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This documant describes the Airport Vicinity Air Pollution (AVAP)
Model modified by the Energy and Environmental Systems Division of Argonne
National Laboratory for the Federal Aviation Adrg ini.tratl on under In te r—
Agency Agreement DO —FA71WA1-223. This version of the model , Airport
Vic inity Air Pollution o a evicted Version, provides a ‘4ftrst—
gue ss~’ est imate of an airport air pollution distribution based on more
general input informa t ion than is described in Report No. PAA—RD—75—230 .
the model ’ s pr imary form .

The-user must establish a right—handed Cartesian coordinate system
as a bssig for describing an airport layou t , then decide whether to use
supplied default values applicable to the types of a ircraf t  and airport

\ facilities .

The estimat , of pollutant concenttation . are computed for selected
individual receptor locations based on the dispersion of pollutant emissions
from area and line type sources. Pollutant emission levels due to each
member of a source type are tabulated. The reaults of a one one—hour
modelin g period of aircraft arrival—departure activities , airport ground—
support services , and airport access vehicle roadways ar, tabulated for
each receptor location and pollutant species.

nTh e document presents a discussion of the theoretical considerations
fundamental to the AVAP Model Abbreviated Version as well as program
flow diagrams essential to understand ing the theory. Required sequentia l
card data input to the program is illustrated along with substitution
options for program conatants. Additionally, an examp le problem and a

• program listing are provided .

17 •., Wo, d. 18. D,iN~bution Sto~.,,, .nt

Airp ort Vicinity \ Document is available to the U.S. public
Air rollution through the National Technical lnf9rmation
Modeling Service , Springfield , Virginia 22l~ l.
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1 INTRODUCTION

The Airport Air Pollution Model, Abbreviated Version was developed

at Argonne National Laboratory and executed on the IBM 360 Model 195 within a

core region of 250K bytes while utilizing less than one minute of computer

t i,me. The FORT RAN coded program is yet another ver sion of the Airport

Air  Pollution (AVAP) Model1 modified to provide a first—guess estimate

of an airport air pollution distribution.

This document discusses th e theoretical considera tions f undamen tal

to the mode l s desc ribes data inout reouirements for using the nro~ ram , and

i l lust rates the use of model by presenting an example problem. Therefore,

users of the document should be technical personnel concerned with using the

computer code for assessing air pollution impacts of commercial and general

avia t ion airports.  For more comprehensive studies , the model ’s primary form

shou ld be used . - 

-

In Section 2 , the collection of fo rmulas that form the basis of the

computer program are presen t ed . Detailed descriptions are to be found for
- - . area source and line source dispersion formulas. Although they are not

used in this abb reviated version of AVAP , the Gaussian plume formula for a - 
-

point  sou rce , the Carson—Moses plume rise formula, and the Briggs formula

fo r es t imating stack downwash effects  are presented .

Section 3 provides guidelines for preparation of the input data .

The formats and meanings of the input parameters are given along with their

relative card position In the input sequence. Almost all of the input

~“raxneters that appear in this section havedefault values. Those that

do not have default values are marked in Table 3.1. with the asterisk (*)
character.

Section 4 provides a description and a table of the default values

of the input parameters. All of the default values appear in the BLOCK DATA

subprogram of the computer program; all or some of them can be changed by

the appropriate data—card insertion.

.g 4. - -
~~~~~

--- 
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SectIon 5 presents a complete example problem that details the

resultant output from the model. Appendix A illustrates the conversion of

pollutant concentration units and Appendix B gives the program f low

diagrams of selected computational modules .

A complete listing of the FORTRAN coded program is found in

Append ix C.

1~
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2 FO1~4U LAS FOR CONCENT RATION CAL CULATIONS

The formulas presented in this section will apply to both forms of the

AV AL ’ Mode l except that Point Source calculations are not required when using

tho abb reviated version . They form an outline of the most basic set of equations

fo r  concentrat ion calculations but are not to be regarded as the complete set

that covers all practical conditions of application. The user of the AVAP Mod el

should consult the references quoted in this document for more complete descrip—

t ions .

2.1 DISPERSION COEFFICIENTS and

The dispersion coefficients a), and (miles) indicate the amount the

pollutant plume has spread (dispersed) after leaving its source. To avoid un-

realistic behavior of the G functions at very high and very low wind speeds,
the following formulas are used:

= Max ayT (T)
~
aYx (x) j 0 (1)

and a E a
~

(T) Max
~
oZT

(T) ,O
ZX

(x) (2)

where x is the downwind distance and T = xlu is the travel time. In Eqs . (1)

and (2), 
~~T

(T) and O
T
(T) denote the travel—time—dependent dispersion coeff 1—

cients. Curves of OyT (T) for different Turner stability classes are displayed

in Fi gure 2.1. Turner’s original values for two—hour sampling time have been

converted to one—hour sampling time by multiplication with the factor (1/2)
0.2

= 0.87.  No conversion factor for sampling time is applied to the a T(T) values

which are plotted in Figure 2.2. Figures 2.3 and 2.4 show the downwind—distance—

depe n de n t dispe rsion coef f icien ts a
~~

(x) and a
~~

(x) derived from curves in Tur—

ncr ’s Workbook for 10—minute sampling time, by multiply ing the original a (x)

values by (60/1OY and the original 0 (x) values by (20/b y . In doing so

we have assume d that the vertical dispersion coefficient is insensitive to

sampling times beyond 20 minutes , as suggested by Slade.

:‘.Z POT”T SOURCE DISPERSION EQUATIONS

f l i c  short—term average concentration at the recptor point (x5y ,z) due

t o  1 point sou r ce a t

_ _  

78
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Xp 2ruc l e  exj , 2 ~ -y z  y

1 Z—H 2 1 Z+H 2 1
~~exp -

~~~~~ ~
—) + exp -

~~~(
‘
~

—- j . (3)
I 2 - 2

where

y crosswind distance f r om  p l,.ase centerline ,

Z distance above ground ,

u — wind speed at source height H (See Sec . 2.5) .

Q • emission rate  of the point source in mass per unit  t ime ,

= horizontal dispersion coefficient ,

o vertical dispersion coefficient
z

In the AVAP Model , p lumes emitted from point sources are assumed to have

finite initial dimensions (o~~ oz 
= 100 ft. at the source point (0,0,11) when

downwash does not appear).

If there is no interference from the ski lid , (see Sec. 2. 6 for

its effects) the source height is generally computed as the sum of the physical

st ack height h and p lume rise ~h given by the Carson—Moses formula :5

(1,)

where:

— wind speed (mi/hr) at physical stack height ,

A — 0.870 for  stability classes 1 to 3,

egi 0.354 for class 4,

sp — 0.222 for class 5, and
Qh — heat emission rate of the point source in Btu/hr.

Stack downwash is assumed to occur if 
Ug 6 mph. The physical stack

height h is then replaced by Briggs ’ modified stack height:
6

Z + 2 (V /U - l.5)D , 
(5)

h ’ . ~ ~ 5 8

Z tf V > 1.5 U ,

where :

- modif ied stack height after stack downwash,
V
~ — stack effluent velçcity , and

— stack diameter.

Al~ u, with stack downwash the initial plume dimensions are reassigned in the AVAP

~~d t I to ~1mulate average city block size and building height (o~0 — 250 f t ;
— 40 ft). - 1

_  _ _ _ _ _  _ _ _
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For point sources w i t h  poor aerodynami c cha rac te r is t i c s , such as vents
er very short stacks on buildings , Is automatically assumed to be 250 ft

and the bu~ 1dIng height  h is used to compute a (o — h/1.2). if ii is not
supp lied by the user the default value of 40 ft is used for 

~~~~

2. ~ AREA SOURCE D l  S1’ERS ION i:QUA’r IONS

In the :WA1’ Modal , two sets of dispersion equations are used for area

sources . For convenience , area sources are class I f led as “near” sources and

“far” sources depending on the relative location of the receptor anti the area

sou rce .

F i r s t,  the critic al dis tance  for  m ix ing ,  x , Is computed from the mixing

hi ’i 5ht value L by the equation

— x /u) — 0 . 4 7  L. (6)

I f  th e  c r it i c a l  distance measured upwind from the receptor is downwind of the

downwind edge of the area source , the area source is defined as a “fa r ”
sou rce .  if the c r i t i ca l  di s tanc e  measur od upwind from the receptor extends
It ev ond the upwind edge of the sou rce , the entire area source is treated

as ‘ near.” There will be cases in which an area source is part i t ioned
into a “near” and a “ far ” source relative to the receptor . The detailed logic

or ar ea  source classification Is presented in Appendix B on p. 8—14.

The f ar  area sources are treated conventiona l ly,  w i t h  the  horizonta]

and v er t i c a l  dispersio ns rep resented separately, each by an upwind v i r tua l  point

source , so that  at the downwind edge of the area source — and at the

center ~ • - For an area source of side length d and vertical spread h ,

t i . ’  n i t t a l ( :iussian wid th s  are given by o~~ — d/2.4 and — ii/ 1. 2 .

For a complete discussion of the t rea tment  of near area sources , the

• reader is refer red  to a separate r eport .7 Briefly, it is to treat  the area

source in such a manner that the z component is represented by an upwind virtual
l ine  segment along the wind direction instead of a single point , with the

simplifying assumption that o.
~ 

is held constant ove r the area source. The
r - component is analytically integrated over th. line segment. Therefore,

for receptor locations immediately downwind of the area source , the model is
expected to give more realistic concentration profiles than the conventional

ar ea source model.

_ _  ~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-

~~~~~~~~~~~

I
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The short—term average concentration at the receptor point (x ,y,a) ,

due to an area source having its geometrical canter at (O ,O,Za) ,  is given by

___________ 
1

~ ~
y \ y 

-)

- 
~~~~~~~~~~~~ 

2 ; Z + Z  ~___ + exp 
~~ ~~~~ J ’

where , L’ — o ( 1 2 ) —
~‘n (c~ (T

1
) /u

~~
(T .,) )

b - 
~~~ (T 1TT2 )

i t  b — 1 , the f a c t o r F / ( l — h )  I n  Eq. 7 should be replaced by T 1 
Q n (T,/T 1

)/

~
1
:

(T
i
).

En the above eq uations , T1 
denotes the sum of T5 (pseudo 

travel t ime p

correspond ing to o )  and the trave l time f rom the downwind edge of the area

source to the receptor , and 1 .) denotes the sum of T and the t r ave l  t ime from

H the  upwind edge of the area source to the receptor .  I f  the receptor is  In side  the

•trea sou rce , T
1 

— 0 .  o
~ 

is computed w i t h  a trave l t ime ;o that o~, — d/2 .4  at

th e  dow nw i n d  edge of t h e  source , ~t LI  the  receptor is Lnside the source it Is

.ts’; umed to be d / 2 .  4 at th~~ receptor.

2 .4  FI ~~E TE L I N E  SOURCE DISPERSION EQUAT ION S

The s h or t — t e n a  average concentra t ion at the receptor point (x ,v ,z)

d ue to a m it e line source w i t h  i nc l ina t ion  ang le 0 re la t ive  to groun d ,
ax i m u t h a l  angle ~ ‘ r e l a t i v e  to the wind vector and its end points at (0,0,0)

m d  ( l i -os ~~~~ t ’O5 ~~, Lcos ~ sin 4~, Lai n 0) is given by

— -  — —  .3 , (8)
2T1 ucl a

with 2 -

- (v’~n/2) .A.~~ ~~~~ ~B— C ~~ erf(B1
+L/A~ — erf

where —

— ,
.
~ 

~~ 
‘ COS 0 sin .

~ ~~~~~ 
+ s(~

20 ~ ‘ - 

~~~~~~~~~~~~~~~~~~~~~ ~- -- 
- 
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/
— — 2 

~y ~z 
~ -2 

- A. [ Y cos~1 ~ in (~ + ( Z — I I )  s m n ~ 7 
2]

— —2 7
v 

-2 
. A ; [ Y  cos t~ stn~ + (Z+H) ain O - 2

-

I — 22ci 2i
V Z

- + 
(Z+H~~ 

1/2

- 2~y z

I lie above formula Is applicable only under certain conditions. For a

complete d iscuss ion of the various criteria and the reasons behind them , the

user is re fe r red  to R e t s .  8 and 9. Normally, when the line source subtends a

sufficientl y large angle re lat ive to the wind vector , for exwnplt’, a uniform ,

ho r i z o n t a l  l ine  w i t h  ~ greater  than 450, the formula is used without  the sag—

mentation scheme discussed in the references mentioned above. The dispersion

coefficients a and a are evaluated with an effective downwind distance cor—y z
responding to a point  on the line tha t  is d i rec t ly  upwind of the receptor .

When the r e l a t i ve  angle is very smal l (— 10°), the fo l lo wing approximation

f o r m u l a  is used:

T 2 2
— 

~ z1 CX~ L — 
2 — 

~~~2 ]
Again , for a long line source , the line is divided into shorter segments , and an

e f f e c t i v e  ~i and a for each segment is evaluated for the downwind distance
co rresponding to the midpoint of the segment. For angles between 10° and 45 0

Eq. 8 is used with the ~~gmentation scheme.

2. r) WINE) PROFILE LAW

To convert  the wind speed measured by anemometer at a local airport

( t y p i c a l  Iv 30 f t  above ground) to that  at the’ physical stack height h or to

that at the e f f e c t i v e  source he igh t  U we use a power 1mw relation ot  the form :

P
~ (7~~) ~~~~~~ . (I0~



- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

— —

14

The exponent P , as determined by DeMarrais~~
0, depends on the s t ab i l i ty  class

and is given in Table 2 1 .

Tab le 2.1 Exponents for Wind Profile

Stability Class P

Unstable ( c z 3 )  0.2

Neutral (4) 0.3

Stab le (5) 0.4

Very Stable (6) 0.5

2 . 6  EFFECTS OF SKY LID

The lower surface of an elevated inversion layer Is referred to as the

sky lid , and as a rough approximation it is assumed to act as a perfect reflec—

ror. Thus the plume would generally be reflected repeatedly from two parallel

surfaces , the ground and the sky lid. If rho reflected plumes from a point

source are represented by multiple image sources (see Fi g. 2.5), then the net

concentration at the receptor can be expressed in terms of a multiple image

se~ries ’

N
— ~: \_.~~~ 

(11)
[ — 0  ‘

where — concentration due to original source, and

- concentration due to image source .

The above formula is used with N — 6 (i.e., three image sour ces below ground
and three above the sky lid) when the downwind distance x of the receptor from

the source is less than 2 x as calculated from E q . ( 6 ) .  For downwind distances

x 2 x , the net concentration is calculated with the assumption of full mixing

in the  m i x in g  layer , and

- — exp - 1/2 ’
~~~ 

1 . ( 12)
y 

, 

--—-- - -=~~~ - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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For some point sources (e.g., power plants with tall stacks), the

calculated effective emission height H may be greater than the lid height ,

especially when the latter is small. These cases are not eliminated from con-

sideration in the AVAP Model, but are simulated by using dispersion coefficients

and plume rise for stably stratified air (stability class 5). Depending on

the relative position of the lid , the physical stack height,and the computed

effective stack height , the model will in some cases reassign the effective

stack height or the lid height values.

For near area sources, there are no sky lid effects by definition.
For far area sources, the sky lid effects are handled the same way as the

point sources .

The sky lid effects on line source dispersion are handled by a simple

linear interpolation scheme. For effective downwind distances (see Section 2.4

f or def inition) less than the critical distance x~ , no sky lid effects are
assumed ; and for effective downwind distances greater than 2 x,uniform vertical

mixing is assumed by using the integrated expression for the Z—component.

For downwind distances between X and 2 x~ a linear interpolation is applied

to the concentration values obtained at x and 2 xc c
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3 DESCR IPT ION OF INPUT

The first cix (6) cards in the data deck (see Table 3.1) are the

problem title and program parameter input cards required for every app1!—

cation of the model.

Card 1 is a single card of Input having no computational value in—

ternal to the code. It may be punched or left blank . If punched , the same

will appear as the first line of printed output.

Card 2 provIdes at least one i d e n t i fy i n g  symbol chosen f rom the
fol lowing set:

CO — Carbon Monoxide
THC — Total Hydrocarbons
NOX - Nitrogen Oxides
PART — Total Suspended Particulate

If  the card is multiply punched , the program will calculate in turn the

estimates of pollutant concentrations corresponding to the specified species. it

Card 3 will provide the necessary meteorological data. Of the entries

made on this card , the atmospheric stability index (JSTAB) should be deduced

on the basis of wind speed , cloud cover , time of the day and other isolation
parameters according to the scheme outlined by Turner13. Then lid height

(NL ID) , if not obtainable by processing local sounding data , is estimated on

the basis of JSTAB and the monthly average afternoon maximum mixing depths

(meters above surface) tabulated by Holzworth1-1 . The twelve (12) average

values that are directly coded into the program (FUNCTION HNIX) apply to the

Washi ngton , D.C. , region and are ordered by month (NMONTH) as follows : 400,

570 , 1000 , 930 , 1120, 1310 , 1180 , 990 , 980, 570, 680 , and 480 (meters).

Card 4 provides an accounting of the receptors (points at which the

model mus t estimate the pollutant concentration), the aircraft and aircra ft—

engine types , and the airport—access vehicle roadways . The aircraft area

source comprises four emission sources: (1) ground service vehicles , (2)

auxiliary poweruunits, (3) atvtraft taxi within the area , and (4) aircraft—

engine Idle within the area. Therefore, an entry should exclude the aircraft

area source (NACA O) whenever the effects of all the above emission sources

are suppressed . The non—aircraft area source Is assigned pollutant emission

levels later in the input stream , but may be excluded by setting NANPt to

n-rn (0).
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Card 5 provides the indicators for user selected input. All of the

punched card columns require that all corresponding card numbers, punched

with all assoc iated data , appear in the appropriate order of the input

stream . For example , columns 18 and 21 are punched in order to indicate

that card number 10 and card number 11 will appear in the input stream

(see Table 3.1). 8oth of these bears entries for the number of engines

with which each aircraft type is equipped , and the second bears ent r ies
that indicate the engine types.

Card 6 provides the location of specific receptor points.

The remainder of the input data deck is described in a list form

in order to Identify clearly those cards tha t are required for every appli-
cation of the model and those cards that are used to over—ride program

default values.

C.~rd 7 thru Card 11 Refer to default values on page 27.
Card 12 Refer to default values on page 28.
c a r d  13 Refer  to defau l t  values on page 30.
Card 14 Airport  runwa y coordinates are always present.
C.~rd 15 Refer to default values on page 30.
Card 16 thru Ca rd 18 Refer  to defau l t  values on page 29.
Card 19 Refer to default values on page 30.
Card 20 and Card 21 Airport taxiway coord inates are always present.
Car d 22 Refer to default values on page 30.
Card 2~ and 24 Runway apron coord inates are always present .
Card 25 thru Card 27 Refer to default values on page 30.
C~rd 28 Is required for access vehicle roadway coordinates .
Card 29 is required for airport terminal area coord inates.
Gard 30 and Card 31 Refer to default values on page 30.
Card 32 Refer to default values on page 31.
Card 33 Refer to default values on page 29.

~~~~~~~ 34 Refer  to default values on page 31.
Card 35 and Card 36 Refer to default values on page 29.
Card 37 Is required for airport non—aircraft area coordinates .
Card 38 Is required for airport non—aircraft area pollutan t

~nission level .

Note that , for the hour of interest , the user specif ies the number
of arriving aircraft of each type in Card 7. The number of aircraft

departing during that came hour is assumed equal to the number of arrivals.

~

- - - j
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I ti. le ‘~ . 1 . Card lnpu Sequence

Card Type Columns Format (‘omment

I tj cnrd )~ 1—80 ( 2OA4 ) T i t l e  card may be punched or l e f t  blank .
Ti ri~:

2 I. 1 c ar d) *
CO 1— 2 (A4) Four fields having four columns each are provided
rH~ 5—7 (A4) so that one or more pollutant species may be
NOx ~— 1l (A4) chosen for the model run.
PAR r il —l b (A4)

1 ( 1 c a r d ) *
H TAE R O 1—8 F8.O He igh t  ( f e e t )  at wh ich  wind speed and d i r e c t i o n

are measured.
9— 16 F8. O W ind speed (knots).

D I R  [7 - 2 4  F8.0 Wind di rect ion (degrees) .
r~ir 2S-32 F8.0 Ambient temperature (degrees F).
.ISTAB 3 3 — 40 18 Atmospher ic  s t a b i l i ty  index.
SL I t) 41—48 IS Lid heigh t (tens of f e e t) .
MONTh 49-50 12 Month of year (required whenever NLID O).
:~~ 5 1-52 12 Hour of day (required whenever NLID O and JSTAB=4). it -

-~ (1 .ard’)~ IS The total number (~ 20) of receptor locations at
N SR ib 2O 15 wh i ch  the model must es t imate pollutan t levels

21 —25 15 The number (~~l0) of d i f f e r e n t  a i r c r a f t  types
(872 7 , TØ, e t c . )  usi ng a i rport  f a c i l i t i e s .

N 1 N I  2b —3O IS The number (~ 5) of d i f f e r e n t  a i r c r a f t  engine types
(JT8D ,TPE33 1~ with  which the above a i r c r a f t  are
equipped.

NAV ~ 3 1—35 15 The number (~ 60) of motor vehicle roadways leading
i n to the airport.

36—40 15 1 if a i r c r a f t  area source is included.  0 othe rwIse.
41 — 45 IS I if non—aircraf t  area source is included.  0 o therwise .

5 ( 1 ard)+ If a blank or zero appears in any column the
default value is used.

DFALLT a ~ T Card 7 data -— user defined.
2 12 Card 8 data —— user defined.
3 15 Card 9 data —- user defined.
4 18 Card 10 data -— user def ined.
5 21 Card 11 data —— user defined.
h 24 Card 12 data —— user defined.
7 17 Card 13 data —— user defined .
8 30 Card 15 data — - user defined.
~
) 33 Card 16 data -— user defined .

10 35— 36 Card 17 data —— user defined.
I i  38— 39 1~ Card 18 data -- user defined .
12 41—42 Card 19 data —— user de f ined .
i i  44—45 Card 22 data —— user def ined .
14 47—48 Card 25 data —— user defined.
15 50—51 Card 26 data — — user defined .
ft 53—S 4 Card 27 data —— user defined.

-
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Table 3.1. Card Input Sequence (contd.)

~ard Type Column s Format Comment

17 56—57 Card 30 data —— user defined .
18 59—60 Card 31 data —— user defined .
19 62—63 Card 32 data —— user defined .
20 65—66 Card 33 data —— user defined .
21 68—69 Card 34 data —— user defined .
22 71—72 Card 35 data —- user defined.
23 74—75 -1.. Card 36 data —- user defined .

~ (NS R cards)*
NRUSED 1-2 12 Any reference number.
XRECP 3—10 F8.0 X coordinate of receptor (mi
YRECP 11-18 F8.0 Y coordinate of receptor (mi
ZR.ECP 17—26 F8.0 Height of receptor (ft

~ (1 card) NACT entries of the number of arriving
NAC(K) 6—55 (5x , 1015) aircraft of each type K. (Number of de—

partures assumed to be the same as the
number of arrivals).

~~(l card)
FLNDG(K) 6—55 (SX, NACT entries of time (hours) in landing

10F5.0) mode for aircraft type K.

~ (1 car d)
FrKOF(K) 6—55 (SX , NACT entries of time (hours) in take—off

10F5.0) mode for aircraft type K.

0 (1 card)
NGIN(K) 6—55 (5X,1015) NACT entries for the number of engines

with which aircraft type K is equipped .

1. (1 card)
LN (.,N(K) 6—55 (SX,lOIS) NACT entries for the engine type with

which aircraft type K is equipped .

a (NEN T x 4 card s)
EMI (I ,J ,K) 16—55 (15X , For each of the above engine types,

SF10.0) enter an emission rate (lbs/hr) for each
pollutant K (specified on card type 2).
Cards 1 thru 4 for each engine type
throttle setting will correspond to
taxi, idle, landing and take—off modes,
respectively.

3 (1 card)
DSRW 16-25 P10.0 Width (ml) of initial dispersion on runway.
HRW 26-35 P10.0 Height (mi) of initial dispersion on runway .
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Table 3.1. Card Input Sequence (contd.)

Card Type Columns Format Comment

17 56— 57 Card 30 data -— user defined .
18 59—60 Card 31 data —— user defined .
19 62—63 Card 32 data —— user defined .
20 65—66 Card 33 data —— user defined .
21 68—69 Card 34 data —— user defined .
22 71—72 Card 35 data —- user defined.
23 74—75 .J.- Card 36 data —— user defined .

6 (NSR cards) *
NRUSED 1—2 12 Any reference number.
XRECP 3—10 F8.0 X coordinate of receptor (mi
YRECP 11—18 F8.0 Y coordinate of receptor (mi
ZRECP 17—26 F8.0 Height of receptor ( f t

7 ( 1 card) NACT entries of the number of arriving
NAC(K) 6—55 (5X, 1015) aircraft of each type K. (Number of de—

partures assumed to be the same as the
number of arrivals).

8 (1 card)
FLNDG(K) 6—55 (5X, NACT entries of time (hours) in landing

1OFS.0) mode for aircraft type K.

9 (1 card)
FTKOF(K) 6—55 (5X, NACT entries of time (hours) in take—off

1OFS.0) mode for aircraft type K.

10 (1 card)
NG IN(K) 6—55 (5X ,1015) NACT entries for the number of engines

with which aircraft type K is equipped .

11 (1 card)
J.N(,N(K) 6—55 (5X,l015) NACT entries for the engine type with

which aircraft type K is equipped .

12 (NEN T x 4 cards)
EMI (I,J,K) 16—55 (15X , For each of the above engine types,

SF10.0) enter an emission rate (lbs/hr) for each
pollutant It (specified on card type 2).
Cards 1 thru 4 for each engine type
throttle setting will correspond to
taxi, id1e~ landing and take—off modes,
respectively.

13 (1 card)
DSRW 16—25 P10.0 Width (mi) of initial dispersion on runway.
HRW 26—35 P10.0 Height (mi) of initial dispersion on runway.

- i
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Table 3.1. Car d input Sequence (contd.)

Card Type Co1u~m~s Format Comment

14 (1 card)*
Xl 16—25 Fl0.0 X coordinate of runway (mi) (Aircraft

touch—down end)
11. 26—35 F1Q.0 Y coordinate of runway (mi) (Aircraft

touch—down end)
Z1 36—45 P10.0 Z height (ft) of runway. (Aircraft

touch—down end)
X2 46—55 F10.0 X2 coordinate of opposite end point (mi)
‘U 56-65 P10.0 Y2 coordinate of opposite end point (ml)
Z2 66—75 Fl0.0 22 height of opposite end point ( f t )

— 15 (1 card)
VA1 16—25 FlO.0 Initial velocity of arriving aircraft (mi/hr)
VA2 26—35 P10.0 Final velocity of arriving aircraft (mi/br)
VDI 36—45 FlO.0 Initial velocity of departing aircraft (mi/hr)

46—55 F10.0 Final veloc:Lty of departing aircraft (tni/hr)
TIME 56—65 Fl0.Q Aircraft take—off roll—time (hrs) 

PTALL 66—75 Fl0.0 Exhaust tail length (ml)

le (1 card)
FTA~ 1(K) 6—55 (5X, NACT entries of aircraft taxi speed (mi/br)

• lOFS.0) while in the gate area for each aircraft
type K.

1? (1 card)
F TX I I (K)  6—55 (SX , NACT entries of aircraft inbound taxi

lOF5.0) speed (mi/hr)

18 (1 card)
FTXIO(K) 6—55 (SX , NACT entries of aircraft outbound

1OFS.0) taxi speed (mi/br)

19 (1 card)
DSTW 16—25 P10.1 Width (ml) of initial dispersion Qn taxiwav .

• HTW 26—35 Fl0.1 Height (mi) of initial dispersion on taxtwav .

2() (1 •-ard)*
Xl 16—25 F10.0 X coordinate of inbound taxiway (mi)
Yl 26—35 Y coordinate of inbound taxiway (mi)
21 36—45 2 height of inbound taxiway (ft)
1(2 46—55 X2 coord inate of inbound taxiway (ml)

(Airport terminal end)
Y 2 56-oS Y2 coordinate of inbound taxiway (ml)

(Airport terminal end)
66—75 22 height of inbound taxiway ( f t )  (Airport

terminal end)
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Table 3.1. Card Input Sequence , (contd.)

Card Type Columns Format Comment

21 (1 card)*
Xl 16-25 F 10.0 X coordinate of outbound taxiway (ml)
Yl 26-35 F10.0 Y coordinate of outbound taxiway (ml)
21 36—45 FlO.0 Z height of outbound taxiway (ft)

46—55 P10.0 X2 coord inate of outbound taxiway (ml)
(apron end)

Y2 56—65 Fl0.0 Y2 coordinate of outbound taxiway (ml)
(apron end)

• 12 66-75 P10.0 22 height of outbound taxiway (ft)
(apron end)

22 (1 card)
DSR,A 16—25 F10.0 Width (ml ) of initial dispersion on apron.
HRA 26—35 Fl0.0 Height (ml) of initial dispersion on apron .

23 (1 card)*
Xl 16—25 FlO .0 X coordinate of inbound apron (m l)

• - Yl 26—35 F10.0 Y coordinate of inbound apron (ml) it
Zi 36—45 F10.0 Z height of inbound apron ( f t)
X2 46—55 P10.0 X2 coordinate of inbound apron (ml)

(from here we start the inbound taxiway)
Y2 Y2 coordinate of inbound apron (ml)

• (from here we start the inbound taxiway)
22 Z2 height of inbound taxiway ( f t )

.:~3 ( 1 c a r d ) *
Xl 16—25 P10.0 X coordinate of outbound apron (ml)
Yl  26—35 Fl0.0 Y coordinate of outbound apron (mi)
21 36—45 F10.0 Z height of outbound apron (ft)

46—55 Fl0.0 X2 coordinate of outbound apron (ml )
Y2 56—65 FlO .Q Y2 coordinate of outbound apron (mi )

66—75 Fl0.0 Z2 height of outbound apron (ft)

25 ( 1 card)  Omi t if NAVR = 0.
EFU}3(J) 16—65 (1SX , For each of the pollutants specified on

SF10.0) card type 2, enter the urban automobile
emission factor (gm/km) based on 25 mi/hr
traffic speed.

26 ( 1 card) Omit if NAVR —0.
EFUL (J) 16-65 (15X , For each of the pollutants specified

5F10.O) on card type 2, enter the urban automobile
emission factor (gmlkm) based on 10 mi/hr
traffic speed.

27 (1 card ) O m i t  i f  NAVR — 0.

DSAR 16—25 P10.0 Width (ml) of initial dispersion on
access roadways.

HAR 26—35 F10.0 Height (ml) of initial dispersion on
access roadways.



Al so , w i t h  s tack downwash the in i t i a l  p lume dimensions are reassigned in the AVAP
~~~I 1  to ~1mu late average c i ty  block size and building hei ght (o~~ — 250 f t ;
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Table 3.1. Card Input Sequence (contd.)

Card Type Columns Format Comment

28 (NAVR cards)* Access vehicle roadways :
Xl 11-20 FlO.0 X coordinate of first end point (ml)
Yl 21—30 F10.0 Y coordinate of first end point (mi)
21 31—40 Fl0.0 Z coordinate of first end point (ft)

41—50 FlO.0 X coordinate of second end point (mi)
Y2 51—60 F10.0 Y coordinate of second end point (ml)
Z2 61—70 F1O.0 Z coordinate of second end point (ft)
VNOON 71—78 F8.0 Average traffic volume
IFS 79—80 12 Roadway classification: l=congested ,

O non—congested

29 (1 card)* Omit if NACA 0.
XS 16—25 FlO.0 X coordinate of terminal area center (ml)

26— 35 FlO.0 Y coordinate of terminal area center (ml)
STKH 36—45 F10.0 Height of terminal (ft)
WIT 46—55 FlO.0 Side length of terminal (cii)

30 (1 card) Omit if NACA = 0. Pollutant emission rate of diesel engine
powered service vehicles.

E FD(l)  16—25 P10.0 CO (gm/gal)
EFD(2) 26—35 Fl0.O HC (gm/gal)
EFD(3) 36—45 P10.0 NOx (gm/gal)
EFD(4) 46—55 F10.0 PART (gm/gal)
EFD(5) 56—65 FlO.0 SOx (gm/gal)

31 (1 card) Omit if NACA = 0. Pollutant emission rate of gasoline
engine powered service vehicles .

EFG(1) 16—25 FlO.0 CO (gm/mi)
EFG(2) 26—35 FlO.O HC (gin/mi)
EFG(3) 36—45 P10.0 NOx ( gm/mi)
E FG(4) 46—55 FlO.0 PART (gm/mi)
EFG(5) 56—65 FlO.0 SOx (gm/m i)

32 (14 cards) On~it if NACA = 0.
SRVTIM( l,K) 6—55 NACT entries of service vehicle operation

time (miii ) during the aircraft service
operation in the terminal area. See Page 31
for a list of 14 modeled service vehicles.

33 (1 card) Omi t if NACA = 0.
i(APU(K) 6—55 (5X, NACT entries denoting 1—the use of an

1015) auxiliary power unit: 0—no auxiliary
power unit used for aircraft type K.

~4 (1 card) Omit if NACA = 0.
AP U(J)  16—65 (15X . For each of the pollutants specified on

SF10.0) card type 2, enter the emission factors
(lb/br) for auxiliary power units.

j
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Table LI . Card L i i p u t  Sequence (contd.)

Card Typo Co loans Format Comment

,I card) Omit it MACA — 0 .
FLDt .~(K) e~-~~ (5X. NACT entries of t ime (hr) for aircraft

1OFS.0) K engine id le .

to (1  card) OmI I I MACA — 0 .
T G N O(K ) (SX , NA CT entries of t ime (miii) for aircraft

t 0F5 .O) K gate occupancy.

• I ! I. I car d )  * Omit I NAN A — 0 ,
P10.0 X coordinate  of n o n — a i r c r a f t  area anurce

center (at)
.‘i —  IS F10.0 V coordinate of non—ai rc ra f t  area source

cente r  (ml)
STKH t.- .. Ft0.() Height of n~n—atrcraft area source (ft)
W I T  .e~~~- ’~~ P10 .0 Side length of non—aircraft area source (ml)

t~~ t. 1 c~it - d) * tin i t I I MAMA 0
EMI ~~.1) th— hS I I ~X . Fur each of the pollutants specified on

SF10.0 ) ct trd type 2 , en ter the n o n — a i r c r a f t  area
source emission rate (lbs/br)

D~t .ui Ii v.i t uc .~t (or thesi. dat a tire not available.

T~i b t v  -~ . 1 . Pru~ rtun Oefault Values by Card Input  Sequence Number.
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4 DESCRIPTION 01’ DEFAULT DATA

This section describes for the user what Is required ~to Input data

should the option to over-ride program constants be exericsed . Also , it

l i s t s  t he values of program constants  (Table 4.1) as they appear in the

- .
~~ BLOC K DATA sub program of the computer code. All or some of the values

will change whenever the appropriate card Is inserted into the InDut stream.

The computer prog ram is designed to model activity of ten (10)

di f f e r e n t  a i r c r a f t  types . These ar t ’ l i s t ed  In the f i r s t  column of Table 4 .1

(page 27) and may be replaced with types having ident ica l , or near ly  iden t i ca l

ope ra t io nal pa ram eter s , engine configurations , and ground service requirements.
inen t s .

Ope ra t ional  parameters  inc lud e t ime period values d u r i n g  wh ich the

a [r cr a f  t— enginc t h r o t t l e  set  t log is adjus ted to one of the  fol lowing

ope r at  ional modes:

1 Land ing — A i r c r a f t  touch—down to beginning  of tax i on t h e
inbound apron .

2 Ta ke—off  — A f t e r  alignment of a i r c r a f t  wi th  runway to l i f t o f f .

3 Id le — Arriving aircraft awaiting gate position.

These operating t imes are shown in Table 4 . 1 , page 2 7 , colu mns 3 and 4 ,

~nd page 29 , column 6 , respect ivel y .  Other operational parameters presented

on page 29 , colum ns 2, 3 and 4 consider the  speed of a i r c r a f t  w h i l e  they are

in the gate area , on the inbound taxiway and on the outbound taxiway ,

r e spec t ive ly .  Those tha t detai l  the average performance characteristics

ot all aircraft types during flight modes of operation are shown on page 30

(Card 15)

Engine configuration and their emission characteristics are -

.esslgned integer values to denote for each aircraft type,and each engine

ty pe ’ the  number of engines per a i r c r a f t  and their pollutant emission rates

during 4 modes of operation (Taxi, Idle , Landing and Take—off). These

v a l u e s  arc shown in Table 4.1, page 27, columns 5 and 6 respec tively , with

orre’sponding pollutant emission rate shown on page 28.

The ground serivc e’ requirements of each aircraft type are fulfilled

u s i n g  fou r te en  ( 14)  dIfferent pieces of motor ized  equi pment (page 31 , Ca rd 12),

a ll of wh ich o p e r a t e  w i t h i n  the  gate area to load and unload cargo and

o t h ~- rw I~ t ’ p repare ’ t he  a i rp lane for  It s  nex t dep ar tu re .  I t  can he seen

b y t h e  service’ t imes entered Into the table  that  the equipment in use is



dependent upon the type of aircraft being serviced . The pollutant ezsission

rates (page 30, Cards 30, 31) are presented for both diesel and gasoline

engine powered equipment. Note that an auxiliary power unit will provide

electrical power , whenever used (Page 29, Column 5), for the entire gate

time (Page 29, Column 7) of the aircraft. Its emissions rates are shown
on Page 31, Card 34.

I,
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Table 4.1 (Cont’d)

Card 13 Initial dimensions of dispersion on runway .

Width — DSRW — 0.030 milesHeight HRW 0.002 miles

Card 15 Runway parameters for arrival and departure aircraft.

VA1 Runway — arrival initial velocity — 145 (mi/hr)
VA2 Runway — arrival final velocity 25 (mi/hr)
VD1 = Runway — departure initial velocity 0.0 (mi/hr)
VD2 Runway — departure final velocity 180 (mi/hr)
TIME — Take—off roll time .0111 (hrs)
TAIL Exhaust tail length .8523 (uii)

Card 19 Initial dimensions of dispersion on taxiway.

Width DSTW — 0.030 (mi)
Height HTW 0.002 (mi)

Card 22 Initial dimens ions of dispersion on runway apron.

Wid th = DS RA 0.095 (ml)
Height = NRA — 0.002 (mi)

Ca rd 25 Urban automobile pollutan t emission factors (gm/kin ) based on
25 (ini/hr) t r a f f i c  speed .

CO = 32.36 , HC = 4.75 , NO 3.46 , PART — 0.19 , SO = 0.11

Card 26 Urban automobile pollutant emission factors (gm/km) based on
10 (mi/hr) traffic speed .

CO = 70.18 , MC 8.62, NO — 2.86, pAwr = 0.19, SO = 0.11 —

Card 27 Initial dimensions of dispersion on access roadway .

W idth DSAR O~0095 (mi)
Height HAR 0.001 (mi)

Card 30 Pollutant emission factor  for diesel engine powered service
vehicles in (gm/gal).

CO a 126.6 , MC — 21.9 , NO a 185 .82 , PART — 5.9, SO 0.0
x x

Card 31 PoUutant emission factor for gasoline engine powered service
vehicles in (gm/mi).

CO — 138.81, MC — 21.35, NO — 9.32, PART — 0.85, S0~ 0.0
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T*bI.e 4.1. (Cont’d)

Card 16 Card 17 Card 18 Card 33 Card 35 Card 36
Speed Speed Speed
(mi/br) (mi/hr) (mi/br) Time (hr) Time (mm )
Gate Inbound Outbound APU Engine Gate

Aircraft Type area taxi taxi taxi use flags idle occupancy

1 (Boein g 727) 10 15 12 1 .033 52.

2 (Douglas DC9) 10 15 12 1 .033 52.

3 (Boeing 737) 10 15 12 1 .033 52.

4 (Conviar 580) 10 15 12 1 .033 52.

5 (BAC 111) 10 15 12 0 .033 52.

6 (NAMCO YS 11) 10 15 12 0 .033 52.

7 (Beech 99) 10 15 12 0 .033 52.

8 (Fairchild FM 227) 10 15 12 0 .033 52.

9 (Twin Ot ter)  10 15 12 0 .033 52.

10 (Piston Engine) 10 15 12 0 .033 52.
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Table 4.1 (Cont ’d)

Card 34 Pollutant emission factors for auxiliary power units in (lbs/hr) .

CO — 2.82, MC — 0.11, NO — 1.24, PART — 0.0, SO — 0.0x x

Card 32. Minutes  of Service Vehicle Operation While Servicing
Aircraft Type I

- 
Aircraft Type

1* 2* 3* 4* 5 6 7 8 9 10
Vehicle Type 727 DC9 737 CS BAC YS B9 FM TO GA

I Trac tor 66 48 85 55 50 50 0 0 0 0

2 Belt  Loader 28 15 30 0 25 25 0 0 0 0

3 Container Loader 6 . 0 0 0 0 0 0 0 0 0

4 Cabin Service 12 0 15 0 0 0 0 0 0 0

5 Lavatory Truck 15 15 15 10 10 10 5 5 5 0

6 Water Truck 0 10 0 10 10 10 S 5 5 0

7 Food Truck 17 17 20 10 10 10 0 0 0 0

~ Fuel Truck 20 15 15 10 20 20 10 10 10 0

~ Tow Tractor 10 5 5 5 5 5 0 0 0 0

l O C onditioner 0 0 0 0 0 0 0 0 0 0

11 Ai r s t a r t
Transport ing and
Diesel Engines 0 0 0 0 0 0 0 0 0 0

12 Ground Power
Transporting and
C;isoline Engines 0 0 0 0 0 0 0 0 0 0

13 Ground Power Unit
Diesel Engine 0 0 0 0 0 0 0 0 0 0

14 Transporter 3 0 0 0 0 0 0 0 0 0

*
t t l sn  serviced by an Auxiliary Power Unit (APU)
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5 EXA14PLE PROBLEM

5.1 INTRODUCTION

In order to clarify the procedure for using the AVAP Model Abbreviated

Version, a “first—guess” estimate of pollutant concentration is presented

for the example airport—layout shown in Figure 5.1 . It is instructive

to state that the locations of line type sources (runway, taxiway, apron,

access roadway) are specified by the coordinates at their edge ( f r om end

to end), but the locations of airport terminal and non—aircraft area

sources are specified by the coordinates at their center . Since aircraft

movement on the runway is almost always into the wind (given as

180 degrees) the pattern of runway—apron—taxivay usage emerges. The

pattern, for the airport—layout shown, is clockwise starting from the
northern most point of the runway (landing aircraft touch—down). The

input coordinates must be ordered to preserve this pattern . Therefore ,

all aircraft prepared for departure are queued before take—off on Apron 2

(outbound).

In this example, of the ten different aircraft types for which the

Abbreviated Version is internally coded , seven are considered . They

are listed with their associated engine type as follows :

(Boeing 727 & 737 , Douglas DC9) JT8D turbofan engine

(Beech 99) TPE 331 turboprop engine

(Convair 580, NAMC YSll) All. 501—D13 turboprop engine

(Small Piston Engine aircraft) 0320 small piston engine

5.2 STATEMENT OF THE PROBLEM

GIVEN : Two pollutant species: Carbon Monoxide and Oxides of Nitrogen

Height of aerovane 10 ft

Wind speed 13 knots

Wind direction 180 degrees

Ambient temperature 36 degrees F

Stability index 4

Lid height 0 (Usee coded table from Holzworth)
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Receptor locations 3 (Coordinates in miles)

Aircraft types 10 (Use defaults provided for
these types)

Engine types 4 (Use defaults provided for
these types)

Motor vehicle roadways 5 (End—point coordinates in miles)

Aircraft area source 1 (Center coordinates in miles)

Non—aircraft area source 1 (Center coordinates in miles)

Runway end—point coordinates in miles.

Taxiway end—point coordinates in miles.

Apron end—point coordinates in miles.

FIND: The “first—guess” estimate of pollutant concentration at receptors

1, 2, and 3 due to the following three source categories:

1. Aircraft Area Sources

Service vehicles used in the terminal area.
Auxiliary Power Units used in the terminal area.
Aircraft taxi while in the terminal area.
Aircraft—engine idle while in the terminal area.

2. Non—Aircraft Area—Line Sources

Trial area source
Access vehicle roadways

3 Aircraf t  Line Sources

Runway (Landing & Take—off)
Tax iways ( Inbound & Outbound )
Aprons (Inbound , Outbound Queuing)

Note that the estimates are based on aircraft arrival counts
entered on Card—type 7, roadway traffic counts entered on Card—

type 28, and trial area source emissions entered on Card—type 38.

5.3 SUMMARY OF THE PROBLEM

The AVAP Model Abbreviated Version requires at least twelve input

cards . Depending upon the number of receptor points, number of access

vehicle roadways and choice of default values, there may be more. The

format for each card is given in Table 3.1. Table 5.1 lists the input

for the sample problem; Table 5.2 lists the results. Note that a descrip-

tive list of program values starts the table of results. Also note
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that a tabulation of pollutant emission levels for each area and line type

source is provided . The micrograms-per-cubic —meter notation , as seen in

the concentrations tabulation, is used for Total Suspendea Particulates

(PART) if it is one of the pollutants being modeled .

I

H _
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Table 5.2 Results of Example Problem
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Table 5.2 Results of Ezamp l% Problem ( con t d . )
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Table 5.2 Results of Example Problem (contd .)
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Table 5 .2  Results of Example Problem (contd.)
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APPENDIX A

CONCENTRATION CONVERSIONS

Concentration (1.lg/m3) = 1.22 x 1O4 ~ 
. concentration (ppm) where

P = pressure in atmospheres ,

I = absolute temperature (°K)

= molecular weight

Example : 
~~2

P = 1 atm

T = 77 °F 25°C 273 + 25 = 298 °K

~4ftj 14 + 32 = 46

Concentration (~ig/m
3
) = 1.22 x 1O4 x x 46 x concentration (ppm)

= 1883 x concentration (ppm)

for T = 32°F ,

Concentration (iig/m3) = 2056 x concentration (ppm)

Note that for a pollutant class like ThC or it is custanary

to convert fran ppm to ~g/m3 by representing the class in terms of a single
pollutant such as Q-14 or NO2. Consequently, under the same conditions as
given above (T = 32°F),

TI-IC Concentration (pg/rn3) (treated as 014) 
=

1.22 x 104 x 1  X 16 
= 715 x ThC conc. (ppm)

and

Concentration (pg/rn3) (treated as NO2) = 2056 x conc. (ppm)

- 
j
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APPENDIX B

FLOW DIAGRAMS

READ TITLE
READ POLLUTAN T CHOICE -

SCAN CARD TYPE 2 FOR PROPER
SPECIFICATION OF POLLUTANT(S)

NPT Numbe r of po l lu t an t s
chosen .

_ _  _ _ _

READ CARD TY PE 3

HTAERO , WSP , DIR TEMP
L JST MLiD

~~~~ READ CARD TYPE 4

I ~SR , NACT , NENT , NAVR ,
NACA , NANA

READ CARD TYPE 5

DFAULT (N), N=l , 23

READ CARD TYPE 6

R, XRECP R, YRECP R, ZRE CP R~~J
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B

NLID • NLID*l O

MONTH 3 ( MA RCH)

HL I O:O HOUR = 15
HLID = FUNCT ION HMIX

HL 0.45 * HLID

WDRAD 0.01745 * DIR

A * * SIN (WDRAD)
B WS * COS (WDR A D)

_ _

&
_ _  

It

r CALL PSEUDO

CRITICAL DO WNWIND DISTANCE :
XL~~~WS * TZ

READ CARD TYPE 7

NAC K 
DFAULT(l): 0 — NAC K = 10

READ CARD TYPE 8 > DFAULT(2): 0 — 
USE DEFAULT VALU ES

FLNDGK

I

C C
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C

}111 DFAULT(3): 0 
— 

FTKOF ~~.O~11

CARD TYPE 10 
~~ ~~~~~~~Tt4~ : O USE DEFAU LT VALUES

(

~EAD CARD TYPE 1 1 F ~~~~~~uLTc5~:o USE DEFAULT VALUES ]

(~~~1LJ 

TYPE L 
ULT(6): O USE DEF A ULT VALUES J

~~~~~
AD CA: TYPE 13 

~~~~~~~Tt7~ :~~~~~ 
~~~~ ~~~
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0

CALL PSEUDO

I READ CARD TYPE 14
RUNWAY :

• Xl , Y l , Zi , X2, Y2 , Z2

READ CARD TYPE 15
VD2 . DFAULT(8):O 

— 

USE DEFAULT VALUES

I 1 1
COMPUTE POLLUTANT J LANDING EMISSIONS :

EM1 N~ t NAC~ X NGIN K x FLN DG
K 

x EM! 1 UK where L 3  K

COMPUTE POLLUTANT J TAKE-OFF EMISSIONS

IMTF J ~ 
NAC K x N G I N K x FTKOF

K 
x EMI 1 U

- - where L 4

L ________________

CALL LI N E I
COUPP M 

= CUP x CONVF
[ ws

(COMPUTE POLLUTANT J CONCENTRATION AT RECEPTOR ~1
[RECDATI JM COUPP M x (EML.N~+EPcrF~). I = 3

Ii-



________ -

~~~~~~

-J

B -S
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READ CARD TYPE 16

FTAXI K 
DFAULT(9): 0 

= 

FTAXI
K 

= 10

CARD TYPE 17 =

FT XI I~ DFAULT(lO): 0 FTXII
K 

= 15

READ CARD TYPE 18

FTX I O K ~~~ DFAULT(1l): 0 
= 

FTXIO K - 12 
It

READ CARD TYPE 19
> =

DSTW, HTt.a DFAULT(12): 0 DSTW = .030
HTW .002

CALL 
PSEUDO F
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F

(

/
~ E~D CARD ~YP~ 

2 I T X : 2 _ _ _ _ _  

CARD TYPE 21 

Z2

COMP UT E TAX I WAY LENGT H
[

CALL LINE

COUPP CUP x CONVF I It
M

COMPL~ EI POLL ’INT J ~. F’~ISSIO~ DUE 
OMPUTE POLLUTANT J EMISSION DUE TO

TO ~~~~~~~~ 
V A \I ITX 1 

> UTBOUND TAXI.

£
~~~ ‘:~~~ (

~xT:~ ~AC~ ~ NGI
~ K x MTX O J ’/ ~~~~~~ 

X NAC K X NG I N K X EM1 I L J
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0

~~~~
:CA

~~~
T Y PE 22

CALL PSEUDO

~~~~ READ CARD TYPE 23 
- 

~~~~~~~~~~~~~ 

~~~~~~~EAD CARD TYPE 24

__________ 

CO~WUTE APRON LENGTH __________

RT XY

CALL LINE

I 
______COUP P M = 

~~~~~ ~ 
CONVF

COMPUTE POLLUTANT J EMISSION OMPUTE POLLUTANT J EMISSION DUE TO

~UE TO ENBOUNO APRON TAXI = . 
-
~ )UTBOUND QUEUING

DL J 
= 

F T X I I K 
x NAC K x 

N. 1 

~ ~W I D U J 
(EAcTR + 

~ NAC K x NGIN K ~
EM ! 1 ~ 

:MI I U J

ki
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H

=

NAVR : 0 11

>

READ CARD TYPE 25
EFUH J 

DFA U LT ( 14):O USE DE FAULT VALUES

I_______
READ CARD TYPE 26 =

EFUL j 
DFAULT(15):O USE DEFAULT VALUES

It

-

~ 

READ CARD TYPE 27 DSAR = .0095( DSAR , HAR DFAULT (16):O HAR = .001

CALL PSEU DO

READ CARD TYPE 28
Xl, Y l ,  Z1, X2 , Y2 , Z2 ,
YNOON , IFS

I
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COMPUTE ROADWAY LENGTH
DVL

CALL LINE

COU PP~~ CUP ~ 
CO NVF

COMPUTE POLLUTANT J EMISSION COMPUTE POLLUTANT J EMISSION ON
ON ROADWAY N (10 MI/HR TRAFFIC ROADWAY N (25 MI/HR TRAFFIC SPEED)
-~P E ED )
ALS[NJ = VNOON N x DVL N x EFUL J 

= 

IFS : 1 
-
~ 

ALSE NJ = VNOO N N x DVL
N 

x [FUH
J X

x ~~~~~~~~

I COMPUTE POLLUTANT J CONCENTRATION AT RECEPTOR M

L
~~~~ 

DUE TO ROADWAY N

RE CDAT I JM = L COUPP NM x ALSE NJ

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~Ø~~~~~~~~NAcA :O I1

CARD TYPE 29

lx i Y, STKH, WIT
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CARD TYPE 30

EFDJ 
DFAULT( 17):O USE DEFAULT VALUES

,“iEAD CARD TYPE 31

L EFG J 

- DFA ULT( 18):O USE DEFAULT VALUES

~~~ READ CARD TYPE 32 

~~ ~~~~~~~~~~~~~~~~ ~~ USE DEFAULT VALUES

OMPUTE TOTAL TIME PER SERVICE
EHtCLE TYPE

SRVHR 1 = ~ MAC K x SRVTIM
K KI

[ CAL L GTEDMD
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K

READ CARD TYPE 33 > 
DFAULT(2 0):O 

= 

USE DEFAULT VALUES
KAPU

K

READ CARD TYPE 34 
DFAULT(21):O 

= 

USE DEFAULT VALU ESAPU J

READ CARD TYPE 36 
DFAULT(22):O 

= 

FIDLEK 
= .033

F IDLE K

READ CARD TYPE 36 
DFAULT(23):O 

= 

TGND K 
= 52.

TGND

K L
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COMPUTE POLLUTANT J EMISSION DUE TO AIRC RA FT
IDLE
EMIDL J = Z NAC K x NGIN K x EMI 1 U x F I DLE K
where L = 2

COMPUTE POLLUTANT J EMISSION DUE TO AIRCRA FT
GATE-AREA TAXI.

TERM = E WIT x NAC x N G I N  x EMI

COMPUTE POLLUTANT J EMISSION DUE TO AUXILIARY
POWER UNIT USE

EAPUJ = APU J Z NAC K ~ 
TGND K x KAPU KK 60.

TOTAL EMISSION OF POLLUTANT J IN THE
TERMINAL AREA
EM I T~ = PLLTNT J + EMID L J + TERM J + EAPU J

~~‘~~READ CARD TYPE 37

X, Y , STKH , WIT

~~~~~~~~ARD TYPE 38

EMITJ
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M

K S T A B = 0

STKH : HLID > KSTAB = 1

DLZ = 
2. x STKH
2. 4 x 5280 .

DSS - WIT
1.2

K L O

CALL PSEUDO It

SINWO = SIN (WDRAD )
COSWD = COS (WDRAD)
CWS = X COSW D - Y• SINWD
DWS = X~SINWD - Y .COSWD
CWR = XRECP • COSWD

-YRECP .SINWD
DWR = -YRECP~SINWD

-YRECP •~~5~4D

• 
_ _ _ _ _ _ _ _ _

COMPUTE CROSS WINO AND •OWNW IND DISTANCES FOR
SOURCE-RECEPTOR PAIR
CW = CWR - CWS

OW = DWR - DWS

~~~~ 

~.~~~~~~HE ’~EcEp~ ~~ PFA = i. I -...Qj~
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N 814

S TB
[CE P 109

UPWIND OF THE YES
OWNWIND [DGE OF TN
SOURCE?

ow ~ lT

NO DOES THE
CRITICAL LENGTH

UPWIND FROM THE RECEP-
TOR EXTEND BEY OND THE UPWIND YES

EDGE OF THE SOURCE?
WR -XL ) (DWS-WIT)

IS T~IE .
R~T !CAL LENGT II

JPWIN FROM T I lL RF.CEP-
~~k’ D~)WNWIND ~lF THE DOWNWIND SOURCE TO BE TREATED ASI

E.!~GE OF l~L SOURCE? o A “NEAR” SOURCE IN TRAN (
- ‘WR - XL ) - (DWS+WIT) NO NRFLAG = 1

PFA = 1

YES CONSIDER PORT ION OF SOURCE UP-
WIND OF CRITICAL LENGTH FROM
RECEPTOR : PFA*(DW+WIT~XL)/(2*WIT)

_ 
_

DE FIN E NEW CENTER AND WID TH FOR
THE UPWIND PORTION :
DWS S —( (DWS -W !T ) ÷ (DWR-XL))/2.
DW DWR - DWSS ;
WIT - ((DWR -XL ) - ( DW S-W IT) )/ 2 .

I B A C K - 1  J
I T I M T I~AN (Ns ,KSTAB,HEFF,NRFLAG ,

IHA CK)  ~CONVF
T I M  TE I4*PFA

I ,
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F~OMPUTE POLLUTANT J CONCENTRATION AT
RECEPTOR M
RECDAT IJM 

= EM I T J x TEM

273 + 5 (TEMP - 32)

[ 273

CONVERT CONCENTRAT IONS FROM iag/m3 INTO
PPM
RECDAT IJM 

= RECDAT IJM X CONJ

PRINT :

LIST PROGRAM VARIABLES .
SOURCE EMISSION LEVELS .
POLLUTANT CONCENTRATIONS .

$ 
I

CEND_)

L _
__ J~
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FUNCFI~~I CAVL

Purpose:
To cou~ute the coupl ing coefficient due to a line source of arbitrary
spatial orientation, at the receptor.

Input:

XW1, YW1, ZW1 ; XW2 , ZW2 -End-point coord inates of l ine
source (mi) (X-axis chosen to
be along wind vector) .

XR , YR , ZR -Receptor coordinates (mi).
WS; JSTAB ; HLID; XZ; SUDOY ; SLJDOZ —Wind speed (mi/hr); Stability;

Mixing height (ft); Critical

distance for vertical m ixing
(mi) ; Pseudo downwind distance It

for horizontal spread of line

source Cmi); Pseudo downwind
distance for vertical spread
of line source Cmi) .

COEF1; COEF2 —Constant coefficients used in
the line source dispersion

equations.

Output:
(‘-\VL (XR , YR , ZR) —Coupling coefficient (mi 2 ) at

the receptor point (XR , YR , ZR) .

Procedure:

1. Test whether the receptor is located with respect to the line source
such that the concentration is completely negligible.

L . If angle between wind vector and line is sufficiently small, and
line source is sufficiently long, a flag is set for the line to he
segmented. Each segment is then treated as an individual line.

3. Compute effective downwind distance.

4. Compute horizontal and vertical dispersion coefficients, using
external function routines SIGY and SIGZ.

5. Compute the Z-component of the dispersion expression. 
- -
~~

- - - - -
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b. Test whether the line source has a uniforri density. If it is a
runway used for aircraft arrival or departure (nonunifoni~ line
density), subroutine QI{)D is called.

7. Compute and output the concentration for the given receptor.

Functions Called:

SIGY , SIGZ

Subroutine Called:

Q~4JD

Special Function Called:
ERF (X)

.-~
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CSTA~TD

~1
INITIALIZE ISUB,NSUB,
ISAC AND CRAR TO ZEI~);SET: CAN 0.7071

EMIN 30./5280.

INITIALIZE X1,Yl,Z1,X2 ,Y2,Z2
TO BE INPUt END-POINT COOP]).
OF THE LINE SOURCE XW1,. . , ZW2

TEST IF PARr OR WHOLE OF THE
LINE IS ABOVE SKY LID. R)R —
THE FORMER CASE REASSIG~ END
POINT AT LEVEL OF SKY LID.

USE NEW END-POINT COOP]). TO
CC}IPITfE LENGTHS DL1,DU4 AN]) A
cOSe,SINO

4 ISUB:O

DLRS = DLN
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B

cCwUrE DOWNWIND DISTANCE
OF RECEP’IOR FRCt4 UPWIND
END OF LINE .

>
END OF LINE: 

- 

L
~EPTOR LOCATION

<

CALL SIGY , SIGZ TO C(}IPIJFE It
DI SPERSION COEFF . FOR THE - -

UPWIND END: SIGF, SIFGZ

IS.AC:1 
- 

C

CX) TO K IF YR>Ymax+4*SIGF
OR YR<Ymin-4*SIGF
OR ZR”Zmax+4*SIGFZ
OR ZR<Zinin+4*SIGFZ

SET ISACa1 AND
(X,Y) TO BE MID

A~4F:CAN POINT OF THE A

? 
LINE SEG.€WI’

(1) ‘10 K IF YR>Ymax+3*SIGF
OR YR<Ymin-3*SIGF
OR ZR>Zmax+3*SIGFZ
OR ZR< Zmin-3*SIGFZ

-‘-4

.

- - -
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COMPUTE DCMNWINI) DISTANCE :
DWL~=XR-X

• DWDY=DWD+SLTDOY
L1~DZ=DWD~SUDOZ

f IY?ILW:0
OR L

D~VDZ:0

EW4=AMJoa (.2*r*1ny1,SIGI-u)

2
F:CAN

>

Ll:(1.5*ELEM) G

J CALL SIGY , SIGZ TO CCIPUTE
DISPERSION COEFF. SIGI, SI GV

COMPUTE EXP RESSIONS iD 1 (DMPIJFE ARGUME~FS OF
BE USED IN flEE ARGUMH’JTs L ? SIN~ J :0.1 < EXPONENTIAL FUNCTIONS FOR
OF E RROR FUNCTION FOR r SINO I :0.1 VERT ICAL DISPERSION USING
I 1(1 ZONTAL DISPERSION: 1 - SMALL ANGLE APPIOXIMATION

CoMPlm~ ARCXJMENTS OF
l XJU-~LNTIAL FUN CTIONS __________________________
FOR ~1~RT I CA1. DISPE RSION :

ARG 1; ARGZ2

- 
---- - - --- :
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-

T

-C

FAC1”EXP(ARGZl)
• FAC2”EXP(ARGZ2)

B 
j
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XSI IS SET TO BE DIST- 
-

ANCE BEThEEN (X ,Y) AND
(XW1,YW1) 

-

v OR
y*YW2:0

It- XS I= -XSI

QL = 1/DL

lAD :0

- 

CALL (~4)D

CBARO = CBAR

F 
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SIN4 ( :0. 1
SINO I :0.1 H

C1~tPlfl1~ CONCEN~RXF ION
t!SIN ( G1~N1iRAL DI SPERSION
EQUATION , dEAR .

CBAI~) :0

-

~~

SUB:!
)RLS : (.01*1)1.) N

I
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P
NSIJB = I + DL1/ELEM

SET: ISUB=O ; XRS=X2 -Xl ;
YRS=Y2-Y1, ZRS-Z2 -Z 1.

DIVIDE EAQ-1 OF X, Y, Z P1~)-JECT IONS OF LINE BY NSUB TO
GET INCREMENTS :

DELX=XRS/NStJB
DELY-YRS/NSUB
DELZ=ZRS/NSUB

I SUB:1

NSUB= 1* DLRS/ELEM

SET:
DELX=XRS/NSUB,
DELY=YRS/NSUB,
DELZ’ZRS/NSUB
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P
COMPUtE ARQJMENT , ARGYY, OF
E)O ENTIAL FUNCTION FOR
HORI ZONTAL DISPERSION USING
SMALL-ANGLE APPI~)XIMATICt4

• _

(X)MPIJFE CONCPNFRATION USING
S~.LALL ANGLE E(~1ATION

It
= dRARO:O

BARO-cRAR: _ _ _

BAR*.0001 N

>

— NSIJB:1 K

LRS: (.Ol*DL)

>

DLR5: (.O1*DL) IIIP~
’

~~~~
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T X1 X2
Yl = Y2
Zl = Z2

X2~’X2+DJ LX
Y 2=Y 2+DELY
22 =2 2÷Dl ~1.Z

X= .5*(Xl+X2)
y 5*(yi÷y2)

S~ (Zl~~ 2)

______________________

XRS = XRS - DELX
YRS YRS - DELI
iRS = ZRS - DELZ

DLRS = DLRS - SEGL

_ _ _ _  4
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FAC3=0.5*SIGV/
(COEF1*HLIL1’1)

>

DWD: 2*XZ

DENZL=0 . 47*I-ILIL!4

L__
DENZLZ=DENZL**Z

F~~1=FAC3 SIN~ I :0.1 1 Z ARCX~~~~S

FAC2 FAC3 
~ i sINoi:o.i~ ~4ALL-ANCLEAPPROXIMATION

r ~~I ARGZ1, ARGZ2 USING
L GENERAL FORIIJLA

FACI=EXP(ARGZ1)
FAC2~EXP (ARGZ2) -

FAC1—FAC1+ (rMD-XZ)*(FAC3-FAC1)/XZ
FAC2RFAC2+ (I*~D-XZ) * (FAC3-FACZ) IXZ
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L

DLRS :(.Ol*DL)

>

>NSUB: 1 — I

1< -

C R E
~~~~~~~~~~~D H

-J
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SUBROUtINE ($)D

Purpose:

To comput e the linear distribution (in (Length) 1) of pollutant
along runway due to aircraft ~nission during landing or takeoff .

Input:

YS1 Distance along runway measured from the tip of
exhaust pli.nne near the starting end of runway.

TAIL Length or penetration of the exhaust plune of
aircraft at rest.

DL Total length of the smoke slug on the runway.

A Acceleration (or deceleration) of the aircraft.

Vl2 Initial Velocity, Vl , squared. It

VS Average velocity of the exhaust particles relative
to the air mass in the tail or exhaust plune.

WS2 Wind speed squared .
WSC 2*(Wind Speed)*(..cosine of angle between runway and

wind vector).

PR A/C, where A is the acceleration of the aircraft and
G is the r~ rmnalization constant for line density.

Output:

QL

Procedure: -

1. Convert the quantity YS1 to the distance measured from the
physical end of runway, i. e., XS1.

2. Use the line density formula to compute QL(1/Length) .

~~ 

I . - -’

I

- - - - - -~~~~~~~~--- - -
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SUBI~J(JEINE ~ 43D

c__START D

Sift XS1 = YS1 -TAIL

XSI = -TAIL+.0Ol -

XS1 =DL - .001 I
FXSI =

~J

L 
- - J
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SUB1~XJTINE (~{)D (Continued)

A

XS1:(DL-TAIL)

>

FXSI = XS1-DL+TAIL I

[~SIB = XS1+TAILJ

I 
_ _ _

~~~~~

I

\

SI

~~iD~~~~~~~~~~~~~~~~

[xsIB = DL]

[XSJA = 01



_ _ _ _ _ _ _ _ _ _ _ _  - -  

~~~~~~~~~~~~~~~~~ ~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~

--1

B- 32

&JBIWTINE (~4)D (Continued)

B

XSI:0

>

XSIA XS1

It
v~\. = vs + (Vl2+2*A*XSLA)½

L 

VB = VS + (V12+2*A*XSIB)½

‘
I

YA = (WS2+VA* (VA+WSC) )½
YB = (WSZ+VB*(VB+WSC)) ½-

*YB+VB+0.S*WSC
- YA~VA+O. S*WSC

QL = YB~YA~0.5*WSC*ALOG(ARG ) I
QL = RR*(FXSI/SP4~L/A)/TAIL

C REft~N D
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FUNCTION TWiN

~~rpose:

To compute the coupling coefficient at the receptor point due to
a point or area source.

- • Input :

1. Meteorological parameters: wind speed ; stability ; mixing height;
critical distance for mixing.

2. Source parameters: horizontal and vertical spreads; pseudo trans-
port times corresponding to the horizontal and vertical spreads ;
area source flags : KSTAB, NRFLAC, and IBACK.

3. Receptor parameters: downwind and crosswind distances; receptor
height.

Output :

Point or area source coupling coefficient: TRAN. It

Procedure:

I. If the effective stack height exceeds the height of the sky lid ,
then stability index is reassigned according to the current
hourly atncspheric stability and the source flag KSTAB computed
in PLUME .

2. For point source and area source with source flag NRFLAG = 0 ,
compute the travel time for z dispersion from the center and
that for y dispersion from the downwind edge of the source.

3. For sources with NRFLAG = 0 the effects of ground and sky lid
are treated by the image method. Up to 6 terms are included in
the coupling coefficient.

4. For area source with NRFLAG = 1, the travel times from the down-
wind and upwind edges of the area sources are determined on the
basis of receptor location relative to the area source. These
plus the pseudo travel time T due to the Z-spread are used to
compute the Z-dispersion coedicients 

~~
(Ti) and CT~(T2).

5. For area source with NRFLAG = 1, the y-dispersion coefficient
~~(TF) is determined on the basis of the pseudo travel time
due to the y-spread and the travel time from the downwind edge
to the receptor.

6. The coupling coefficient for area source with NRFLAG = 1 is then
computed using the integrated expression for “near” source.

I
--- =

~
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7. If the source flag IBACK is 1, part of the area source is to be treated
as “near” and part as “far” area sources. When both contributions to
the coupling coefficient are computed and s~z,ned, IBACK is then set to
0.

Functions Called:

SIGY , SIGZ

It 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~
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c~~
ARr D

[ ZS = STla-I(NS)
HEFF = HEFF/5280.
WSAVE = WS~~ZKEEP — I-mECp’r/5280.
XL = CL

KSTAB: 0 JSTABT 4

ILLI D = FNIXI/S280. j KSTAB:2 ~ ~~~~TABT~~~~

ULID = l000./5280. _____________________

XL = 30./5280.

IREcPT:ILLID

>
IRACK = 0 WSAVE:0.

KSTAB:0
RETURN

A

TRAN=0.0
IBACK — 0

RE11JRN
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.

ThIN = 0 . 0

= (DW/WSAVE) + TI

11:0

>

NRFLAG : 0 ~

DW :WIT ThIN = (DW -W I T ) /1~ A~~~

I BACK: 0

> 1
(DW+WIT) : DELI TMI N = (~~+WIT-DELY) /WSA~~J

TMIN=0.0

_____________ = ThIN + TI k
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-;

B

SY = SIGY (JSTABT,Tt)

DW+WI T): 2 *WIT DW = (DW-’-WIT)/2

>

TJT = TZ + (DW/WSAVE)
sz = SIGZ (JSTABT ,lTr)
EXPD = - . ~*C~2/Sy2 It

EXPD :-20 Al

EDD = EXP (EXPD) J

DENOM = 2*TT*WSAVE*SY*SZ 
~ DW2 *XL DENOM = (2*1fl 112 *WSAVE*SY

:1 = IEEFF - ZKEEP - ADD1 = EDD/(DENOM*HLID)
LXPZ1 = - . 5*(Z1/SZ)

— - 

%~~~~ Z1 :-2 0. < A1 

TRAN = ADD1+ADD2+ADD3+ADD4+ADDS+ADD6

REThPN 

-
~~~~- L



.-__~ L -

~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ T~~~~~~~~~~~~~~ : ~~~~~
S

~—1

B- 38

0
____________

~

1

~

____________

El=EXP(EXPZ1)
ADDl=El*EDD/DE?~~f

~~~~~~~~~ L~
D2=

~
Dl

Z24IEFF+ZKEEP
EXPZZ=- .5*(ZZ/ SZ) 2

~~~~420.

<
Bl

t

E E2=EXP(EXPZ2)

F ADD2=ADD1*E2JE1

> FF:HLID/2.

~~~~~~ :lU~ID~~~~~~

_ _ _ _ _ _ _ _ _  SZ : (HLID-~~ FF)2 .2 <

ADD3=ADDT1
A004=ADD2 J
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0
13=2 .*HLID-FiEFF-ZKEEP
EXPZ3 - .5* (Z3/SZ)Z

E3=EXP(EXPZ3) 1
ADD34~DDl*E3/E1
Z4=Z3+2 .*ZKEEP

EXPZ4=- .5*(Z4/SZ)2 
It

E4=EXP(EXPZ4)
ADD4=ADD1*E4/El

ADDS ’ADD3
ADD6=ADD4

- -4
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_
T
_Z5 = Z2 + 2.*(HLID-ZKEEP)

EXPZ5 = - .5*(Z5/ SZ) 2

EXPZ5: -20. Bl

ES = EXP(EXPZ S)
ADDS = ADD1*E5/El
Z6 = Z5 + 2.*ZKEEP 2 

It
EXPZ6 = - . 5*(Z6/SZ)

4 

~~

4o

~~~~~~~Bl

— 

lEo = EXP(EXPZ6)
IADDO ADD1*E6/El

I
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F

IBACK: 1 
=

CALCULATE T2 AS TRANSIT CALCULATE T2 AS TRANSIT
TI?sL FRC~ UPWIND EDGE TIME OVER ThE CRITICAL
OF S(YJ1~ E: LENGTH , XL:
12 = TZ + (II~+WIT)/WSAVE 12 = TZ + XL/WSAVE

IS ThE I S f l~~~~~
YL S WI ND OF ThE DOWNW IN D ~~~

EDGE OF ‘liE SOURCE? EDGE OF 11-Ui SOURCE? - -

(DW-WI T)>0 ?
>0? —~~

CALCULATE Ti AS TRANSIT 0

TI~Ui FRCt’I DOWNWIND EDGE
OF SC*J1~ E AND SIMILARLY,FOR TF AS TRANSIT TI~Ii ~3JRrEST TRANSIT
FRCI’1 DOWNWIND EDGE FOR TIME FI~~ ANY
I DISPERSICts~: PORTJ(1’J OI~ SOURCE :
Ti = 12 + (t*~-WIT) /WSAVE Ti - TZ

TF = TY

~~~~~~~~~~~~~TZ~~~~~~~~~~~~~~~~~~~~

[szi — I)LLZ/2.4 ~SZI — SIGZ (JSTABT,T 1)]

41 _ _ _  

-

—-4
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IL 
S12—S1GZ(.J STAB T~T2) 

I

FS’Y.I1ELY/2.4~ SY=SI~ Y(JST ABT ,TF) I

{

- 

.-\Rt Y=- (~ 4/sY) **2/2.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

F: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

~~~~~~~~~~~ ~~~~~~~ 
= n*~~~r~~Ti)/SZ1 *

~ [-i / :  ~~s.:I~)~ * ~~~~ 
~~~~~ 

— - 

*[e h/
~ (~ _zR) - 

.
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APPENDIX C
FORTRAN LISTING OF ThE AVAP MJDEL ABBREVIATED VERSION

C... A~sA P M A IM  FOM 0000000 1
R~~A ( * 4  11111 1 1 2 0 ) , T I T L F I I O I  00000002
W F A I * 4  N A M F ( 1 O )  00000003
R E A I* 8  SPMAMF (14),NAUT (5) 00000004
U~T EG EF r J U T P U T , O F A L J L T I 2 3 )  o oooooo s
t ) I M E N S I L N  F M I T ( 5 , 2 )  00000006
D I M E N S I oN  I K A( 1 0 1 ,1K8( 1 0 ) 000)0007
P I M I N S I O N  S O Y ( 2 )  00000008
~F ’ t T  ( C -NT A I l ~S F I V E  P O L L U T A NT  E W I S S r ( N  P A T E S  F(IP TWO A P F A  S nU PC FS oo o o o o rc
!~1 M F N S L ( J N  X P E C P ( 2 0 )  , Y R E C P ( 2 0 ) , Z R F C P ( 2 0 ) , N P U S E [ (  20 1 0000-3 0 10
~ IMFN S ION L C ” ~110 ) 00000011

~IM1NSI0N x A 4 7 ) , Y A ( 7 ) , l A ( 7 ) , X 8 I 7 ~~, Y B ( 7 )  ~~~~~~
r IM L N SIUN PTXY (2 ),EMLNI5 ),EMTF (51 00000013
( ‘ I M E N S I O N  CCUP(201,TERM (5I,EMTX!(5 J,F~~TXO(5 I, 00030014

— kw I O L ~~S ,2 u,EMI 0(5I,~~A PU 1 5 1 00000015
OIM ~ N S 1 C N  *L 5 C (~~ .O,6) 00000016
‘~T IENS I0N AI SE (60,6) 00300017
TMEN SIC~N P L L T ~-4T (5),S~ VHF~~14~ 00000018

~IMFNS II)N CW S (2),OWS(21 ,CWR (201,rwp (201,PEcr-AT(4,5,20) ooooooic
fl IMF NSI0~. MF~ F15),X 5TARl5I 000000?0
C C M M O N / O E F L T / NA C ( 1 H , F I N C c . ( 10 ) ,F IKO F ( 1 0 ) , N GI N( L o) , l N r ,N ( 1 0) ,  00)03021

-
- 1~~~I I 5 , 4 , 5 ) , C S R w , H R ~~, F T A X I ( 1 0 ) ,  00000022

2 F T X I I I 1 0 ) , F T X I J I 1 0 ) , P S T W , H T W , D S P A ,HPA ,F F t J H ( 5 I , E F U L ( 5 I , r S A P , ~~A P , 00000023
3 S P V T I M ( 1 0 , 1 4 1 , K 4 p U ( 1 o I , A p u ( 5 1 , F I O I E ( 1 o 1 , T G N D ( l 0 ) , O FA U L T  00300024 ItC O M M t N/ O F L T A / O F L Y , D E L L  000G002~I C M M D N / F U E I / F F r ( 5 ) , E F C , 1 5 1  00300026
CC MMIN/L N /0 t , x W L~~y w 1 , Z ~~1,x ~~2 ,Y ~. 2 , Z b 2 , C n F F l , c 0 F F 2 ,v A 1 , v A 2 , v r 1 , v 0 2 ,  00030027

— C , 1 I M I , V A I 2 , V A 2 2 , V D 1 2 , V r - 2 2 , W S 2 , W S C , J A O , S N A N , C S A N , V I , V 2 , V 1 2 , V 2 2 ,  00030028
— T A I L , V S , SP ,~~P 000)0029
CCMMC14./1t\i/IAtC 00300030
rcMM(~./LGc,rw ,cw 0030)03!
(CM ? [)N/ME’/bS,W3,4STAII,HLID,TFMP,Xt ,SUD QY,SUCIZ 00)00032
CC 4MUt~/PL 4/XS (5),VS (5),S1XIII5),WIfl5) 00000033
( CM MON/PUL / P.~PT, 1 .1( 5 )  000)0034
c(MMCN /KECPT/HRECPT,HTAFPO,ZPECP (; 00000035
( I M M D N / R IS E / Z S S  00000036
I CMMON/ SEU OO/ TX T , TYT,TZT 00000037

00000038
( CMM O N/ XTPAP ~/W SM 0 , N C A 1 M , S Q T O P !  00)0O03~
‘*1* NA ME/’cr ‘ , ‘THC ‘ , ‘~ ‘OX ‘ , ‘ PA F T ’ , ’ S ( - X 1~~~5*~~ ‘I 00000040
:ATA p .AUT/’Cf (PPM) ‘,‘THCIPPM )’,’N-1 x (PPM)’ ,’PTIM/CM )’,’502(PPM)’/ 0000006 1

~~ TA I~LANK /’ ‘/  00000042
‘ATA SO2PI /2.5066283 I 0000004~(.CNVF CONVE RTS lf$ S/MI** 3 INTO M!CR (J GM/M**3 00000044
C AJA cr-NvF/.10d821391 00000045
3ATA C (N/1250.,666.,2O5’~.~~1.,2$54.,5~~I./ 00300046
1(~.PUT = 5 00033047
~ UTP UT = ~. 00300048
R F A L j ( I N P U T , 1 7 )  T I T L E !  00000049
P~~A 0 l I N P U T , 1 9 1  I T I T I F I I ) . ! 1 ,10)  c 000oo c o
W P I I F ( f O U T P U I , 17 1 T I T L E I  00000051
w P I T ( ( ( t J T P U T , 3 1 ) ( T I T I E I T ) , I = L , I O )  00000052

17 FCWMA T (2044( 000000 53
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1~ 1~~Mt.T t10A4 ) 00000054
S~~A N T~~E v L t t U I A M T  S P E C I F I C A T I O N  C A R O .  oo o ooo ss

MP1 0 000000St
1 00000057

= 1 00000058
I F L A G  = I 00000059

‘ ) 3  T I ( N A M I ( I ) . F 0 . T I T I ( ( L ) I  (-U TO 502 oooooo~o
~
-
~0’~ 1 1+ 1  0000006 1

I~~I L . L L . 1 0 ) (~( Tn 500 00000062
I = 1+1 0000006 3
l f(l.t, T .lO ) GO TJ 501 00300064

1 0000006~
‘~( 

1(1 5)0 00000066
s~ i i~~I I F LA c , . F c . u ;r: 10 503 0000 )067

- .f IU 504 00000068
I F ( 1 1 1 1  (1 ) • — c .  ~LAN K ) Cl To) 505 00000069

~~ T+1 00000070
= 0 00000071

~~~~~ 1 J ( P ~.P1 ) I 0000007 2
!c U.PT. r L .1)  ~ 70 510 00000073
I~~~~( IJ ( t’~’1 ) . l C . I J ( M P T — 1 )  I GO T (~ 507 00000074

¶ I I ~ ( f ~~1 ~~~~ 00000075
IF(1. (T .1O) r % I  T J  505 00000076
‘~C IL 1)4 00000077

-
~~~ 1f(’U1PUT,5O~j! (TTTLFIU.I =l ,10 ) 00000078

1)~ 
~r~~-’A ’ (1~~1, ’ FRP OQ————P O LLU TANT NAMF NOT FliUNO ‘.10A4) 00300079
G( I L  504 0000008 0

rn,  ~~~!T F  (~~Oj 1 P U T , 509) 11T h ( 1)  00000081

~0’, ~r~~M(.1( 1H1, 1 PUPI IC AT F  POLLUTANT PF Q UF ST ‘ ,A 4 1 00000082
‘ P T  00000083

n 00000084
) .  C 0 . 1 I~ -~~ 00000085 ‘ -

• 2 00-300086
r 14 00000087

A ’V 1 00000088
00000089

-‘~~~ -~~~- -0- 1 0 . 4 1  ~F A F F 0V M ’~E FOP W I N O  M FA S U P E MV N T  00000090
1 . r A 1~ ( IP~~I,1 ,4?13) bT A F p f l , bS p , o 1 p , T E f ~P,JS T A a , NLIO,NMflNTH, NP 00000091

.71? ~~~~~~~~~~~~~~~~~~~~~~~~~ 00000092
~. F A t ( I I ~P i T , 12)  N S P , NA C T , P - F N T , N A V P ,NA C A , N A N A  00000093

r T ~ F-LUL I flO fl CNS. 00 -000094
0000009 5

r A I ( I 1 J t ,1)(P~~AU1T(I) ,I 1,23) 000000 %
C 00000097
r • •  • -~~t,C I~F( f P ir~ C ) O P DI N A I F - S  X ,Y ,  I~. MI LES,  Z IN F EE T .  00000098

- ‘A 1 (I ~.,-IJT ,471L )(N0.(jSft(N),X0~E(.P (N),YRECP (N),ZRFCP (N),N=1,NSP ) 00000099

~r 2 2 c . ,  ~~L = 1 , 4  00000100
1 ~ � ‘ 3  i t  1,~~°T 00000101

= IJ (h1 I 00300102
C 2~~~i s3=1,N S~ C0000lc- 3

/ ,‘‘, ~~ t~ .AT (’j,K2,~~1 )=0.O 00000104
‘ f V  T F M D  00000105

— I” 0030010~
‘ C  

~
- , . -Pr~~~•j 5  00000107

j ’- i ~.i-o i- - J S T A ~i 00(100108

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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I UN( IL IN H M IX  WILL  i’FTLJP N A VAIUF FUR M I X I N G  OFPTH 00)00109
HIlL- N1l0 *10 00)00110
IF (toLIC.EQ .0.0) H&ID HMIX(JSTAHB,NM( NTH ,Np,WS ) 00000111
WR1TE(1UT PUT ,34) N s P , N  Y,NT X I,NAP ~~,NACA,N A CT, N ENT ,NSVP ,NAV R ,NANA flO0~)O I 1 2
W PII F (UUIP1j I ,~~711 ) NSP ,(XRECP (N),YRFCP(N),ZR0CP (NI,N=1,NSRI 00000113
.~Pj T E I r u 7 P U T , 9 7 4 4 ) l N P U S F 0 I N I , N 1,NS P)  00000114
WR I T E  ( O UTP UT ,97 3 4 )  H T A F R ( ~,W S, O1 R , T F M P , J S T A b , HL1D 00000115

C . .  C I M P U I E  S I N C  A NU C O S I N F  OE THE WIN G ANGL E 00000116
o.C~~A t =W P * .01745 00000117
SIN~ t= c I N I w O PAO 003)0118
CCSWN ( 1S (WDPA,~) 000-)011S
A wS *SINWD 00)00120
F~=WS*(( SWD 00000121
HL HIIC*0.4?/5280. 00000122

00)00123
00000124

TX=0. 00000125
T V = O .  00000126
T Z ~~0. 00000127
CA L L  PSF I ,JPP I D S,A ,B, TX, TY ,TZ ,UX ,OY ,JSTAB , HL , i(L ) 000-30128
XL =W S t -I Z 00)00129
w S2 = 0’.S~~W S 00000130
~ A N = 27O . —~~0- 000)0 131
~ AN W 4 N * 3 . 14 1 ’ 92 7 / I~~0. 00000132

0 G S ( W A ~4 I 00300133
SNA -’= SIN(WAN ) OO)001’4

• T P ~F U I  ~~~~(.R.A F 1  AQ~~1 V A L  ~ Nr L) EPARTUR F A C T I V I T Y  BY TYPE • 000)0135
C.. 000-30136

T F ( C F A I I L T ( 1 ) . N E . Q )  00)33 137
1’~F A P ( I ~~P U T , 5 ) I N A C ( 1 ) , I = 1 , N A C T )  003001~~8
~~~IT( ((-UTPL4T,~~~)) NACT ,UAC (K),K 1,NACT ) 00000139

‘ - )  ~ C PM~~111X ,’/ ~~P IV A 1  A C T i V i T Y  FO P A I R C R A F T  T Y P F S  I THROUGF” ,13 000-30140
- .~~* , 1 0 I 3 I  00-3)014 1

0 .. 00000142
0 .. I ’ i PUT TIM ~- Ih1 IF I ~PU~T U LA N DING MOOE . 000-30143
C . .  0003014 4

V f ( 0 F 4 (J I T (2 J . N t . 0)  000O014~1 i - f 4 r( U,PuT ,2~~) ( F h N D O ( I ) , I = 1 , NA C T )  000)0 14b
r f T ~~((,TPUT,597 )ULj” [G(I),1=1,NAC ’~) 00)00147

C . .  00000144~!NPLI T 1 ~~~( HOt J F ) S PFNT IN TA KE— cr F MODE . 00)30144
00)O O 1~~I F IL F A U L T ( 3 1 . N E . 0 )

1 P F A r - I T N P u T , 2 S I I c T K C F I I ) , I = l , N A C T )  ‘ ooo-,oi~
~~~ iF- h o J T P UT , 5 9 i )  ( FT K C F ( 1 1 , 1= 1  ,NAC TI  000001’-

1.. 003)01’ -.
C . .  ~ - I LI1 T~~F ~U~’E’(~ I F  ~ M,lNFS US E D W I T H  E A C H  A I P C P A F T  T Y P E .  00 ) 00 1- 5

00000 15~IF ( L f I t U h T ( -~.) .N f . 0)  000001r7
I ~ I I NP I ) T,  5) (N~,1 NI I ) , 1 =1 , NA C T I  0000015~

00O-301~~~
T~~~~ I’L1 T~~ F~ - - I N F  T Y P E  IN1-~~X OF T I-’i~ APCVF I-NGINFS. 000001 (’O

4 • •  0000010 1
IF( !I-AuhT(S) .N0 - .0) 003001(2
Uf~~ I I~: T,’I (I’RN ( I I ,I=1, NACT ) 00)00163
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( • •  (00000164
I .. I N P U T  F O P  IHF ~F~-CII-IF( P ( I t ( I J T A N T ( S ) ,  THE E M I S S I O N  R A T r I L  B/H P ) 00000185

L4 F -~LH Ajc O C F  A F T  -M G INI TYP~ F(ll’( THE Fo ) L IC OWI NG Fi)OJB (41 F ( C ~E S  000001
t O -  IPE PA 1 I N : 1. T AXI, 2. lEL E . 3. LANDING, 4. TAKE— FiFE . 00)00U7

IFIrF AOL T It ) .F~~.O ) Cl TO 446 00000168
C.. 00000169

‘
~~C 445 Ir 1 , !”NT 000-30170
0~~ ~45 J~~1,4 00030171

44) P i A L ( l ~~P U T, 3 ) (~~M I I I , J , I J ( K) I ,K Z 1 , N P T I  00-300172
— ‘.48 C1’-d It 10- 00)00173

= 00300174
00300175

I F ( r F A u L T ( ~~) . F Q . 0)  00 1(0 4~~ 000-)0I7~
= N E N T  00-300177

C 0003017 6
-.41 - ‘1 448 I 1 , 1 5  00)00179

‘1 440- J 1 ,4 00000180
.,. R I T ~~( C u T P 1 1 T , 1 5 ) ) ( J , ( t M I ( I , J , I J ( K I I , K 1, N P T ) )  00 00 01 0 - 1

‘$4 ~ L L N T I N U ~ 00000182
00030183.. !~~~ LT I~~I T 1 A I  T~~~NSIf lF ’ S OF RUN W AY W I D T H  ANt) H EIG HT . 00000184

C . .  0000016’S
I f ( , - ~~A U L T t 7 ) . N F . 0 )  000001~~

I . r ~~nt! .~~1jT, 773I DSRW. NF o-~ 00000187
00000188

= I-’~~ø/ 1 . ?  00000189 It
0 00000190

A l t  vSr u~ 1 trs ,~,A,~~,Tx1, TY1,TL1,1X, PY ,JST 4b,HFW ,KLI 00000I~~1
S TX I 000001°2

‘,LI;1 / .~S * TZ 1 00000193
C.. I ’~-2UT ~AY ((‘1- )INATFS . 00000194

00000195
41 (LN P OJT ,12 441 X1 ,Y 1,Z1,X2,Y2 ,12 00300196

,~~I I 1 ( CU TPUT ,971~i) X 1,Y1,Z1 ,X2,Y2,Z2 00000197
/1 L1 /52t~O. 00000198
12 = L/ 5 ) h C .  00 -30019 9

00000200
0000020 1
00)00202.. ~~-. -~ UT  S- IJ~-.WAY pAF,~M F T r ~oS : I t I T I A L  AND FINAL V FLO CIT I FS DUFING 00000203

.
~~ Iv A t  A~~I r~~ PAL ’ T j O - ,  , T A K ~~~ — Q F F  P PIL T T t ~0- , A ND EXHA U ST T A I L  I ENGTH . 00000204

C.. T~~~S~ VAi U F S KI L t )tP-AUL T AS FOIL OWS~ 00’))020E
C.. V \ 1 = P I O N W A Y — A R P I V A L  I N I T I A L  V F IL ( I T Y  = 145 MILES/ h OUR . 003002Co

VA 2 = DUNW4 y-A 4~R IV t0 L F I N A L  VEL O C I TY = , 
~5 MILES /Hr-UP. 00000207

C .. ~0 1 F-iit . WAY — rTh PA PT IJL I- INI I IAL VF IUC ITY= 0 MILES/HOUR . 00000208
C . .  ~ t N W 6 Y — f l f r P A P T i J PF F I N A L  V O I C C I T Y  = 180 MILFS/HCUP . 00300209
C . .  T 1I”~ ‘~A K F —  OF F R C L L  T IM E  = .01111 HI7UtS. 00000210

1. IL r X A U ST TAIL L F” ( .T H  = . 8 ’ S2 )  M I L E S .  00000211
00000212
C-0 )00213

I ‘ N P uT .  1 2 4 4 )  V A 1 , V A 2 , V C 1 , V 1 2 , T I M F  , T A I L  00000214
.~- J T 1 - I r I J I P t J T , ç 7 1 1)  V A I , V A ? , V U 1 , V f 2 , T l t ’ F , I A I L  0000021”
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