIWIA
T4 Q34ds  311304d viLanL L1udH dWn‘ld  ALISHILNI ALISNALNI  dW3L  XLITIEVLS  LHDI3H (4 4@33dsS aNIM
aNIM adsM™ viL13a ‘O9LdA '91dA ‘gunL ‘qdnL iy ONIXIH aNIM
61 99€ 9L :dnOH ‘Kva ‘uvaX 9 # HOOH-3SVD
6T 99€ 9L *UNOI/AVA/YV3X ONIMOTIOL FHL IV QILANYYILNI N334 SVH VLvd LNANI 3D 3ON3INOES A'TMNOH 3 ONINYVM
TE'T ZO-ANL9VT" TO0-I/ZTLI® TEO00° L LSE 6°GZT B°vEE €°SPZT "PTITT 6°GZT T1°2ZhS 00°09 00°02S "189 00° 62°9 €T
82°T ZO-3T9EPT° TO0-3IGVTLT® ZFNOO0° 6°9SE 6°GZT O°PEE T TVZT "OTIT 6°SZT S°OFS 00°09 00°0ZS 159 o00° 12°9 2T
61°T ZO-3RZFET* TO-36LTLT" TE000° ¥°SSE 6°STT ¥°ZEE T°CEZT “€OTT 6°STT 9°LES 0009 00°02S "0Z9 00° £€2°9 1T
60°T Z0-36¥ZTI" ZO0-FOATLT® TE000° 6°PSE 6°SZT B TEE S°0€ZT °00TT 6°STT 9°9¢€S 00°092 00°02S °06S 00° 19 o
6€0°T Z0-39/ZZ1° T0-3B0ZLT" €€000° T°¥SE 6°STT O°TEE ©°92TT "9601 6°STT T'SES 00°09, 00°0ZS  '65S 00° 61°9 61
60°T ZO-ATTEZ[* TO-3ATETLT® F£FNOO° T°FSE 6°STT 6°6ZE€ T°TZZT "T60T 6°SZT I"€ES 00°092 00°02S °6ZS 00° 91°9 81
60°T Z0-ISLEZTT® T0-3¥LBYT° €£000° €°TSE 6°SZT 0°8ZE L°TTZT °2BOT 6°STT 9°6ZS  .TB°OLZ 00°0ZS  °86¢ 00° 11°9 (1t
60°T Z0-3!1SVZT* <TO0-30VFIT" EE000° 0°6¥E 6°STT S°STE GS°66TT "TLOT 6°STT 1°62§ 90°98[C 00°0ZS "89% 00° 60°9 9T
60°T Z0-3Z9AZT" Z0-3998ST° GE€000° 0°BEE 6°SZT L ETE€ T°EPIT "BTIOT 6°STT 6°€0S 0€°T0€ 00°0ZS °LEY 10"~ SL°S ST
LT°T Z0-396ZST° T0-39GZST" 9€000° 9°TEEC 6°SZT 8°90€ 6°0TIT 886 6°STT L°T6¥ ¥S°9TE 00°02S "LOV T0°- 8S°S VI
T0°T Z0-38618T° ZO0-3ISPLIT® L9000° L°TZT 6°STT §°T8T Z°16S °LOS 6°STT S°LLT 8L TEE 00°02S  °9LE 00° 98°Z €I
00°T ZO-3€6E6T° €0-3980¥6° 9/000° ¥°90Z 6°SZT 9°€9T T°€ZS °“v¥v 6°STT S"9¥T TOLVE 00°0ZS  "9vE 00° 18°C 1
00°T Z0-3€9G0Z° €0-30ZTZL® SAN00° Z°¥6T 6°SZT 6°L¥YT G°89F °E€6E 6°SZT 0°1IT 92°Z9¢ 00°0ZS  °STE 00° (4 AR AN 4 ¢
00°T Z0-3LTYTIZ® €0-3966¥S° ZR000° €°98T 6°GZT P LET €°€EP °T9E 6°STT T°v0T 0s°LLE 00°0ZS °S8Z 00° vo'z ot
00°T Z0-38BTEZ" €0-3RGZVE" ROTO00° 0°TLT 6°GZT €°LIT L°89€ °TOE 6°STT 9°TLT vL°Z6E 00°025  °SSZT 00° oLt 6 uu
00°T ZO-ATLSYZ" €0-36ZRTT° TZTO0" L"E9T 6°SZT 9°VOT 0°0EE °¥9Z 6°STT 6°TST 86° L0V 00°0ZS  “¥ZZ 00° 6v°1T 8 |
00°T Z0-366FGT° £0-I/9¥ET" PET00° T[°LST 6°SZT 6°€6 9°86C °“¥PET 6°STI G'9¢T (44144 00°0ZS "P6T 00° TE'T L ~
00°T Z0-3LEBSZ° ¥0-368916° OVI00" ¥°¥ST 6°SCT ¥°68 L°GBT °TZT 6°STT 9°6T1 9y acy 00°0ZS  "€9T1 00° SZ°U 9
00°T Z0-3TSLBZ" ©0-3T69LYP" SLTO00" B°BET €°BIT 9°ZL ¥°8ZZ °S9T €°68IT ZT°v01 85°6Z¢ 88°S6F  "€ET 00° 66° S
00°T 20-3600€€° $0-3TP0LZ° 6TZO0" 6°0ZT €°¥OT 0°T9 B°IBT “TZT €°vOT 0°(B 9L°0dv TB'1S¥  °"ZOT. 00° [4: R
10°T Z0-30189T* Z0-3¥LYBT" /0N0O0® 0°6€Z 6°SZT T°€0Z 6°899 °8LS 6°STT B8°TIE 00°092 00°02S °ST9 6€°T~ 9Z°€ I
L' (W/1) (W/1) (W/1) (W) (W) (W) (W) (W) (W) (W) .L. (W) (W) (W) (WA} 8
dolovd YOIDVd YOIOVd 'MIOL XONE INIIEWV ‘NIOL HV3IIS X0N8 INIITEWV NIVNYEL X9 NIVY43aL 3svd X X 03y
*1s1a *1s1a *LS1a aarLdqyy0d 3¥043d NOVLS
TNOILYIA NOILHIA  ° ZI¥OH 2-VYWDIS K-VHDIS IH 34N1d Il JHNTd FAOEV
NOIID3133d 'NNOILLNIANOD il
*OVHd *N3d ‘W ST°T60T = 3SI¥ ‘NNI3 OL FONVLISIA ‘W 80°86€ = ASIY TIVNId ‘CssS/busH 65°VST = XN'd ‘D3S/W 0L°Z = dOLn
W 00° = LJIWH ‘¥ 53a 00°0LE = dW3L SVD ¥OVLS ‘D3S/W 00°0Z = ALIDOTHA LIX3I “D3S/9 00°0001 = SNOISSIWI :T #§ HOVLS
NNY¥ SIHL NI @3SN ION LN4NI 'T¥OT90I0403L3W 'IVNOILJO INISTUdIM SIN'TVA AIDON'Md »
«00°¥ 00z1"° onstT*® 0000° 0000"° »0080° »001T° SI"€62 € *000€ 00°2 144
(D3s/W)  IN3INOdX3  (W/53a) (W/4 9Sa3a) (W/4 9aa) (z) (X) (1) SSVDD (W) (03s/W) NOILD3Y¥IA
Z§ 033dS  3'1130¥d VILINL L1ddH dHN'd  KLISNIINI ALISNIINI  dWAL  ALI'IIGVLS  LUDIGH T4 Q3uds daNTM
UNIM adsM vi13a '51dA ‘91dA “gunL ‘gunL v ONIXIW aNIM
: T 99¢ 9L ¥NOH [AVQ ‘¥v3X S ¢ ¥NOI-3SVD
YT 99€ 9L UNOU/AVA/YVEA DNIMO'I'IOd AL IV AILINYYILNI N3dd SVl VLVU LNANI 40 9INJNOIS ATINON  :ONINHVM
A0°T €0-328LT9° Z0-3SZBLIZ" LENDO" 0°Z9L E°SOT L°VSL 070601 °"SvL €°SOT b-88L 8€°LZT SL°pGy 189 00° 6Z°9 €Z
9I°T €0-3LAA09* Z0-3E699Z° 1FND0° v°6SL €°SOT [°ZSL 9°980T "€¥L €°SOT Z°98L BE°LTT SLT¥SY 1S9 00° 12°9 T
6€°T €0-ALTPEL" TO-ANG9ST° [€NOO0° ¥°¥SL €°SOT 0°L¥L T°0ROT "BEL €°SOT 6°18L 8e"LeT SL°ySy  °0Z9 00° €2°9 12
ZE'T €0-36000L* 70-3G89¥Z° /F000° L°ZSL €°SOT €°S¥L 6°LI01 *9€L €°SOI S°08L 8€° LT SL°¥SF 065 00° 1z'9 oz



. (yT 3o 0T ®bed) g¢~L @anbig
‘8¢T 00°T ZO-3€BL6E" £0-IVE6VS® VITOO0" €°00T 8°6L L°09 9°BYE °GOE B8°6L G°BFI 98°T£Z 9E°vLE S8BT 00° vo°z ot
*66 00°T Z0-3B/FIy- £0-3VDOTE" GETO0" ¥°96 B°6L T°¥S P°¥6Z °¥SZ B 6L 6°6ZI 0T Lyz 9E"VLE  °"GSZ 00" 0L'T 6
*?9 00°T1 z0-3TIvZY" €0-39ZELI" ZSTOO" 0°v6 B°6L L°6vy B°T9Z °fTZZ B°6L T TIL 1 2384:14 9E°VLE  °vZZ 00° 61 8
*LE 00°T ZO-dBZEEP* ©O-IERNZ6" 0/TO0" 1°26 B°6L 6°Sy Z°GEZ °86T B°6L €£°66 B8S°LLZ 9E°VLE  “¥6T 00° ZE'T L
*YZ 00°T Z0-3STLEP® ©0-30TR0S° BL[00° €°16 B°6L Z°%y Z°¥ZZ °LBT B°6L E°V6 z8° 26T 9E°VLE  °€9T 00° sZ°1T 9
*ZT  00°T ZO0-3TTSLP® ©0-39LLIZ" /7700 0°v8 0°GL B8°LE B°SLT °OVI 0°SL B8°SL LL THT 90°6%€ "EET 00° 66° S
‘9 00°T Z0-3NSAFS" GO0-FTZBZB" T6Z00° 6°€EL Z°99 O°€E Z°LET *ZOT Z°99 €°€9 L0°0BZ ZIr 1ee -"zot oo0° t4: R
*ZT 00°T Z0-390FGE- Z0-3TYOBTI- F0000° S FIT ‘B°6L L°08 8 ¥¥S °6BV B°6L 8°9ZZ BT LBT 9E°VLE  °SI9 RE°T- 9Z°F T
(EesW ¥ (W/1) (W/T) (W/1) (W) (W) (W) (W) (W) (W) (W) (W) (W) (W) (W3) () )
/90) YoLOVd YoLIVa HOLOVd "INLOL XONd INA18WV 'NLOL HV3HS X0nd LNI1aWVv NIVHHHL A€ NIVY¥43alL 3sve b3 X D3y
“LSIq *LSIa *1s1a Q3IDHYYO) 3JH0438  NIVIS
14 INDOILYIA 'INDILYIA " ZTHOH Z-VWOLS K-VHOIS LH 3N LH aWnd Jaoav
NOILD37143Y¥ 'IVNOT.INZANOD . &Ll
00° = °*OVHd °*N3d ‘W ST°TAROT = ISIY 'TVNIJ OL FONVLSIA ‘W by TGT = ASI¥ ‘WNId ‘CesS/tevH 65°05Z = Xn'ld ‘0ds/wW 9T = doin
W 00" = LINDH ‘Y 9530 00°0LE = dW3L SYD NOVLS “D3S/W 00°0Z = KLIDO'TIA LIX3 ‘OHS/D 00°000T = SNOISSIWI [ # ¥OVLS
) NOY SIHL NI 43sn LON LNINI ‘TNDIDOTON03ILAW VNOILAO LNISFUd3d SIN'IVA QIO
+00°9 oovI” nooz* 0000° 0000° «0090° +»0080" ST €62 4 *000T1 00°€ o144
(D3as/W)  LNANOdX3 (W/93a) (W/¥ 53d) (W/¥% 93a) (2) (x) () SSN'T) (W) (D3S/W) NOILD3AMIaA
Z# Q3aads 3711d04d VLANL LI¥dI dWn1d  XLISNIINI ALISNILNI dW3L. XALITIGQVLS LHDIAH T4 Q3ads aNIM
aNIM adsMm vl 1ad ‘5LdA ‘91dA ;{11 “qung IV ONIXIW aNIM
S T LL MNOH [“Ava ‘¥v3x L # ¥NOH-3SVD
6 T LL *UNOH/AVA/YVIX ONIMOTIOd FHL LV QILJINUYIINI NIFQ SVH VIVA LNANI 4O 3DNIND4S A'MMNOH  : ONINUVM
*A¥Z 6Z°Z Z0-3BSA9Z" ZO0-F9GE9E" €S000° T°OPE 9°6S B°PEE G°BSL °LIS 9°6S T1°Z¥S 9T°SST ZE°OTE 189 o00° 62°9 €2
“vynZ 88°T Z0-ANROZZ® TO0-AISE9E" FG000° €°REE 9°6S O°PEE T°9SL °STS 9°6S S°0¥S 9T1°GST ZETOTE  °159 00° Le°9 ez
*6TT 60°T ZO-3SEAZT" ZO0-ASGEYE" F£SN00° L°LEE 9°6S ¥ °TEE 9°TISL °ZIS 9°6S 9°LES 91°SST ZE*0TE 079 o00° €2°9 12
"FfST 6Z°T TO-I00TLZ® TO0-3SGEY9E° €S000° T°LEE 9°6S B°TEE T1°0SL °TZS 9°65 9°9¢€S 91°GST TE°O0TE  °06S 00° 12°9 oz
“N0Z- 08°T ZO-I6VETZ® TO0-ASGFI9E" FGNO0° €°9€€ 9°6S O0°TE€E L°L¥L °*61S 9°6S T°SES 91°GST TE'OTE  °65S 00° AT°9 6T
*86Z 0€°'Z 70-36TVLZ* TO0-3S00GE" ¥S000° Z°SEE 9°6S 6°6ZE L°¥vL °91S 9°6S T°€E€S 91°GST TE"O0TE  °6IS 00" 91°9 B8I
‘Y0z 08°T 20-37LSTZ" TO-IVFZEE® ¥S000° €°EEE 9°65 0°8ZE €°6EL °TIS 9°6S 9°62S 91°§ST ZE°0TE  °86¢ 00° 11°9 L1
*9¥Z ®I°Z T0-3SBLGZ" ZO0-3LFPITE" HSN00° 6°0EE 9°6S G°GZE €°TEL °/0S 9°65 1°6ZS 91°4S T TE'OTE 89 00" §0°9 91
*98Z 62°Z 70-3£F98Z° TO0-3ISHZOE® LG000° €°6TE 9°6S L°ETE B8°669 °Z8Y 9°6S 6°€0S 9T°GST TE'OTE  °LE¥ TO0°~ SL°G ST
*06Z T1Z°T TO-IETZAZ® Z0-A/Z06T° 6AS000° 9°ZTE 9°65 8°90€ T°189 °89% 9°65 L°T6¥ 91°SST TEOTE  °LO¥ T0°- BS°S Ol
*GZy 60°T Z0-3009ZZ° Z0-3NNSOE" /0T00° 0°Z6T 9°6S G°ZBT G°TLE °O¥Z 9°65 S°LLZ 91°4ST TETOTE 9Lt 00° 98°Z €I
“GfG 0U"T T0-3L0ZSZ°® TO-IATFAROE* TZTO00" T°PLT 9°6S 9°€9T €°6ZE °0TZ 9°6S S°9¥T 91°49ST TE"OTE  °9¥E 00° 1s°¢ 1
*ZS9 O0I°T Z0-37ZSLZ" ZO0-3BBTTE® GET00° ¥°6ST 9°66 6°L¥T T1°S6Z °98T 9°65 0°T1ZZ 91°GST ZEO0TE  °SIE 00° (A A% AN 4 §
“6TL TI'T ZO0-36¥S6T° TO0-36FYBZ" 9vT00° L°6FVT 9°6S P LET B°TLZ °"TLT 9°65 T°v0Z . z8°L91 TE'OTE  °S8Z 00° v0*z Ot
*969 Z0°T ZO-IRTNTE" Z0-IZEOEZ® ZLTO00® S TET 9°6S €°LIT ¥ TEZ "THT 9°6S5 9°TLT 90°€8 TE'O0TE  °G5Z 00° oLt 6
*6LS 00T ZO-3T6ZEE" ZO0-AVINLT® €6T00° ¥°0ZT 9°65 9°v0T €°90Z °SZT 9°6S 6°ZST 0£°46T TETOTE  °"vZT 00" 6v°T 8
82V 00°T ZO-ALARSE" 70-FZ9ETT° GTZ00" T°TIT 9°6S 6°€6 G°SBT °"TTIT 9°6S G°9¢€T (1 3:1¢4 TE°OTE  °¥6T 00" ze'tT L
*Y0E 00°T TO-3FETLE® €0-IT969L° G2TO0" ¥°/0T 9°6S ¥°68 O0°LLT °SOT 9°65 9°6ZT 8L gIe TE"OTE €917 o0° szl 9
*TILT 00°T ZO-3FZGEY* FO0-ALBLYE® TRZOO® L°T6 0°95 9°ZL 8°TYT “8L 0°96 T ¥OT 19°g¢€z 06°86Z “€ET 00° 66" §
“*¢6  00°T Z0-3¥ZBOS" €0-36ZSST° 9vf00° S°8L ¥°6F O0°T9 €°GTT °LS ¥°6v 0°L8 66°92Z 50°8LZ °ZOT- 00° z8° v
*1 B0°T Z0-3FGEO0Z" ZO0-36/SSE" 0NND0" L°TIZ 9°6S T1°€0Z T°6Iv “¥LZ 9°6S B TTE 91°4ST ZE'0TE  °ST9 6E°T- 9Z°¢t I
{Exsi W (W/1) (W/1) (W/T) (W) (W) (W) (H) (W) (W) (M) W) (W) (W) (Wy) (W) '
/90) HOLOVS 4OLOVd 4OLOVd ‘NIOL ZONd INJIGWV WLOL dVAHS XONA LNIIGWV NIVWY3IL X6 NIV¥Y3L 3svd X X D3y
*1s1a *1S1a *1SId Q3 L)3YOD 3JY043d  HOVLS
{[R} INOLLYIA NOLLYAA " ZINOH Z-VWOIS K-VHOLS Lt 3WNTd L AWNTId JA0EV
NOILD3'143Y ‘IVNOILNIANOD Ll
00° = *OVHd “N3d ‘W ST I60T = d4SI¥ 'INNI4 OL 4ONVLSIU ‘W 09°88T = d4SIY 'INNId ‘CxsS/PssM 65°VST = X'l D3s/W UL*S = 401N
W 00° < LTUIE ‘Y DYA 00°0LE = WAL SVD YOVLS ‘D3S/H 00°0Z = ALIDOTIA LTX3  ‘DAS/9 00°000T = SNOISSIHI :T § NDVLS

7-15



(yT 30 TIT °bed) g¢-L danbra

ET T  LL *¥NOH ‘RNQ ‘YViK # ¥nOH-3SVD
ET [ LL *M0OH/ANO/UVEA ONIMOTTI04 4HI LV OQ3LJNYYILNI NI48 SVH VIVA LOANI 4D dONAND4S A'MOOH  :ONINNVM
*LvZ 60°T ZO-3/ZRSE" TO-F6SEPV° €L000° T°TZT T°ZE B°9IT T1°8¥S °6LE T°TE T D6E 18° Tl 19°€ZZ °189 00° 6Z°9 €2
"Z0E  €E€°T ZTO-ITZLEY® TO-AVSEYY® EL000° 0°TZL Z°TE 9°9I1 ¥°9vS °"BLE T°ZE T°€6E 18° 111 19'€ZZ °1S9 00° Lz*9 e
*Z6T LT°T ZTO-IRENZy* TO-AVVEVY® F£1000° S°0ZT Z°CE T'9IT T°€¥S °9LE Z°ZE O I6E 18° TIT 19°€ZZ °0Z9 00° €279 12
*LST TI°T Z0-30€69€" TO-ATVEPP" ¥/000° ¥°0ZT T°ZE 0°9IT 0°Z¥S °SLE T°ZE E°06€E 18" TT 19°€ZZ  "06S 00° 1z°9 oz
*66C 62°T z0-3/S8ZV° TO-FIEEVV° PLO00° Z°0ZT Z°TE B°SIT €°0VS °ELE T°TE T°6BE 18° TIT 19°€ZZ  °6SS 00° 61°9 6I
*99Z vT°T ZO-3PS6LE" TO-IRTEPYP" H/000° 6°6TT T°ZE G°SIT T°BES °*ZTLE ZT°ZE L°LBE 18° 11T 19°€2Z  *6ZS 00° 91'9 8T
*00€ LZ°T Z0-3AGHTY" TO-3F9TEVPY" GLO00" ¥ ATIT ZT°ZTE O°STT Z°VES °"69€ T°TE T°SOE 18° 11T 19°€2ZZ  °86¥ 00° 9 Ll
*OTE 62°T ZO-3T6EEY” TO-ARGZHY" GL000° B°RIT T°ZTE E°PIT 1°625 °S9€ 2°TE 6°18¢€ 18°TIT 19°€ZZ  °89v 00° S0°9 91
*RZE 6Z°T ZTO-A9ESYP' ZO-BTEGEP" 61000° L'SIT 2Z°ZE Z°TIT 9°G0S “L¥E T°TE S°99¢€ 18° 11T 19°€2C  °LEy T0°- SL°S I
*62€ TT'T Z0-3998Z%° T0-3BIGEP° TANOO° O°VIT 2°Z€E F°60T T°Z6V “LEE T°TE 9°LSE 18 11t 19°€2Z  °“LOvV T0°- 8S°S bI
*8f£S Z0°T Z0-379Z0S° Z0-300T8€" 6vT00° T°T8 'Z°ZE 9°¥L G°L9Z “°€ELT ZT°TE 8°10Z 18° T 19°€2C  °9L€ 00" 98°Z €I
"89S T10°T Z0-3ZSTES" Z0-3909S€" 69700° T°9L Z°TE 6°89 L°9€Z “TST 2°TE €°6LY 18° 17T 19°€ZZ  °9ve o00° 15° 21
*ARS  T10°T Z0-3TOT9S" Z0-3¥96ZE" 8AT00° L°TL T°TE O0°F9 L°TIZ “¥ET 2°TE 8°09T 18° T 19°€2Z °STE 00° TT'T T
*965 00°T Z0-3ZLEBS® 7ZO0-IZRAROE° ©OZOO" L°89 2°ZE€ L°09 S°S6T °€ZT ZT°TE S°O0T 18° 111 19°€ZZ °S8T 00° vo°z o1
*R6S  00°T Z0-3ZFGE9° Z0-JOVPTIZ° ZHZO0° 6°Z9 Z°TE TI°vS  T1°S9T °TOT 2°TE 6°SZT 18" TIT 19°€2Z  °SST 00° oLt 6
“€8S 00°T Z0-3LF¥L9° Z0-39S59ZZ" Z/Z00° Z°6S T°TE L°6F 9°9¥T *06 ZT°TE T IIT 18° 14T 19°€Z¢  °vZz 00° 6v°1 8
*9T€ 00°T Z0-320ZTL° Z0-FE€B60T" V$OE00" 0°9S Z°ZE€ 6°Sy €°TET °08 Z°ZE €°66 ¥8°921 19°€2Z °¥6T 00° TE'T L
“IST 00°T Z0-3096ZL° €0-3F686F° 6TE00° L°¥S T°ZE T°hb 6°¥ZT °SL T'ZE E°¥6 80°Z¥T 19°€2Z  °€9T 00° ST 9
*8y  00°T Z0-30R¥ZB° FO-FEGYZI" ZOV00" ¥°8F Z°0E B°LE T1°66 "9 Z°0f 8°SL 9T° 18T SV"LTZ  "€ET 00° 66" §
‘IT  00°T Z0-3vB6€6° VO-JOEYET* B6V00° ¥°ZF 9°9Z O0°€EE T1°08 Ty 9°9Z €°¢€9 vI°SST 61°90z "zol o00° t4: R /
(EsyW W (W/1) (W/1) (W/1) (W) (W) (W) (W) (W) (W) (W) (W) (W) (W) (W) (W) 8
/o0) 01OV do1ovd ¥OLOVd 'NIOL X0N9 INFIGWV ‘INIOL YVIHS XONd INITGWV NIVHYHAL Ad NIVHY3dL 3sva X X D03y
*ns1d *LSIa *LsIa q3LO3MY0Dd IFY0438  AOVLS
IHD TOILYAA 'NOILY3A  *ZIHOH Z-YWOIS K-VHOIS IH 3WNd  LH 3WNW FA0EY
NOILJ3‘l33¥ TVNOILNIANOD Lt
00° = "OVYYd °*N3d ‘W GI°T60T = 3ISI¥ IVNIJ OL FONVLSIA ‘W 69°T0T = ISIY 'TNNId ‘EvuS/VesH 69°¥5Z = X074 ‘D3S/W LS'OT = dOLIn
W 00" = LTYH ‘A 93d 00°0LE = dWIL SVD ¥DVIS ‘D3S/W 00°0Z = ALIDOWA LIX3Z ‘D3IS/D 00°000T = SNOISSIHI :T § NOVIS
NOY SIHL NI @3SN ION LNANI ‘T¥DISDOIOHOILIW 'TVNOILIO LNISIUIIY SANTVA AIONLA «
+00°0€ 0ovT°- 000Z° 0000° 0000° +0090° #0080° S1°€62 1/ 117 00°ST *0zz
(d3s/W)  INANOAX3Z  (W/93a) (W/¥ 53a) (W/d 93q) (2), (x) (1) SSY'D (W) (03s/W) NOILD3¥IA
T4 43zds  I11408d V13HL L1801 dW0Id  XLISNILNI XALISNALNI  dW3AL  ALL'IIGVLIS  LHOIAH T4 43ads anNIM
anIM adssM vil13d ‘91dA ‘91LdA *Eu0L 1) 4 41V ONIXIW aNIM
IT T LL ¥NOH 4Ava ‘¥v3X # HNOH-3SVD
TT T° LL *YNOH/AVA/YVIX ONIMOTIOA 3HL LV Q3LANUYIINI NIFE SVH VIVA LOANI 30 IONIND3IS XA'MMOOH  :ONINMVM
"GTZ €0°T Z0-3L¥N6Z° Z0-3/0SEZ" 6€000° S°TPT 8°6L B°9TT Z°¥ZOT °*T¥6 B 6L T°V6E 81" LAT 9e rLE 189 00° 62°9 €2
"9TZ €0°T Z0-3L/N6Z° TO0-3vBYEZ® 6€000° €°T¥T B8°6L 9°9IT B°0Z0T 666 B8°6L TI°€6¢ 81°L81 9€"¥LE  °TS9 00° Lz°9 Tt
"LTZ €0°T Z0-3SET6Z" ZO0-BGEVEZ® 6€000° O°T¥T B8°6L Z°9IT Z°VTI0[ “TE€6 B°6L O0°TI6€ 81°L81 9E°bLE 029 00° €2°9 12
*/17 €0°T ZO-ASGT6Z° ZO-3VZVEZ® 6E000° B°O¥T B°6L 0°9TT 6°TIOT “0€6 B8°6L €°06€ 81°L41 9€"¥LE 065 00° 12°9 o2
*1TT €0°T Z0-3SBT6Z° ZO0-30NYEZ" 0VNDO° L°OVT B8°6L B°STT S°BO0T °*LZ6 B8°6L Z°68E 8I°L4T 9€°¥LE  °6SS 00° 61°9 61
*RTZ  €0°T Z20-3GZZ6Z° <TO0-IGYEEZ* O¥000° ¥°O¥T B°6L G°STT T°vOO[ "€Z6 B'6L L°LBE 81 141 9E°VLE  °6ZS 00° 91°'9 81
*61C €0°[ ZO0-39AT6Z° ZO-IVIFEZ® 0V000" 0°0FVT B8°6L O°STT Z°966 °STI6 B'6L T SBE et L4l 9€°¥LE  °86F 00° 9 Lt
*1ZZ €0°T Z0-36BE6TZ" TO-IZVZEZ® O0V000° P 6ET B8°6L €°vIT 1°986 °906 B°6L 6°I8€ 81°L81 9€°¥LE  °89% 00° S0'9 9T
*AZZ ZO0°T ZO-dBEA6Z" 7ZO-IVRRZZ® ZYNOO°" 6°9ET B8°6L Z III I1°6E6 °T98 B°6L G 99E ar-Ldt 9€°¥LE "LEY T0°~- SL°9 SI
*FET  ZO0°T Z0-36NTOE" Z0-3FY9ZZ° ¥¥N00" V°GET B 6L P°60T €°ZT6 “9€8 8°6L 9°LGE 8T LAl 9€°¥LE  "LO¥ T0°- 8S°'S VI
“*6ZE 00°[ ZO-3FTI9€* 70-I9€BII" €RN00° €°60T B°6L 9°bL 2°08F °-AZV B°6L 8°10Z 8r°LET 9€"¥LE  °9LE 00° 98°Z €I
*0LZ 00°T ZO-IESBLE" Z0-30ZZZI® ©¥A0O00° S°SOT B8°6L 6°89 S"€TF °GLE B°6L E°6LI 8€° 102 9€°vLE  "9vVE 00° 15°C 2l
*90Z 00°[ ZO-3ARGRE" §0-49L678° 9NTO0° €°20T B°6L 0°V9 0°8LE °€€E B8°6L B°09T T9°912 9€°vLE  °STE 00° T 1t

7-16



(Evol
/on)

np

0o0°

‘S6T
414
CETET
“970¢
“L6EE
c9ITY
°900S
“18LS
*68SZ
‘8L9
*06

(EusxM
/on)

LD

(¢T FO TT °bed) ¢-L @anbra

a1 (W/1) (w/1) (W/1) (W) (W) tW) - (W)~ (W) {u) (W) W) (W) (W) (W) (WA) 2
doLOVa 4oLOVd UOLOVA 'NILOL  KONE INJ1GWV TVIOL YVINS A0Nd INJIGNV NIVHYIL A€ NIVYM3L dsvd X X nad
*1Ss1a *LS1a ‘Ls1a . a3LI4¥Y0)  AU0AHd  NOVLS
NOILYSA TNOLLY3A *zryott Z-VHOIS K-VWOIS Lt AWN‘'ld  LH 3WN'ld JA0av
NOILDY'133d ‘INNOILNIANOD L
= "OVMd °Nad ‘MW SZ°TO0S = 3SIY 'NNId OL 4ONVLSIA ‘W $B8°€9Z = 3SIY WNIA ‘EysS/VusW Lm.emN = XN ‘J3S/W EV°T = doan
R 99°€6%v = LI¥DH ‘¥ D3A 00°NLE = JWAL SVD ADVIS ‘D3AS/W 00°0Z = XLIDOTEA LIX3 .Jmm\u 00°000T = SNOISSIW3 :[ #& ADVLS
NNY STHL NI 43sn LON LNANI 'TYOIDOIOHOILHW 'NNNOILIO INISI¥ddd SAN'INA AIOOHV'Id »
+00°0T1 0noz* - nnog* 0500 NE0O* +00€0" +0090° ST €62 S “6666 00°¥ 144
(03s/W) LNANOdX3 (W/93a) (W/¥ 93a) (W/¥ 93a) . (2) (X) () SSY'D (W) (D3S/W) NOIlLOAMWIaQ
28 4azads  31114oud ALTIRA LIdDH 3NN‘Id  XLISNIINI XLISNZLNI  dW3l  ALI'JIGVLS  LHOIdNH 1# 43ads aNIM
aNIM adsM v113a ‘9LdA 'OLdA - “HEuNL |uNL 41V ONIXIW AaNIM
9T T LL GHMNOH |‘Ava ‘yvax 123 # 400oN-3ISvd
9T T LL *UNOH/XVA/UVIX ONIMOTIOd 3HL LV QILdNYUILNI NI3d SVH VIVA LOANI [0 FININOSS A'RINOH  :ONINMVM
S0°T T0-3T69¥S" BO-FELOVTZI® TSNO0O0® 9°9L 0°'ov ¥°S9 9°89L °80L O0°0%v L°S6T 9L°gev- Ly eve 189 o00° 62°9 €T
€0°T T0-3v6LES® LO-3BIGO0T" 7SN00° 9°9L 0°0F €°99 0°99L °90L 0°0vy 8°¥6T 8z go0v- Ly-ave ‘169 00° 12°9 et
¢0°T T0-3Z6EES" LO-3LOT9L® TSO000° ¥°9L 0°0% T°S9 0°T9L °“T10L 0°0F T t6Z 08°fLE- Ly sy *0zZ9 o0° €2°9 12
Z0° T ZO-3RSOES® 90-IARSEBY° FS000° $°9L 0‘obr T1°S9 €°6SL °00L O0°0F L°Z6T e Ive- LY 8¥T *06S 00" 12°9 o0z
-T0°T TO-3ATPAZS® G0-3EBTI9C° ¥¢S000° €°9L 0°0F 0°S9 8°9G6L °L69 0°0v 6°16Z vscare- Ly°8%2 *6SS 00" 61°9 61
10°T 20-3¥T/26° ©vO-39TITTI° €S000° T°9L 0°ov 6°¢9 P ESL -°"¥69 0°0v 8°06T 9t 08¢ Ly°8te °6¢S 00° 91°9 81
00°T Z0-3769ZS° ¥0-36L9LF° €S000° 1°9L 0°0y L°v9 S°LyL 889 0°0v 6°88T 88°q¥Z- Ly-8ee °g6vy 00° 1IU°9 Lt
00°T ZO-3Sy/TS° €0-3TBO9T" $S000° 6°SL 0°0% 6°%9 6°6EL °T189 0°0%v ¥°98T ov-§1z- Ly 8y ‘89 00" S0°9 97
‘00°T 7Z0-308FES"* €0-312TZVV" LSO00° 6°VL 0°ov €°€9 S°vOL “L¥Y9 O0°0V 6°VLT Z6°88T- iv-ave “LEY T0°- SL°s ST
00T Z0-3T9LES® TO-IFSOTT* 86000° €°vL 0o"ob 9°29 €°¥89 °8Z9 0°0y T°89Z yrogst- Ly 8ve Loy 10°- 86°'S ¥1
00°T T0-30€£FS9° TO0-308SYT° TTIT00° T°I9 O0°OF T°9% T°BGE °TZE O0°0F €°IST oa NAA Ly ave "9LE 00" 98°z €I
T0°T TO-3SvL89° ZO0-ASTZVE" 1ZT00° L°8S 0°0y 6°Zv TI°6TE °TAT O0°0y Vv °veEl [ A:] XA 9%t 00° 16°¢ 1
00°T Z0-3¥940L° T0-3ZS669° Z9¥T00" 9°9§ 0°ovy oO0°o% 9°08T °0sZ 0°0F 9°0ZT1 oo. Ly 8t "S1E 00° [A AR Q
00°T ZO-300SZL° TO-3TZITI" GSTOO0" [°SS 0°0F 6°LE T°BST °6ZZ O0°0¢V o TIT Ly 8vT °G8Z 00" ¥0°z ot
10°T Z0-38099L° TO-3v¥1ST° vBI00° €°TS 0°0F L°tE L°9TZ °"T6T 0°0v T1°%6 vo. Ly °sve °S6Z 00° - oOL'T 6
T0°T ZO-3TIE6L" TO-3ATYOPT" AOZO0° 9°0S O0°0¥ 6°0¢ 9°T6T °89T 0°0v ¥°€8 vq. ~ Ly 8ve ‘vz 00° 6v°T 8
T10°T TO0~39F/T8° 20-390698° €£T00° T°6V 0°0v #¥°82 0°TLT °6%T 0°0v Vv°vL S Ly ave “¥6T 00" CE'T ¢
00°T TO-3L¥ySZ8° ZO0-ITG6LVE" SVYZTO00" ¥°8Y 0"o¥y €°L2 §°T9T °THT O°OF L°OL o Ly °8he ‘€91 o00° sT°1 9
00°T Z0-379v98° £0-396LEL® €0E00° T°9¢% 0°ov 0°€e L°TET °ZIT O0°0%v 6°9S ao Ly sve “eeT 00" 66° S
00°T TO0-39v€68° HO0-ITL6TB° BSFO0° L ¥V 0°0v B8°6T1 9°TIT °¢€6 0°0y S°LY 9¢° [X Ad:] X4 *¢o1 o00° [4: N [ 4
Z0°T ZO-3SKOP9° 60-392008° 0O0ONO0° 9°€E9 0°0F G°6V T°L0vy °89€ 0°0v T°OLI am. wm- Ly°8¥2 “619 6€£°T- 9Z°t (I
' (W/1) (H/1) (/1) (W) (W) (W) (W) (W) (W) (W) :, (W) (W) (WA) (W) [}
YOIOVI 4OLOVd YOLOV4 'NLOL X009 LNITGWY 'NIOL UVAHS XONE LNITGWY . NIVYM3L K@ NIVYY3L 3sve X X D3y
*LS1a *LS1a *is1d a3L)3YYod IJypada NOVILS -
TOILYIA TNOILYEA  *zZIdoH Z-VHOIS K-VWOIS Lit gWNT1d  LH 3WNT1d FA0€V
NOILD3 1434 TVNOILNIANOD &Lil
= *DVdd "N3d ‘W $6°F9Z = ISIY TVNIJ OL HDNVLSIA ‘W G5°9ZT = ISI¥ 'IYNId ‘EseS/bueH 65°¥SZ = X014 *23S/W 0€°€ = dodn

W 7L fSS =

»00°S
(23s/u)
¢d a33ds

QaNIM

LI ‘N 9da 00°0LE = dW3L SVD MOVLS ‘D3S/W 00°0Z = KLIDOTIA LIX3 “J3S/D 00°000T = SNOISSIKI :T & ¥OVLS

NOY SIHL NI Q3SN LON INdNI ‘WOTUD0I0HOILIW 'TVNOILJO ILN4SIUdI¥ SIANTVA QION'II «

nnoz* - onog* 00z0* 00zo* +00€0"° +0090" SI"€6C S ‘6666 00°2 c0ze
HINANOdXE (14/94a) (W/% H3aad) (W/¥ 93aq) (z) (Xx) (1) SSVT) (W) (D3as/W) NolL)iIdla
411404d VL3I LTUON awnd RLISNALNT XLISN3LNT dWAL ALLIIAVLS LHOLAH ¢ Q3314s ANTM

(LISM VL TIQ OLdA faLdA ‘qnL " QdnL div ONIXIN ANIM

7-17



(yT 3O €1 obed) g-L @anbra

‘0 00°T Z0-3avz9¥9° ([0-FL6LLS® FE000° L°T9 1°1s L°ve 6°90ZT 0611 T°1S T1°G6T Zr 90¢- Le g8t “06S 00" 1z°9 o2
*0 00°T Z0-36¥9¥9° 90-36888S5° €€000° L°T9 1°1s L7yt L°TOZT °98IT [°T1G6 9°9¥61 ¥6°SLE- LE“EBT "6SS 00° 61°9 61
°0 00°T z0-3Z689%¥9° S0-3Z60LF" EFN00° L°T9 116 9°v¢E T°LATT "08IT [°TIS 6°E6T 9y Ske- LE° €8T “6ts 00° 91°9 8I
KA 00°T Zo-30¥L¥9® ©0-368V6C° FE000° 9°T19 I°16 6°vE 9°LBTT “TLIT I°T16 9°T6I na.vﬁwl (A9 1:14 ‘g6év 00° 17°9 LI
°6 00°T Z0-3918¥9° £0-AVISVTI® ©€000° 9°19 °1s ¥°ve TOSLTIT "BSTIT [°1S 6°061 05°v81- LE" €8T "9y 00" s0°9 91
*LE 00°T Z0-367FG9° €0-36L6VS° 9E000° Z°19 1°16 8°tt 9°LIIT “TOTT T°16 T €8l zo°vSi- LE"EBT “LEY  T0°- sL°s SI
“LTT 00°T ZO-3RAYG9" T0-36Z891° 1F000° 0°I9 I°16 #°€¢ 8°p8O0T “690T [°1S 8°BLI A4 & LE" €8T Loy 10°- © 86°S VI
*e6y 00°T Zo-38yynL® TO-IEBS9E" TLOOO® L°9S 1°16 9°%¢ 6°655 °8¥Ss T°1IS 6°001 90° €6 LE"EBT ‘9Le 00° 98°Z €1

*S60T 00°T Z0-36¥£IL° TO-3RGZ9L° TB000° 0°9S 1°1s 6°7C 0°T6v °08y T°IS 9°68 86°79 LE €8T ‘9%e 00° 16°2 I
*9pZT 00°T Z0-30FTZL° TO-IALBTIZI® T6000° €°SS T1s e 1t T°9€Ey °9Z¢ 1°15 ¢v°08 or°zte LE €8T *61e 00° [A 2K 2N |
*L9€T 00°T TO-3E€997L° T0-3IZITSYI° 00T00° 6°PS "1s T°ot G°00%F °‘06€ T1°IS €°¥L 79" 1~ LE" €8 °s87 00° ¥0°¢ 0T
*099T 00°T Z0-3Nn//€L° TO-I9BLZT" 61T00° TI°PS I°1s 0°81 6°veg °6TE T°1S L°T9 98°8¢ Le €8 °66T 00° oL°'tT 6
*668T 00°T ZO-3SFPpPL” T0-3S9908° SET00° 9°ES 1§ 6°91 €°66C °S8Z T°1IS 9°SS vE°6S (A %: 14 *¥ZT 00° 6v°T 8
*9f0T 00°T ZO-ATA6¥L" 7O0-3ITZY9E" 2TST00° €E°ES 1°16 1°S1 L°Z9C °fST T°IS 9°6¢V 78°68 LE" €8T "y61T 00° [4 S G 3
*gvE 00°T Z0-30GTISL" TO-3AATSTI® 09T00° TI°€S 1°16 S°¢1 €°6¥Z °“6€T T°1IS T°LY 0€°0c LE €8T “€91 00° sZ°1 9
*26 00°T Z0-3AVAR6SL" €0-IT6SVT" 6AT00° S°TS 't T°tt L°00Z 06T T°IS 6°LE 8L°0S] Le-tae ‘€€l 00° 66° S
°91 00°T Z0-36TG9L° ©O-ITTEYE” 9€Z00° T1°ZS 1°1S 9°0T ©8°89T °8ST T°I6 L°1¢€ 9Z°18 Le" €82 *zot o00° 8 14
] 00°T Z0-3RTP69° 60-J9LSEB" 90000° S°LS 1°16 ¥°9C L*LE9 °STY9 T°IS P eIl T 1ee- LE* €8T °6T9 6€°T- 9T°¢t I
(EssH W (W/1) (W/1) (W/1) (W) (W) (W) (W) ) (W) (W) (W) (W) (W) (Wa)  (WA) ]
/50) YOLOVY yoLOVd HOILDV3 'WIOL ZONd INIIGWV 'NIOL HV3lS A0NY LNIIGWV NIVHH3EL X6 NIVIM3L 3svd X X o3
*Ls1d ‘Lsia *5LSId . a3aLdaPU0d 3IJYod3Ig ADVLS
) 41t I INOILYIA NOILYIA *2140H Z-VHOIS X-VWOIS It 3WN'd LI 3WNTd JA0EV
NOILO3 1334 TVNOILNIANOGD IH

00° = °“DVH¥d °N3ad. ‘W 6¥°FLL = 3SIM '‘NNI4 OL 3ONVLSIA “W Sp°T9T = 3ASIH¥ 'NNIJ ‘EesS/¥sel 69°VST = X014 *O3S/W 62°S = dodn
W 96°9LF¥ = LI¥DH ‘¥ 93d 00°0LE = dWIL SVD ¥OVLS “D3S/H 00°0Z. = ALIDOMA LIX3 ‘D S/D 00°000T = SNOISSIW3 3T § MOVLS

NO¥ SIHL NI @asn LON LNdNI A‘UaOOJO&OEEmL TYNOILdO LNISIUdIY SAN'NNA QIO »

#00°L pooc* 000%" 00Z0° 0900° +0910° «00v0° 61" €62 *6666 05°¢ *o0ze
(D3S/W)  ININOAX3 (W/53a) (W/4 953aa) (wW/¥ 53qa) (2) (x) (1) SSY'D (W) (03s/W) NOILDIY¥IA
24 Q33ds  dT130¥d . VI3HL LI¥OH GWNMd  ALISNIINI ALISNILNI  dWAl  ALI'TIEVLS  LUDIGH T4 43Ads aNIM
aNIM adsM Vi T3a ‘9LdA 91dA * QUL *qNL aIv ONIXIW aNIm
6T T LL :HWONOH {xva ‘yvax IT  # ynon-asvd

61T T LL THNON/AVA/MVAX ONIMOTI0d FHL IV QILIOMYILNI N33Q SVYH VIVQ LOINI 4O 3DONINDAS XMNOH  ONINNVM
LT 10°T Z0-3/98LE" FO-IFSHST" 92000° 0°90T »°€8 ¥°S9 v°80ST “LLVYT ¥°€8 L°S6T LY S6Z- 9L SBE °189 00° 67°9 ¢t
“9¢ 00°T Z0-3LEBLE" €0-39L6TE" (Z000° 6°SO0T ©p°€8 €°S9 TEOST °TLVT v°€8 B°¥61 66°V9Z- 9L°68¢ . “1s9 00° L9 e
“TL 00°T ZO-3E€BLE" €0-3SSLY9" /Z000" B8°SOT ¥°€8 TI°S9 1°€60T “T9¥T #°€8 T €6T 16°veeZ- 9L°S8¢ “0z9 00° €T°9 1T
“0ET 00°T ZO-3VIBLE® TO-IGYPLIT" (T000" B°SOT ¥°€B T1°S9 8°68¥T °8SYT P°€8 L°T6Z €0"v0Z- 9L°S8¢€ “06s 00° w9 oz
*/TZ 00°T Z0-3L08LE" TO-I6TI6T° LZOOO® B8°GOT ¥°€8 0°S9 9°v8bT "ESPT V€8 6°162 GG ELT- 9L°S8¢E *65S 00° 61°9 61
*9€€ 00°T Z0-30TBLE® TO0-3TNZOE*® /ZN00° L°SOT ¢°€B 6°F9 6°LLYT “L¥YT ¥°€8 B8°06Z LOERT- 9L°S8¢€ °6TS 00° 91°9 8T
*vZb 00°T ZO-39EBLE" TO-AL6LTY" LTO00" 9°SOT P°€8 L°F9 1°99vT “SEVI #°€8 6°88Z 6S°T[1- 9L°58¢ ‘g6vy 00° 11°9 (LT

*f£EV TO0°T ZO-IVGIBE" ZO0-308RAGS" /T000° ¥°SOT ©°€8 S°¥9 6°0G¥T “0TVYT v°€8 ©°98C T1°T8- 9L°58¢ ‘a9 00° §0°9 91
“LSh TO°T ZO-AFTEBE" TO-369¥L9" 6Z000° L°FPOT p°€B €°E9 0°08ET °OSET V°€8 6°VLT €9° 16~ 9L°68¢ ‘LEY 107 - 6L°s S1
“TLV 00°T Z0-3AZ6EBE" Z0-3AF6PL° 0F000° €°¥OT bv°€8 9°Z9 L°6EET “OTET $°€t8 T°89C ST 1Z- 9L7S8¢ “Ltoy 10°- 8S°S ¢I
*$66 00°T ZO-ITEATH" Z0-30/Z€B° BS000° ¥°S6 v°€8 T°9% §°€69 °TL9 v €8 €°1S1 €E€°6 9L°S8€ "9Le 00" 98°¢ €I
*LSTT T0°T TO-3E9RZY" Z0-3TZILL" 69000° B8°E6 b°€8 67TV €°609 ‘886 ¥¢°t8 PV VEIL 18°6 9L°S8¢ “9ve 00° 16°Z I
*6TET TO°T ZO-399VEP" Z0-30TIV9° ¥/000° S°T6 ¥°t8 0°0V% 8°Ips °zzs v°€8 90T 62°0 9L°S8¢ “Sre 00° w11
*6v¥T TO0°T Z0-36L8FP° Z0-399SLV° 0R000° L°T6 P €8 6°LE z°86% °8LY ¢°€8 & IIT LLT00T 9L°S8¢ "s8T 00° v0°Z Ol
"c0zZT T10°T T0-3L89%V" ZQ-3RNI0E" GANOO° 0°06 v €8 L €€ L°LTy °“86E ¥°€8 T1°v6 ST'TEl 9L°G8€ °6sT 00" oL°'t 6
*69L 00°T ZO-3T06¥Y" ZO0-3GATLI® ROTO0" 0°68 v°€8 6°0¢€ €°69€ °0st ©v°€8 Vv'e8 €L 1pT 9L°G8¢E ‘yZZ 00" 6v°1T 8
*6TY 00°T Z0-3aT!ZS¥° €0-3606E8° TZTOO0® T1°88 v°E8 v°8C §°6ZE °OIE ¥°€8 ¥ ¥L 12°C1 9L°S8¢E “v6T 00" et L
"T6T 00°T ZO-30SbSP° €0-3I78E9€° /ZT100° 8°L8 (200 1: B A X 4 I°€TE °"€6T ©¢°€8 L°OL 69°2¢ 9L°68¢ ‘€91 00" sT°1 9
“e8 00°T 70-3720[9%° €0-3L9/21° IS[00° S°98 v°t8 0°€T T°PST "EET v°E8 6°9S LT°EST 9L°S8E “EETl 00° 66° S
‘ot 00°T Z0-3£TS9y" v0-ATSI6E" GBTOO° 8°G8 v°t8 8761 8°GTZ “€61 $°€8 S°LY $9°EBT 9L°68¢ “zot 00° z8° [ 4
x4 00°T 20-36/ZzT¢" FO0-3N990S° 1T000° 0°L6 P°E8 S°6F 9°68L °f9L ¥ €8 [°0LL c0°622Z- 9L°S8¢E ‘619 6£°1- 9Z°t T

7-18



(vT 30 pT ©bed) ¢~ @anbta

‘0 00°T TO-3ERDLL" LTI-3T/EOP° F¥NOO° L°TS T°BE 6°VE L°yZ6 ‘€06 T°8E T°L6I 9t BEY- [X: 4 4 189 00° 6Z°9 €2
0 T0°1 20-3e6¥BL° GT-3907Z8BF° F¥PNOO° L°IS 7°8e 8°v¢e §°TZ6 °668 Z°8E 9°961 88°LOV- Lg-zve ‘189 00° 12°9 Tz
"0 T0°T 70-35608L° €T1-3€A66E" ¥V0OOO°® L TS T°8E L°vE €°G16 “€68 T°8E G6°G61 oV LLe- Lazve “0zZ9 00° €C°9 1T
‘0 10°T Z0-366LLL" TT-3G09%¥Z° +vN0OO" 9°1S T°8¢ L°ve €°€16 °"T68 Z°8E T1°G6T T6° 9% €~ [X:2x4 4 ‘06S 00° w9 oz
*0 00°T Z0-36Z9LL" 60-IEL90T" $¥000° 9°1S T°8E L°ve 1°0T6 °888 CT°8E 9°¥61 vy-97¢e-~ Lazve °65S 00° 61°9 6T
‘0 00° T ZO0-36¥SLL” R0-3IT9LZE® $V000° 9°TS '8 9°ve 0°906 °¥88 T°BE 6°€E61 96°S87~ La-Tre “62S 00° 91°'9 81
‘0 00°T ZO-3v9GLL" [0-38¥90L" V000" S°T1S T°8¢ 6°¢¢E 8°868 °Li8 T°B8E 9°Z61 8¥°5sT- [1: 04 4 “g86vy 00° 19 tr
‘0 00°1 ZTO-3€HILL" 60-3TTAOT" SPOOO° ¥° 1S T°8t v°ve ¥°688 °898 T°B8E G6°06T. oc.mM~| [1: 04 4 89y 00° S0°9 9T
°t 00°T 70-3Z¥Z8L° ©0-3N6BOT" LY000° 0°1S ¢°8¢ 8°¢€¢g 0°9%8 °GZ8 T°8E T €81 TS P61~ L8-Tve “LEy T0°- SL°S ST
K414 00°T Z0-3€09BL" ©0-3SS6¥8° 6V000° 8°0S "8t P €€ 2°1Z8 °108 7°8E 8°8LI vo.vman [X: k4 £4 Loy T0°- B8S°'S ¥l
SITT 00°T ZTO-~3AN/LB° €0-3TISET° P6000° S°Sb T°8¢ 9°%e vy “TIV Z°8E€ 6°00T 9G° €t T~ [X: 384 k4 “9Le 00° 98°C ¢t1

“00L 00°T Z0-3AN668° TO-FEVEZI® L0T00° 9°v¥ T°8E 6°77 9°ZTLE °09¢ T°BE 9°68 80°€0T- La-cre ‘9re 00° 16°¢ 1
"TP6T 00°T Z0-39¥vZT6" <TO0-I00T9v° TZT00° B €V T°8E €°1C 0°TEE °6T€ T°BE v°08 09°TL- [1: k4 14 °s1e 00° (45K AN 4 ¢
“L0¥9 00°T Z0-3T5ZZ6° T0-3TAPTII° TETO0" €°€b T°8¢ T°0¢ T°v0E °T6T T°8t €°vL [A 84 Aad [1: x4 24 “68Z 00° ¥0°Z ot
°0SBL 00°T Z0-32vS¥6° TO-IGLIBT® LSTO0° €°T¢ Z°8t 0°81 €°VGT “E¥T T°eE L°T9 1208 La°Tve °66T 00° oL'T 6
"SE06 00°T TO-3SS6G6° T0-3967ZL1° 8/T00° 9°T¥ T8¢ 6°91 €°¥ZT “vIT T°BE 9°GS ¥8°8 L8°Zve ‘vz o0° 6v°1 8
“v000T00°T Z0-3090L6° Z0-36ZS¥6° 00Z00° T°Tb T°8g 1°SI 9°661 °68T Z°8E 9°6¥ TE°6 [3:2x4 k4 “¥61 00° e°1T L
“LYZE 00°T TO-3ALVSL6” TO-ALTIT6Z® TTZOO* 6°0F T°8¢ S°01 €°68T °6LT Z°8E TI°L¥ 08°6 [3: 344 4 “€91 00° sT°T1 9
"VE9 00°T Z0-30VE66° £0-3SBISY° Z9Z00° Z°OV (A1 SR AL A | $°TST “ebT T°8¢ 6°LE 8Z°011 [X: 24 £4 "EET 00" 66° S
“19 00°T T0-3¥G00T° ©$0-I0OTZLE" TTIE00° L°6E ¢°8¢ 9°0T T1I°8ZT °BIT Z°BE L°T¢ 9L 0% T [2: 24 X4 *zot -00° 8" ¥
‘0 10°T Z0-355.98° SI-ASROTZ" TNOOO* S°9¥ °ee ¥°97 9°€8F °69¥ Z°BE P ETT T6°TLe- [3: 04 X4 "ST9 6€°T- 92°¢ T
(EuyW W (W/1) (W/1) (W/1) (W) (W) (W) (W) (W) (W) (W) :r (W) (W) (W) (W)
/50) ¥OLOVd YOLOVd 40LOVd ‘N1OL X0N9 INIIGWV 'NLIOL YV3NS XONE INIIGWY NIVMYMAL X6 NIVH¥3l d3sva X X o3y
‘LSIa *LSI1a ‘Lsia Q3LOIYY0D 3JYO43d®  NOVIS
gin TVOILYAA TNOILYIA *ZIYOH Z~-VWOIS K-VHOIS IH N LIl 3Wn'd 3Aoav
NOILD3T143¥ 'TVNOILNIANOD &

00" = “DVdd °N3ad ‘W 06°90T1 = dSId ‘NNIJ OL FONVLSIA ‘W G6°0ZT = 3ASIY 'TYNId ‘CysS/Uusi 65°VST = X013 ‘03S/M 68°T = dOLN
W 68°LVS = LIYDH ‘) D3d 00°0LE = dWAL S¥D NIVLS ‘DdS/W 00°0Z = ALIDOEA LIX3 ‘03s/9 00°000T = SNOISSIH3 T # NOVIS

NNY SINL NI a3asn ION LNdNX J‘UmuoqonmBmF ‘WNOILdO LN3ISIHdIY SAN'IVA AIDON‘L

200°2T 000¢g° - 000%° 0900° 00vo0- «0910° +00¥0° ST €6 °6666 00" ¢ ‘oze
(03s/W) LNINOdX3 (W/53a) (wW/d 93a) (W/x¥ 93a) (z) (x) (3) SSY'D (W) (03s/W) NOIlO3NYIQ
¢# 43ads 3raoud VL3HL LI¥DH aunnig KLISN3LNI XLISN3ILNI dW3l ALINEVLS LHOI3H T# a3ads aNIM
aNIM adsM ViL"13a ‘9LdA ‘OLdA ‘Nt "E AL yIv ONIXINW aNIM
TT T - Lt *9noH {Ava ‘¥vax (A # YNOH-3ISVD

_
(44 LL *MNOH/AVA/YVIA ONIMO'TTIO4 FHL LV QILINYYIINI NIIE SVH VIV LNANI bo JON3NOIS XA TINOH  :ONINJVM
‘0 00°T Z0-3GFSV9° OT-IZANEL" £F000° B°T9 116 6°ve 0°ZZTT °G0ZT [°1S T1°L61 98°L6E~ LE €8 189 00° 6Z°9 €T
°0 00°T Z0-36S6¥9" 60-3VZELZ" €F£000° 8°T9 I°'[s 8°ve B8°LTIZT “T0ZT [°16 97961 BE°L9E- LE"EBT 159 o00° 1z°9 It
‘0 00°T Z0-3AN9¥9° HO-3ALYPYY" FE000° 8°T9 [‘rts t°ve 9°60ZT "€6TT [°IS &°S61L . 06°9¢¢e- LE" €8T ‘0z9 o0 €2°9 12

7-19



POST-PROCESSING ANALYSIS PROGRAM’ VERSION 2.30 LEVEL 851125

TOPVAL

Lp NH NM DAYSIN HOURIN

3 1 5 0. 0.

NR RFACT

26 1000000.

Figure 7-4 ANALYSIS Output from Sample Run
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POST-PROCESSING ANALYSIS PROGRAM

VERSION 2.30

LEVEL 851125

TOP -5 CONCENTRATIONS OF 3-HOUR AVERAGES FOR 12. HOURS
RECEPTOR I ToP 1I ToPp 2I TOP 3 I- ToOP 4I TOP 51
----------- b —— + B T e .
1 I $0.3323 I 21.6594 I 7.5413 I 4.0747 I .0000 I
DAY/HOUR I 1 3 I 1l 6 I 1 12 I 1 9 I 0~ 0I
----------- e T A
2 I 1517 I .0000 I .0000 I .0000 I .0000 I
DAY/HOUR I 1 3 I 0O - 01I 0 01I 0 oI 0] 0I
e tommm—————— e e —tm————————— e R +
3 I .0000 I .0000 I .0000 I .0000 I .0000 I
DAY/HOUR I 0 0I 0 01I 0 0I 0 0I 0 oI
----------- T e 2
4 I 136.1632 I 83.8155 I 35.7903 I 35.5793 I .0000 I
DAY/HOUR I 1 3 I 1 6 I 1 12 I 1 9 I 0] 0I
----------- T e et T ittt TS 5
5 I 269.7798 I 245.5842 I 149.0348 I 126.6413 I .0000 I
DAY/HOUR I 1 12 I 1 g I 21 3 I 1 6 I 0] 0I
----------- T T B
6 I 1262.2043 I 920.3296 I 203.1556 I 187.3455 I .0000 I
DAY/HOUR I 1 12 I 1 9 I 1 6 I 1 3 I 0] oI
----------- T s T s A
7 I 3819.4370 I 2044.3994 I 272.3083 I 219.7519 I .0000 I
DAY /HOUR I 1 12 I 1 9 I 1 6 I 1 3 I 0 0I
----------- T T e T RS P
8 I 3900.0288 I 1883.6309 I 359.3069 I 260.5178 I .0000 I
DAY/HOUR I 1 12 I 1 9 I 1 6 I 1 3 I 0] 0I
----------- e e e et T e
9 I 3571.7375 I 1657.3567 I 431.1162 I 292.3269 I .0000 I
DAY/HOUR I 1 12 I 1 9 I 1 6 I 1 3 I 0] 0I
----------- e T LT T e e L L L PP L L L P T e
10 I 3074.3245 I 1380.3132 I 465.0286 I 306.3379 I .0000 I
DAY/HOUR I 1 12 I 1 9 I 1 6 I 1 3 I 0 0I
----------- et s e s Lt T
11 I 1835.7200 I 1269.6245 I 455.6624 I 303.7664 I .0000 I
DAY/HOUR—TI — Xk —312-I 1 -9--I I—6—F———X& o -0 0—I
----------- e St s TP
12 I 983.9363 I 717.1672 I 402.2705 I 283.5063 I .0000 I
DAY/HOUR I 1 12 I 1 9 I 1 6 I 1 3 I 0] 0z
----------- R T S T S
13 I 534.7805 I 452.8689 I 346.2053 I 246.5181 I .0000 I
DAY/HOUR I 1 12 I 1 9 I 1 6 I 1 3 I 0 0I
----------- T T s T s
14 I 252.3053 I 203.3554 I 195.1604 I 102.6576 I .0000 I
DAY/HOUR I 1 9 I 1 12 I 1 6 I 1 3 I 0] 0I
----------- e e T s
15 I 210.7275 I 180.0722 I 165.4961 I 98.4878 I .0000 I
DAY/HOUR I 1 9 I 1 6 I 1 12 I 1 3 I 0 0I
----------- T T et e
16 I 185.5509 I 160.9107 I 147.5036 I 91.1588 I .0000 I
DAY/HOUR I 1 91I 1 6 I 1 12 I 1 3 I 0 0I
----------- e e et g

Figure 7-4 (Page 2 of 14)
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POST-PROCESSING ANALYSIS PROGRAM

VERSION 2.30

LEVEL 851125

TOP 5 CONCENTRATIONS OF 3-HOUR AVERAGES FOR 12. HOURS
RECEPTOR I TOP 11T TOP 2 I TOP 3 I TOP 4 I TOP 5
----------- e s St B
17 I 175.6718 I 142.9572 I 142.1077 I 90.1069 I .0000
DAY/HOUR I 1 9 I 1 6 I 1 12 I 1 3 I 0 0
———m——————— tomm————————— tommmm——————— tommmm e tomm————————— o
18 I 162.0896 I 160.4165 I 112.1220 I 88.1413 I .0000
DAY/HOUR I 1 9 I 1 6 I 1 12 I 1 3 I 0 0
----------- fommm e cn e c e e e e e e e e e ——— e ————— e e e ——————————
19 I 172.4082 I 141.5300 I 85.5362 I 72.4911 I .0000
DAY/HOUR I 1 9 I 1 6 I 1 3 I 1 12 I 4] 0
------ e Tt T SRR SRR
20 I 159.9876 I 158.0484 I 85.3923 I 43.2357 I .0000
DAY/HOUR I 1 6 1 1 9 I 1 3 I 1 12 I 0 0
----------- + - + B e et i
21 I 169.5784 I 121.0291 I 85.5868 I 23.7747 I .0000
DAY/HOUR I 1 9 I 1 6 I 1 3 I 1 12 I 0 0
----------- T e e T
22 I 172.5266 I 148.1988 I 85.3331 I 12.0263 I .0000
DAY/HOUR I 1 9 1I 1 6 I 1 3 I 1 12 I 0 0
——————————- o ——————— b e B e —————— e
23 I 163.8979 I 154.1504 I 85.6801 I 5.6163 I .0000
DAY/HOUR I 1 6 I 1 9 I 1l 3 I 1 12 I 0 0
----------- e T et it E T B
24 I .0000 I .0000 I .0000 I .0000 I .0000
DAY/HOUR I o] 0I o] 0TI 0 0TI 0 0I 0 0
----------- e e e ATttt
25 I .0000 I .0000 I .0000 I .0000 I .0000
DAY/HOUR I 0 0OI 0 0TI 0 oI 0 0I 0 0
----------- T T B
26 I .0000 I .0000 I .0000 I .0000 I .0000
DAY/HOUR I 0 0OI 0 oI 0 oI 0O  o01I 0 0
----------- T T e s et

Figure 7-4 (Page 3 of 14)
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POST~-PROCESSING ANALYSIS PROGRAM VERSION 2.30 LEVEL 851125

TOP 25 HIGHEST AND HIGHEST, SECOND-HIGHEST CONCENTRATIONS

HIGHEST - HIGHEST, SECOND-HIGHEST
RANK RECEPTOR  CONCENTRATION RECEPTOR  CONCENTRATION
1 8 3900.029 7 2044.399
2 -7 3819.437 8 1883.631"
3 9 3571.738 -. 9 1657.357
4 10 3074.324 10 © 1380.313
5 11 1835.720 11 1269.625
6 6 1262.204 S 920.330
7 12 983.936 12 717.167
8 13 534.781 13 452.869
9 5 269.780 5 245.584
10 14 252.305 14 203.355
11 15 210.727 15 180.072
12 16 185.551 16 160.911
13 17 175.672 18 160.417
14 22 172.527 20 158.048
15 19 172.408 23 - 154.150
16 21 169.578 22 148.199
17 23 163.898 17 142.957
18 18 _ 162.090 19 141.530
19 ' 20 159.988 21 121.029
20 4 136.163 4 83.816
21 1 50.332 1 21.659
22 2 | .152 22 .000
23 23 .000 23 .000
24 24 .000 24 . 000
25 25 : .000 25 .000
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POST-PROCESSING ANALYSIS PROGRAM VERSION 2.30 LEVEL 851125

CUMFREQ

HOURIN DAYSIN RFACT 'NHR NLEV NR |

0. 0. 1000000. 1l 6 26

CUMULATIVE LEVELS:

100.0 200.0 500.0 1000.0 2000.0 3000.0
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POST-PROCESSING ANALYSIS PROGRAM VERSION 2.30 LEVEL 851125

CUMULATIVE FREQUENCIES OF 1-HOUR AVERAGES FOR . 12. OBSERVATIONS

RECEPTOR I LEVEL I LEVEL I LEVEL I LEVEL I LEVEL I
: I 100.0I 200.0I ' 500.0I 1000.0I 2000.0I

T T o mmmc————— tmmm———————— b P ——— +

1 - I 1.0000 I .0000 I .0000 I .0000 I .0000 I

CUM FREQ I 1.0000 T 1.0000 I 1.0000 I 1.0000 I 1.0000 I
R i —— e —— et et T L S tmm——m————— et

2 I 1.0000 I .0000 I .0000 I .0000 I .0000 I

CUM FREQ I 1.0000 I 1.0000 I 1.0000 I 1.0000 I 1.0000 I
- e —— e T e tomm— S tmmm————— e +

3 I "1.0000 I .0000 I .0000 I .0000 I .0000 I

CUM FREQ I 1.0000 I 1.0000 I 1.0000 I 1.0000 I 1.0000 I
tmmmm e T T e S LT LT R e +

4 I .8333 I .0833 I .0833 I .0000 I .0000 I

CUM FREQ I .8333 I .9167 I 1.0000 I 1.0000 I 1.0000 I
tommme e i LT tom——— e —e tommm e L L T -—+

5 I .5000 I .2500 I .0833 I .1667 I 0000 I

CUM FREQ I .5000 I .7500 I .8333 I 1.0000 I 1.0000 I
tommm e L DL e L et o R e T +

6 I .2500 I .2500 I .3333 I .0000 I 0000 I

CUM FREQ I .2500 I .5000 I .8333 I .8333 I 8333 I
o s et S L ST tom—m—m e R ettt et L T +

7 I .2500 I .0000 I .5000 I .0000 I 0833 I

CUM FREQ I .2500 I .2500 I .7500 I .7500 I 8333 I
' e L L LT tommm—— e e tom e —e e L +

8 I .1667 I .0833 I 2500 T .2500 I 0833 I

CUM FREQ I .1667 I .2500 I .5000 I .7500 I 8333 I
St e L LT T tommm e e T LT ittt +

9 I .0833 I .1667 I .2500 I .1667 I 1667 I

CUM FREQ I .0833 I .2500 I .5000 I .6667 I 8333 I
e tommmm e e LT tmmm———— e tmmm +

10 I .0000 I .2500 I .2500 I .1667 I .1667 I

CUM FREQ I .0000 I .2500 I .5000 I 6667 I 8333 I
tmm—m e tmmmm e — T T et T TP e
11 I  .0000I .0833 I ~ .4167 I .1667 I .1667 I
CUM FREQ I .0000 I .0833 I .5000 T .6667 I 8333 I
tommm— e tmmm— e tmmm e tomm————— s tomm—— e +

12 I .0000 I .0833 I 4167 I .2500 I .2500 I

CUM FREQ I .0000 I .0833 I .5000 I .7500 I 1.0000 I
tomm— e it et T T et e +

13 I .0000 I .1667 I .6667 I .1667 I 0000 I

CUM FREQ I 0000 I .1667 I .8333 I 1.0000 I 1.0000 I
T ittt ittt T et Fmmm———————— o —— e +

14 I .2500 I .3333 I .4167 I .0000 I ,0000 I

CUM FREQ I .2500 I .5833 I 1.0000 I 1.0000 I 1.0000 I
tomm e e R e LS tmmmr tommmm e +

15 I .5000 I 1667 I «3333 I .0000 I 0000 I

CUM FREQ I .5000 I .6667 I 1.0000 I 1.0000 I 1.0000 I
e e et tmmm———————e T tommmm——— e +

16 I .5000 I 1667 I: 3333 I .0000 I 0000 I

CUM FREQ I .5000 I .6667 I 1.0000 I 1.0000 I 1.0000 I
tom— e tmm—— e T T tmmmm——e e tommmmm— e +

Figure 7-4 (Page 6 of 14)

7-25



. POST-PROCESSING ANALYSIS PROGRAM VERSION 2.30 LEVEL 851125

CUMULATIVE FREQUENCIES OF 1-HOUR AVERAGES FOR 12. OBSERVATIONS
RECEPTOR I LEVEL I LEVEL IAVG:# OBS= I
I 3000.0T *kkdkddkdrn] 12.01I
+= + ‘ e +
1l I .0000 I .0000 I .0000 I
CUM FREQ I 1.0000 I 1.0000 I 20.9019 I
+ ——+ e +
2 I .0000 T .0000 I .0000 I
CUM FREQ I 1.0000 I 1.0000 I .0379 I
- + to——— ———t
3 I .0000 I .0000 I .0000 I
CUM FREQ I 1.0000 T 1.0000 I .0000 I
e L fom————————— +
4 I .0000 I .0000 I .0000 I
CUM FREQ I 1.0000 I 1.0000 I 72.8370 I°
e At tom——— e +
5 I .0000 I .0000 I .0000 I
CUM FREQ I 1.0000 I 1.0000 I 197.7600°I
e R e T S +
6 I .0833 I .0833 I .0000 I
CUM FREQ I .9167 I 1.0000 I 643.2588 I
o cnc e o= + ——————— +
7 I .0000 I .1667 I .0000 I
CUM FREQ I .8333 I 1.0000 I 1588.9744 I
e e e DS T L L +
8 I .0000 I .1667 I .0000 I
CUM FREQ I .8333 I 1.0000 T 1600.8711 I
tom——— e e o= +
9 I .0000 I .1667 I .0000 I
CUM FREQ I .8333 I 1.0000 I 1488.1345 T
e D T S o +
10 I .0000 I .1667 I .0000 I
CUM FREQ I .8333 I 1.0000 I 1306.5010 I
tom———— e e attr e +

g I 0833 I———0833 - ——0000—1I - -
CUM FREQ I .9167 I 1.0000 I 966.1931 I
tomm—m e ——— R e LT +
12 I .0000 I .0000 I .0000 I
CUM FREQ I 1.0000 I 1.0000 I 596.7200 I

to—————— + - e e + .

13 I .0000 I .0000 I .0000 I.
CUM FREQ I 1.0000 I 1.0000 I 395.0935 I
tomm e e et B PR +
14 I .0000 I .0000 I .0000 I
CUM FREQ I 1.0000 I 1.0000 I 188.3696 I
e et e e +
15. I .0000 I .0000 I .0000 I
CUM FREQ I 1.0000 I 1.0000 I 163.6959 I
. e it e ——ee o +
16 I .0000 I .0000 I .0000 I
CUM FREQ I 1.0000 I 1.0000 I 146.2810 I
Y e e T T tomm e e et T +

Figure 7-4 (Page 7 of 14)
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POST-PROCESSING ANALYSIS PROGRAM VERSION 2.30 LEVEL 851125

CUMULATIVE FREQUENCIES OF 1-HOUR AVERAGES FOR 12. OBSERVATIONS

RECEPTOR I LEVEL I LEVEL I LEVEL I LEVEL I LEVEL I
I 100.0I 200.0I 500.0I 1000.0I 2000.0T
R tmm———————— e e Fommm e +

17 I .5000 I .1667 I «3333 I .0000 I .0000 I

CUM FREQ I .5000 I .6667 I 1.0000 I 1.0000 I 1.0000 I
b tmmm——————— tm—————————— R fmmmmm——— +

18 I .5000 I .1667 1 . «3333 I .0000 I .0000 I

CUM FREQ I .5000 I .6667 I 1.0000 I 1.0000 I 1.0000 I
bommmm——————— tomm———————— it fommm— e et +

19 I .5000 I .2500 I .2500 I .0000 I .0000 I

CUM FREQ I .5000 I .7500 I 1.0000 I 1.0000 I 1.0000 I
o ————— tmm———————— tommm— - fommmm——————— e T +

20 I .5000 I .2500 I .2500 I .0000 I 0000 I

CUM FREQ I .5000 I .7500 I 1.0000 I 1.0000 I 1.0000 I
fommm——————— e R e T e fmmmm e +

21 I .5833 I .2500 I .1667 I .0000 I .0000 I

CUM FREQ I .5833 I .8333 I 1.0000 I 1.0000 I 1.0000 I
e R e T e T tommm e T +

22 I .5833 I .1667 I .2500 I .0000 I .0000 I

CUM FREQ I .5833 I «7500 I 1.0000 I 1.0000 I 1.0000 I
e T L o fomm———————— tommmm e +

23 I .5833 I .1667 I .2500 I .0000 I .0000 I

CUM FREQ I .5833 I .7500 I 1.0000 I 1.0000 I 1.0000 I
fommm e tmm——————— fommm fommm e ———— it +

24 I 1.0000 I .0000 I .0000 I .0000 I .0000 I

CUM FREQ I 1.0000 I 1.0000 I 1.0000 I 1.0000 I 1.0000 I
tommm e tommm— e e —— o e +

25 I 1.0000 I .0000 I .0000 I .0000 I .0000 I
.CUM FREQ I 1.0000 I 1.0000 I 1.0000 I 1.0000 I 1.0000 I
R tmm————— e o — o ————— fommm— e +

26 I 1.0000 I .0000 I .0000 I .0000 I .0000 I

CUM FREQ I 1.0000 I 1.0000 I 1.0000 I 1.0000 I 1.0000 I
. fommmm e et o ———— fommmm——— e it +

Figure 7-4 (Page 8 of 14)
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POST~-PROCESSING ANALYSIS PROGRAM VERSION 2.30 LEVEL 851125

CUMULATIVE FREQUENCIES OF . 1-HOUR AVERAGES FOR 12. OBSERVATIONS
RECEPTOR I LEVEL I LEVEL IAVG:# OBS= I
I 3000.0I #**dkkkkkkk®] 12.0T
o fommm———— fmmmm—————— +
17 I .0000 I .0000 I .0000 I
CUM FREQ I 1.0000 I 1.0000 I 137.7110 I
fommm fem—————— —tm———- ————— +
18 I .0000 I .0000 I .0000 I
CUM FREQ I 1.0000 I 1.0000 I 130.6924 I
pmm———————— tm——— -—t
19 I .0000 I .0000 I .0000 I
CUM FREQ I 1.0000 I 1.0000 I 117.9913 I
fem————————— tom———————— b ———— +
20 I .0000 I .0000 I .0000 I
CUM FREQ I 1.0000 I 1.0000 I 111.6660 I
b ————— - + -+
21 I .0000 I .0000 I .0000 I
CUM FREQ I 1.0000 I 1.0000 I 99.9922 I
+- tm——- e -
22 I .0000 I .0000 I .0000 I
CUM FREQ I 1.0000 I 1.0000 I 104.5212 I
O + + -+
23 I .0000 I .0000 I +0000 I
CUM FREQ I 1.0000 I 1.0000 I 102.3362 I
+ - + = ———t
24 I .0000 I .0000 I .0000 I
CUM FREQ I 1.0000 I 1.0000 I .0000-I
pm—mm——————— tom e ——— fomm——————— -
25 I .0000 I .0000 I .0000 I
CUM FREQ I 1.0000 I 1.0000 I .0000 I
. o ————— et S $mmmm——————— +
26 I .0000 I .0000 I .0000 I
CUM FREQ I 1.0000 I 1.0000 I .0000 I
e SE prmm———————— +

Figure 7-4 (Page 9 of 14)

7-28



POST-PROCESSING ANALYSIS PROGRAM VERSION 2.30 LEVEL 851125

PEAK

NHR ' THR HOURIN DAYSIN NH

3 1300. 0. 0. 1
RFACT UNITS LPRINT NR SCALE

1000000. T 26 1.
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POST-PROCESSING ANALYSIS PROGRAM

1300.0000 uG/M*#*3
**x%%* CONCENTRATIONS

RECORD . TOTAL
1 36.6827
.2 315.7881
3 5780.7266
MEAN 2044.3992

1300.0000 uG/M**3
*%*%% CONCENTRATIONS

RECORD TOTAL
"1 61.9990
2 583.2815
3 5005.6133
MEAN 1883.6313

1300.0000 uG/M**3
**%%* CONCENTRATIONS

RECORD TOTAL
1 98.6686
2 597.5732
3 4275.8281
MEAN 1657.3567

1300.0000 uG/M#**3
*%*%% CONCENTRATIONS

RECORD TOTAL
1l 147.6522
2 596.3550
3 3396.9314
MEAN 1380.3130

1300.0000 uG/M**3
**%%* CONCENTRATIONS

RECORD TOTAL
1l 418.7693
2 1035.9919
3 10003.5508
MEAN 3819.4373

1300.0000 uG/M**3
*%*** CONCENTRATIONS

RECORD TOTAL
1l 765.3591
2 1899.4578
3 9035.2695
MEAN 3900.0288

1300.0000 uG/M**3
**%% CONCENTRATIONS

RECORD TOTAL
1l 1205.0320
2 1659.7881
3 7850.3945
MEAN 3571.7380

EXCEEDED AT DAY
(UG/M**3 )
MIX
1000
450
9999

EXCEEDED AT DAY
(uG/M**3 ) .

: MIX
1000
450
9999

EXCEEDED AT DAY
(UG/M**3 )
MIX
1000
450
9999

EXCEEDED AT DAY
(UG/M**3 )
MIX
1000
450
9999

EXCEEDED AT DAY
(UG/M*%3 )
MIX
9999
9999

EXCEEDED AT DAY
(UG/M**3 )
MIX
9999
9999
9999

EXCEEDED AT DAY
(UG/M#**3 )
MIX
9999
9999
9999

DIR

9999

VERSION 2.30

1 HOUR 9 AT RECEPTOR

WEATHER

DIR STAB SPD
220 4 3
220 4 15
220 5 2

1l HOUR 9 AT

WEATHER

DIR STAB SPD
220 4 3
220 4 15

220 5 2

1 HOUR 9 AT
WEATHER
STAB SPD
220 4 3
220 4 15
220 - 5 2

1 HOUR 9 AT
WEATHER
DIR STAB SPD
220 4 3
220 4 15
220 5 2

1 HOUR 12 AT
WEATHER
DIR STAB SPD
220 5 4
220 6 3
220 6 4

1 HOUR 12 AT
WEATHER
DIR STAB SPD
220 5 4
220 6 3
220 6 4

1 HOUR 12 AT
WEATHER

DIR - STAB SPD
220 5 4
220 - 6 3
220 6 4

Figure 7-4 (Page 1l of 14)
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POST~-PROCESSING ANALYSIS PROGRAM VERSION 2.30 LEVEL 851125

1300.0000 uG/M#**3
*%%k%* CONCENTRATIONS

RECORD TOTAL
1l 1448.5771
2 1367.1082
3 . 6407.2852
MEAN .3074.3235

1300.0000 uG/M*#*3
***% CONCENTRATIONS

RECORD TOTAL
1l 1319.3792
2 1246.4692
3 2941.3101
MEAN 1835.7195

EXCEEDED AT DAY 1 HOUR 12 AT RECEPTOR 10

(uG/M**3 ) WEATHER
MIX DIR STAB SPD
9999 220 5 4
9999 220 - 6 3
9999 220 6 4 -

EXCEEDED AT DAY 1 HOUR 12 AT RECEPTOR 11

(UG/M**3 ) WEATHER
: MIX DIR STAB SPD
9999 220 5 4
9999 220 6 3
9999 220 6 4

Figure 7-4 (Page 12 of 14)
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POST-PROCESSING ANALYSIS PROGRAM

TOTAL MAXIMUM CONCENTRATIONS (uG/M*#*3 ) FOR

VERSION 2.30

LEVEL 851125

4 ( 3-HOUR) AVERAGING PERIOD(ﬂ

+ 1+ 2 + 3+ 4 + 5 + 6 + 7+ 8
bmm———— + + + _ + -t ———fmm—em———— m————— -
! 50.332! .152! .000! 136.163! 269.780!1262.204!3819.437!3900.0%
! 1 3! 1 3! o o! 1 3! 1 12! 1 12! 1 12! 1 1.
+ 9 + 10 + 11 + 12 + 13 + 14 + 15 + 16 J
pom——— + S + s ————p e ———— et DL tmm————
13571.738!3074.32311835.719! 983.936! 534.781! 252.305! 210.727! 185.551
! 1 12! 1 12! 1 12! 1 12! 1 12! 1 9! 1 9! 1 @
17 18 + 19 + 20 + 21 + 22 + 23 + 24
-------- S S e e P e e e s e e L D L
175.672! 162.090! 172.408! 159.988! 169.578! 172.527! 163.898! .0
1 9 1 9! 1 9! 1 6! 1 9! 1 9! 1 6! 0 1
25 26 +
-------- +
.000 .000!
o o o o!

Figure 7-4 (Page 13 of 14)

7-32



POST~-PROCESSING ANALYSIS PROGRAM

NUMBER OF 3~-HOUR AVERAGES ABOVE
RECEPTORS : ,

——————— tmm——————t —-——t ——
1- 8! o ! . 0 ! 0
------- 1mm l———- ! -
9- 16! 2 ! 2 ! 1
------- R e o DS
17- 24! o ! o ! 0
....... 1----_---!--a-----!--------
25- 26! o ! o !
------- R e ]

VERSION 2.30

L e R +

1300.0000 uG/M**3

4= 0= 4= s= o= o |

FOR
-------- +
o
-------- !
o !
-------- !
o !

!

Figure 7-4 (Page 14 of 14)
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12 HOURS
________ b ————

2 ! 2
________ | cmmmmme

o ! 0
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o ! 0
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