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INTRODUCTION

The purpose of smoke screening/obscuration with chemical smokes such as
white phosphorus (w P) or hexachioroethane (HC ) in a tactical environment
is to attenuate the transmission of el ectromagnetic radiation in a finite
optical path or line of sight to a threshold level of the human eye or
electro—optica l si ghting , designating, or guidance system. Attenuation
of electromagnetic radiation is dependent upon such factors as absorption
and scatteréng l~ I uid rr.14-pita.tion and the crosswind integrated ~~~

-ia-

concentration of the plume or puff of smoke deliberately injected into the
line of sight, The amount of chemically produced smoke (munition expen-
ditures ) required can be determined from empirically derived relationships
of transmittance versus concentration data .

Current techniques for calculating munition expenditures do not consider
certain meteorological parameters such as visibility and relative humid-
ity. Ignoring such parameters can result in the incorrect calculation of
required smoke munitions . Consequently, a semiempi rical al gorithm has
been developed for battlefield use for calculating munition expenditures.

The algorithm is called KWIK (an acronym for crosswind integrated concen-
tration). The primary output is munition expenditures for artillery en-
gaged in smoke screening/obscuration support of other military elements .
This report describes the meteorological and mathematical background of
KWIK .

Figure 1 shows a typical scenario where smoke screening is utilized to
conceal the movement of friendly forces along path X. The enemy is be-
lieved to be somewhere on a hill having a line of sight L. The symbols
used on the figure are described as follows :

N — grid north

S - angle of line of sight to target

L — slant range to target

X — distance to be smoked

Z - mean height of target

H - release height of smoke

V — wi nd direction

— direction of line of sight from grid north

A — angle between wi nd direction and line of sight: V -
A bl ock diagram is presented in figure 2 which contains details of the
four main sections of the KWIK smoke program: (1) meteorologIcal inputs

2 ‘H 
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and ca lcu la t ions , (2) meteorological opti cs and smoke concentration cal-
cula t ions , (3) atmospheri c diffusion and smoke source strength calcula-
tions , and (4) munition expenditures . A descri ption of the algorithm Is
presented to show mathematically how the four parts of the algorithm are
derived. The fi fteej~ tables c~ntain equations and values -~ f coefficients

• which are essential to the appropriate calculations in the algorithm. A
- flowchart of the algorithm is also given followed by glossary of mnemonics

ai~~- software H’~tings u~Thg FORTRAN , BASiC, AND HPL programing la~~uages.
, The latter is for use wi th the Hewl ett-Packard model 9825A desktop computer.

DESCRIPTION OF ALGORITHM

Meteorological Inputs and Calculations

Nine meteorological inputs are necessary to execute the algori thm. The
inputs are:

1. Cloud ceiling (hundreds of feet)

2. Cloud cover (percent)

3. Visibility (miles )

4. Precipi tation indicator (yes or no)

5. Temperature (degrees F)

6. Dewpoint (degrees F)

7. Wind direction (tens of degrees )

8. Windspeed (knots )

9. Length of average surface roughness el ement (centimeters )

Met information of this type is available in the battlefield from one of
the following sources:

1. US Army observation

2. US Air Force Air Weather Service (USAF—AWS ) airfield observations

3. AF-AWS-GWC (Global Weather Central) prognostications

In addition , the following information about the location requiring the
smoke is also an input:

1. Site identi Fi cation (if any)

2. Latitude of site (decimal degrees)

3
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3. Longitude of site (decimal degrees )

4. Altitude of site (kilometers )

5. Julian data and Zulu hour of met data recording

6. Slant range to target (meters)

• 7. Angle of sight to target (decimal degrees )

8. Total distance to be smoked (meters )

9. Rel ease heigh t of smoke (meters)

10. Mean heigh t of target (meters)

1 1. Direction of line of si ght (decimal degrees)

12. Time smoke is required (minutes )

The in put units are shown both in the English and metric systems because
that is the form in which they are supplied by the sources quoted. However ,
the program converts all units to the metric system.

The calculation of atmospheric stability is based upon work by Dr. F.
Pas qui ll ,1 Stabi lity close to the ground is dependent mainl y upon net
radiation and windspeed. l icoming radiation is dependent upon solar
altitude , wh ich is a funct1 on of time of day and season of the year.
The amount of cloud cover and its thickness will also influence incoming
or outgoing radiation. For daytime , table 1 is used to arrive at an
insolation class number as a function of solar altitt de. This number
becomes th e net radiation index (table 2) after being modifi ed by the
amount of cloud cover an d ceiling. For instance , if the total cloud cover
is 100 percent and the ceiling is less than 7000 feet (whether day or
night), the net radiation index is equal to 0. For nightime , estimates
of outgo ing radiation are made by considering the amount of cloud cover.
For exam p le , if the total cloud cover is less than or equal to 40 percent .
-2 will be used for the net radiation index ; if it is greater than 40
percent , the net radiation index will be -1. Table 2 shows the stabflity
class as a function of windspeed and radiation index. The stability
classes are identified as follows :

A - extremely unstable

B — uns t ab l e

C — slightly unstable

‘F. Pasquill , 1961 , “The Estimation of the Dispersion of Wi ndborne Material ,”
Meteorol ~~~~~~~~~ Vol 90

4
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U — neutral

E - slightly stable

F - stable

G - extremely stable
I

These are also iden t i f i ed , for computation purposes , as numbers 1 through
7. The net radiation index ranges from 4, the highest positive net radia-
tion directed toward the ground , to -2, the highest negative net radiation
directed away from the earth. Instability occurs when the positive net
radiation is high and wi nds are light and during neutral conditions with

— cloudy skies or high windspeeds. The algorithm utilized this procedure
to determi ne the atmospheric stability category .

The algorithm converts visibility from mi l es to kilometers and temperature
and dewpoint from degrees Fahrenheit to degrees Celcius. Relative humidity ,
a function of temperature and dewpoint , is calculated as a ratio of the
vapor pressure 

~~~~~ 
at a temperature I (degrees C) and the saturation vapor

pressure 
~ vm~ 

at dewpoint Td (degrees C) expressed by: -

P
RH =~~~

!_ 
(100 ) , (1)

1’vm

where
aT IT + b

P = 6.11 (10) d d
vm

• I The constants a and b are as follows :

over ice over water

a = 9.5 a = 7.5

b = 265,5 b = 237.3

The above solution , according to Haurwitz 2 can be attributed to Tetons and
is similar to a theoretical formula derived from the equation of Clausius

2B. Haurwitz, 1941 , Dynamic Meteorology, McGraw—Hill Book Company, Inc.,
New York
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Clapeyron descri bed by Brunt.3 The only condition necessary to apply
the above is the ability to distinguish between the saturation pressure
over ice and over water , i.e., the freezing point.

Meteorological Optics and Smoke Concentration Calculations

The optics portion of KWIK is adapted from an approach to atmospheric
transmission suggested by Downs.~ Transmittance of light at various
wavel engths through a path is determined by calculating the attenuation
due to absorption by water vapor , scattering by haze or fog, and precip-
itation . When the attenuation due to atmospheric conditions is known ,
the attenuation due to smoke that is required to lower transmittance to
a threshold contrast for a particular wavelength can be computed. By
use of the transmittance and empirically derived relationships between
transmittance and concentration for various smokes , the crosswind inte-
grated concentration for a particular smoke can then be computed.

Absorption is directly attri butabl e to the amount of precipitable water
in a path , assuming the water vapor concentration in the atmosphere is
reasonably well behaved and exhibits a scale hei ght of about 2 km. The
water vapor concentration expressed in centimeters per ki l ometer of path
length may then be given as:

W = W e ~~ 
sin 0)12 

, (2)

where W0 is the precipitab le water along a path L and 0 i s the angle

between the horizontal and the heig ht of a target above or below an obser-
ver. is computed from the following linear regression equation re-
lating precipitabl e water and dewpoint temperature (Td):

W0 = 0,4477 + °~
°328Td + 1.2(10) 3T~ + l.84(10Y5T~ (3)

- - 

Equation (3) was fit to data extracted from Downs~ (fi9ure 4 in Downs)and is considered valid for all geographical regions.

3D. Brunt, 1952, Physi cal and Dynamical Meteorology, second edition , Cambridge
University Press, London

~A. R. Downs , 1976, “A Review of Atmospheric Transmission Information in
the Opti cal and M icrowave Spectral Regions ,” BallIstics Research Laboratories
Report 2710

6
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The amount of water vapor in the path, W, is given by:

w =  w
oJ

L
e ” sin 0)/2 dL . (4)

Transmission through the absorbing component of the atmosphere is calcu—
Th1!!U by using an error function ~bsorption law developed by Elsasser

5

T = l - e r f (z) , (5)
z

erf (z) =

)

~
7

~~~~~
_[ 

e
_ Z2 

dz , (6)
0

where

z = 0,5~~~~~

= error function absorption coefficient as a function of wave-
l ength (table 3).

Downs~ states that the Elsasser approach is unable to correctly address
• long wavelengths and suggests using an approach described by Fisher 6 for -

the far infrared wavelengths (8pm-l4pm). Thus the computation of trans-
mission due to absorption by water vapor for the long wavelength case is
given by:

T = e °~
°68

~~ (7)

-
~ Reduction in transmittance due to attenuation by haze and fog can be

calculated by using the Mie theory . Downs~ indicates that the Miescattering coefficient decreases with altitude such that its behavior

5W. M. Elsasser , 1942, “Heat Transfer by Infrared Radiation in the
Atmosphere ,” Harvard Meteorological Series 6, Harvar d Un i vers ity Press ,
Cambridge , MA

• 
L,A R. Downs , 1976, “A Review of Atmospheric Transmission Information
in the Optical and Microwave Spectral Regions ,” Ballistics Research
Laboratories Report 2710

6D. F. Fisher et a1., 1963, “Transmissometry and Atmospheric Transmission
Studies Final Report,” Univers ity of Michigan , Institute of Science and
Technology

7
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can only be estimated . Thus the following expressions for °M (~1ie

- • scattering coefficient) are , at best, an approximation to the behavior
I I of the G

M 
versus altitude relations hip

= ohfe 
sin 0/4.1 v > G(A) , (8)

ohfe 
sin 0 ln (0.l/ahf) V G (A), 0 < L sin 0 < 1 km

a = O.l28e~ 
sin 0/4.1 V c G (~~~~

) ,  1 km < L sin
—

0 0 * 0 , (9)
M M, M2

-~~ where is a coefficient of attenuation determi ned from a linear regression
equation as a function of visibility and wavelength (table 4) ,  based upon
Downs ’’~ evaluation of the best avai lable data. V is visibility , and G(A )
is the scale height of °M’ S(X) is not constant; rather it is a function

of altitude , visibility , and wavelength . Table 5 indicates approxima tions
for G(A ) for various wavelengt hs considered. Transmission along a path
wi th attenuation can be determined by the equation

T e
_ 0

M~~ 
dL (10)

Thus, reduction in transmittance due to attenuation by haze and fog can
be calculated by using equation (10) by substituting a value for accord-

ing to equations (8) and (9). If precipi tation is Indicated (by input
parameter), then the value for transmittance in equation (10) is set to
one and a calculation is made for attenuation by precipitation instead.

~A. R. Downs , 1976, 1A Review of Atmospheric Transmission Information
in the Optical and Microwave Spectral Regions~” Bal listics ResearchLaboratories Report 2710
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The reduction in transmittance due to attenuation by precipitation can be
obtained from the equation

T = e~~~ r~~ 
dL (1 1)

where L is the path length and 
~r 

is an attenuation coefficient deter-
mi ned from a linear regression equation as a function of visibility and
wavel ength (table 6).

The total transmittance along an optical path is the product of the
partial  transmi ttance

Ttotal = TaThfTpTs 
(12)

where

Ta = Transmittance due to attenuation by atmospheri c absorption

Thf = Transmittance due to attenuation by haze and fog

I = Transmittance due to attenuation by precipitation

T = Transmittance due to attenuation by smoke

T can then be calculated from equation (12), and the desired thresh—

hold contrast of transmittance for a particular wavelength can be expressed
by using the following equation:

T = — 
tc 

, (13)
S T T hfTp

where Ttc~ 
the threshold contrast , is based upon the Koschmieder7 theory

and is ~et equal to 0.02.

After the transmittance due to attenuation by smoke has been computed, the
line of sight integrated concentration (CL) necessary to achieve this
value can be calculated from a linear regression equation as a function
of transmi ttance and wavelength (table 7). The data used to fit the
regression equations comes from laboratory and atmospheric test results
for transmittance through variabl e concentrations of different smokes
over finite path lengths . The line of sight concentrations may now be
utilized in a Gaussian di ffusion scheme to determine smoke source strengths.

7H. Koschmieder , 1924 , “Theorie der Horizontalen Sichtweite ,” Beitr
Phys Frein Atmos, 12:33— 53 , 171—181

9
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Batchelor8 pointed out that the Gaussian function could provide a general
description of average diffusion in a continuous plume. Di ffusion studies
by Hay and Pasquill ; ’~ Cramer , Record , and Vaughan; ’0 and Barad and I-Iaugen 11

suggested that Gaussian plume formulae are quite practical and appl i cable
in the atmosphere.

Atmospheri c Di ffusion and Smoke Source Strength Calculations

Successful smoke screening/obscuration in the surface boundary layer is
largely dependent upon the existence of the meteorological data necessary
to describe the diffusion process. Generally, because of the type of
meteorological observations available in a battlefield environment , an
assumption of Gaussian diffusion may be the only model for which adequate
data will exIst. Since KWIK was developed for actual fi el d use , Gaussian
diffusion theory was employed. Estimates of downwind dispersion may be
derived by using methodology developed by various individuals , including
F. Pasquill , F. A. Gifford , F. B. Smith , 0. B0 Turner , and R,, P,, Hosker , Jr.

The vertical dispersion coefficient , a , is calculated from the follow-
ing equation: Z

= F(z~; X) g(X) (14)

-j ln~c1 x 
d
i[1 + ~c2 X 

d2y’]~ , z0 > 10 cm

F(z0; X) =

• ln~c1 x dl[(l + c2 x d 2 ) — 1 ]  
, z0 < 10 cm

and

g(X) (a, x b l) , ( 1  + a2 x b2)

8G. K. Batchelor , 1949, “Diffusion in a Field of Homogeneous Turbulence ,
I. Eulerian Analysis ,” Aust ralian J S c i Res , 2:437—450

• 9J. S. Hay and F. Pasquill , 1957 , “Diffusion from a Fixed Source at a
Height of a Few Hundred Feet in the Atmosphere~” J Fluid Mech , 2:299

- •  ‘0H. E. Cramer , F. A. Record, and H. C. Vaughan , 1958, The Study of the
Di ffusion of Gases or Aerosols in the Lower Atmosphere.~~~eport AT~ t TR-
58—239, Department of MeteoroTogy , Massachusetts Institute of Technology

‘1M. L. Barad and 0. A. Haugen , 1959, “A Prel iminary Evaluation of Sutton t s
Hypothesis for Diffusion from a Continuous Point Source,” J Meteorol, 16:12

10
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where

The coefficients a1, b1, a2, b2 are given in table 8,

the coefficients c1, d,, c2, d2 are given in  table 9,

and

X is total distance to be smoked (meters).

z is the surface roughness length computed by using the average rough-
ness element (V - one of the program inputs ) and the following equation:

log,0 z0 
= -1.24 + 1.19 log,0 Y (15)

where V is estimated by a visual survey of the average hei ght of trees,
bushes , or grass.

The lateral dispersion coefficient, 0y’ is calculated from the fol l ow-
ing equation:

Gy(X) = a (16)

where X Is the total distance to be smoked , a is obtained from tabl e 10
as a function of stability category, and b is a constant equal to 9.0.

The previous calculations of and are for a continuous source, such
as HC smoke. For a quasi—instantaneous source , such as WP, and

are computed as two-thirds of the values determi ned in the continuous case,
based on experimental results of Smith and Hay.’2

The crosswind integrated concentration , CWIC , is determined from the computed
line of sight integrated concentration value by applying a wind direction
correction factor, f, as foll ows:

CWIC = (CL)f , (17)

‘2F. B. Smith and J. S. Hay, 1961 , “The Expansion of Clusters of Particles
in the Atmosphere,” Quart 1 ~~~ Meteorol Soc, 87:82
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where

f = ~~.3124/[6.76 (sin A)2 + 0.49 (cos A)2]

CL = line of sight integrated concentration

A = jd 1 - d21

d, = surface wind direction

d2 = direction of line of sight

After the dispersion coefficients and the crosswind integrated co~rentra~tion have been determined , source strength , Q, can be computed from the
following equations :

Continuous Source

Q = X(azV~~)/(2
½e 0.5 baz)2) . (18)

Quasi-Instantaneous Source

Q = X(azay~)/e
Z
~~~~~~

0z
2 

(19)

where

L = vertical dispersion coefficient

= lateral dispersion coefficient

H = release height of smoke source (meters) (figure 1)

Z = mean height of target (meters)

V = surface windspeed (mps )

Chemical smoke aerosols are hygroscopic and thus the source strength must
be modified by a yield factor, which is a function of relative humidity ,
as fol lows :

• 
~m~~~ ”~ ’ 

(20)

where Y is the yield factor (table 11), and is the modified sou,4ce
strength.

12 •
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f Munition Expenditures

KWIK calculates munition expenditures following the procedure described
in Army Training Circular 6—2O—5.’~ Basicall y, this procedure determines
the number of guns and the number of munitions per gun in order to calcu-
late the total number of munitions ieeded for a smoke mission.

The number of guns is determined by the following equation:

G = , (21 )

where

G = number of guns

S = unit source strength (i.e., total amount of chemical material
availabl e in one munition)

The number of guns calculated is always rounded up to the nearest whole
number.

Next, the total time for replenishment (i.e., the total time smoke replen-
ishment is required to maintain the desired screen) Is obtained from the
relation:

W = T + A - B  (22)

wherc

W = time for replenishment

T = total time smoke is needed

• A = time required for buildup (table 13)

B = munition burn time (table 14)

Since time for repl enishment has been calculated , the number of munitions
required for one gun can be computed as follows :

F = 1 + W D  (23)

13”F ield Artillery Smoke,” 1975, Tj~a1ntrrn Circular 6—20— 5, US Army
Fiel d Artillery School , Fort Si ll , OK

13
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where

F = number of muniti ons for one gun

= computed time for replenishment

D = rate of fi re of gun (table 15)

The constant (1) in equation (23) represents the initial munition round 
—

fired by a gun.

Total munitions required , R, can now be calculated by the following
equation:

R = G F  (24)

where

G is the number of guns , and F is the number of munitio ns per gun.
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TABLE 1. INSOLATION AS A FUNCTION OF SOLAR ALTITUDE •

Solar Altitude Insolation
Insolation Class No.

600 <~~ Strong 4

35° < < 60° Moderate 3
- I 15° < < 35° Slight 2

~~< 15° Weak 1

TABLE 2. STABILITY CLASS AS A FUNCTION OF NET RADIATION AND WINDSPEED

Windspeed Net Radiation Index
(knots) 4 3 2 1 0 —1 —2

0, 1 A A B C D F G

2, 3 A B B C 0 F G

4, 5 A B C 0 0 E F

6 B B C D 0 E F

7 B B C 0 D D E

8,9 B C C 0 D 0 E

10 C C D
•

D D 0 E

11 C C 0 0 0 0 D

>12 C D 0 0 D D 0
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TABLE 3. ERROR FUNCTION ABSORPTION COEFFICIENTS

Wavelength 6

Visual 0.118

l.O6pm 0.22

2.3km 0.14

3.8km 0.55

TABLE 4. HAZE AND FOG ATTENUATION COEFFICIE NT EQUATIONS

Visual ln 0hf = 1.5551 - 0,9811 m V  - 0.0197 (lnV)2 + 000041 (lnV)3

l.O6pm in 0
hf 

= 1 .5551 - 0,9811 lnV — 0.0197 (lnV)2 + 0.0041 (lnV)3

2.3jim ln G
hf 

= 1.4491 — 1 .0044 m V  — O.l2(lnV)2 + 0,0032 (m V)3

- j 3.8pm in 0
hf 

= 1.2394 — 1.0436 m V  + 0.0099 (lnV)2 — 0.0016 (m V)3

l.06iim ln °hf 
= 1.5176 — 1.7147 lnV + O.flOl (lnV)2 + 0.0428 (lnV)3

0hf = Haze and fog attenuation coeffic ient

V = Visibility (km )

18
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TABLE 5. G(A) — APPROXIMATIONS FOR SCALE HEIGHT OF HAZE AND FOG
ATTENUATION COEFFICIENTS AS A FUNCTION OF WAVELENGTH

Wavel ength G(A)

Visual 26.7

l.O6pm 13.0

2.3pm 5.3

3.8~m 5.1

lO.6pm 5.0

TABLE 6. RAIN ATTENUATION COEFFICIENT EQUATIONS

Visual l n
~~
ar = 1.3306 — 0.6825 m V  — 0.0753 (m V)2 + 0.0129 (m V)3

l,O6pin ln
~~
ar = 1.4098 — 0.9865 m V  — 0.0140 (lnV)2 + 0.0023 (lnV)3

2.3pm l n- a  = 1.5497 — 0.8696 lnV - 0.1084 (lnV)2 + 0.0231 (lnV)3

3.8pm ln
~~
ar = 1.5556 — 0.9013 m V  — 0.0773 (lnV)2 + 0.0173 (lnV)3

l0.6jim 
~~~~ 

= 1.5928 — 0.9396 lnV — 0.0627 (m V)2 + 0.0168 (lnV)3

ar = Rain attenuation coefficient

V = Visibility (km)

19
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TABLE 7. EQUATIONS FOR DETERMINI NG LINE OF SIGHT INTEGRATED
CONCENTRATION (CL) AS A FUNCTION OF TRANSMITTANCE (T)
AND TYPE OF CHEMICAL SMOKE

Visua l

Fog oil CL = 0.0093 - 0.3428 m T  - 0.0009 (lnT)2
NC CL = 0.0119 — 0.2747 m l  — 0.0013 (m T)2

FS CL = 0.0142 - 0.111 lnT + 0.00004 (lnT)2

WP CL = 0.0055 - 0.1541 m T  - 0.0004 (m T)2

TABLE 8. COEFFICIENTS OF THE FUNCTION g(x ) USED IN CALCULATING THE
VERTICAL DISPERSION COEFFICIENT i

~
(X) FOR THE VARIOUS

STABILITV CATEGORIES CX IS GIVEN IN METERS)

Stability Category a, b 1 a2

A 0.112 1.06 5.38 ( 1O~~) 0.815

B 0.130 0.950 6.52 (lO— ~) 0.750

C 0.112 0.920 9.05 (lO~~) 0.718

D 0.098 0.889 1.35 (lO s) 0.688

E 0.0609 0.895 1.96 (lO~~) 0.684

F 0.0638 0.783 1.36 (l0~~) 0.672

20 

-.. -~~~~~~~ — - - -
- - - - -—--—--- -

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

-



-

~~~~~

TABLE 9. EQUATIONS USED TO COMPUTE THE ROUGHNESS CORRECTION
FACTOR F(z; 

~ ) USED IU CALCULATING
a~(X) [z~ IS ROUGHNESS ELEMENT LENGTH (cm)]

lri c1 = 0.444685869 + 0.294049265 (lnz0 ) — 0.2 ‘21 3914 (lnz0
)2

+ 0.155349504 (lnz )3 — 0.032015723 ( l nz 0Y~
+ 2.15168 (10~~) (lnz0

)5

in d, = -1.298283909 — 1.006186784 (lnz ) + 1.485094886 (inz 0
)2

— 0.774136725 (inz )3 + 0.156559355 (1nz )~
— 0.010823351 (lnz )5

If z0 < 10, then

ln c2 = 5.77267 (lO-~ ) + 2.31943 (l0~~) (lnz ) + 3.71041 (l0~~) (lnz0
)2

— 8.40602 (10_6) (lnz 0
)3 + 1.3421 (l0~~) (lnz0~

- 

• 

+ 2.55131 (10—8) (lnz 0
)5

If 1 0 < z 0 <40, then

ln  c2 = -11.56134901 = 2.148242814 (lnz 0) 
- 0.1 56210817 (lnz0

)2

+ 7.03582 (1Cr 3) ( ln z 0
)3 — 1.47353 (l0~~) ( ln z 0 )~

+ 1.18256 (10—6) (lnz0
)5

If > 40, then

1 n C2 = 1108.366588 — 103.5495836 (lnz ) + 2.424499256 (lnz 0
)2

— 0.014584773 (lnz )3 + 4.34517 (1Cr5) (1nz )~
— 4.69556 (1Cr8) (lnz )5

•. in d2 = 0, 500775609 + 1.092615788 (lnz ) - 1.573065836 (lnz 0
)2

+ 0.724276579 (lnz )3 — 0.140820904 (lnz0
)4

+ 9.61621 (10—3) (lnz0
)5
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TABLE 10. COEFFICIENT USED IN CALCULATING THE LATERAL DISPERSION
COEFFICIENT a~(X) FOR THE VARIO US STABILITY CATEGORIES
(x IS GIVEN IN METERS)

Stability Category a

A 0.22

B 0.16

C 0.11

0 0.08

TABLE 11. EQUATIONS USED TO CALC ULATE CHEMICAL SMOKE YIEL D FACTOR
(Y) AS A FUNC~I0N OF RELATIVE HUMIDITY (RH)

For HG Smoke:

V = 0.9337 + 0.0369 RH — 7.0 (lO~~) RH2 + 6.11 (10—6) RH3

For FS Smoke :

V = 1.3775 + 0.09868 RH — 1.8 ( 1 0— 3 )  RH2 + 1.56 (1Cr5) RH3

For Fog Oil :

Y = l

For WP Smoke:

V = 3.2469 + 0.0774 RH - 1.6 (1Cr3) RH2 + 1.73 ( io— ~ ) RH3I-- --
22
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TABLE 12. UNIT (PER GUN) SOURCE STRENGTHS (GRAMS )

Gun 105 Howitzer 155 Howitzer

Munition HC WP HC WP

Source Strength 18.9 1737.3 48.8 7076.2

TABLE 13. SMOKE BUILDUP TIME (MIN)

Gun 105 Howi tzer or 155 Howitzer

Mun iti on HC WP

Buildup Time 1.0 0,5

TABLE 14, MUNITION AVERAGE BURN TIME (MIN)

Gun 105 Howitzer 155 HowItzer

Muni t ion  HG WP HG WP

Average Burn Time 3.0 0.0167 4.0 0.0167

TABLE 15. RATE OF FIRE (ROUNDS/MIN) VS STABILITY CATEGORY

Gun 105 Howitzer 155 Howitzer

Muni tion HG WP

Stability Category A B C 0 E F A B C 0 E F

Rate of Fire 6 4 3 2 1 1  0 0 6 4 1 . 51
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ALGORIT HM GLOSSARY OF MNEMONICS AND PROGRAM LISTINGS
FORTRAN

GLOSSARY OF MNEMONICS

CO Ceiling - hundreds of feet
Cl Cloud cover - per cent
‘JO Visibility - miles
TO Temperature - degrees F
Ti Dew Point - degrees F

DO Wind direction - tens of degrees
SO Wind Speed Knots
P0 Atmospheric stability category
MO Mixing depth height - meters
RO Relative humidit y - percent
XO Total distance to be smoked - meters
T2 Time smoke required - minu tes
V Average roughness element - centimeters
Z Roughness lenath - centimeters
P~CTAB (7,9) Tabl e of stability categories (depending upon solar

altitude and wind speed )
1(5,4) Table of trarsmitta nces owing to water vapor , haze/fog,

rain and smoke for 0.55,1.06, 2.3, 3.8, and 10.6 micrometers
C(5,4) Table of smoke concentration values for fog oil , HC , FS , and

WP for 0.55, 1.06, 2.3, 3.8 and 10.6 micrometers
8(5) Error function absorption coefficients
G(5) Scale ‘ìeight for Mie scattering I

H(5) Haze and fog attenuation coefficients
R(5) Rain attenuation coefficients
CS(5,4,3) Table of coefficients used to calculate smoke concentrations

using the calculated transmittance values for 0.55, 1.06,
2.3 , 3.8 , and 10.6 micrometers

Q(5,4) Smoke source strength values for fog oil , HG , FS , and WP
for 0.55, ‘1.06 , 2.3, 3.8, and 10.6 micrometers

A (6) Coefficients to compute oy continuous source
5(6 ,4) Coefficients of the roughness correction factor used in

calculating oz for the various roughness lengths
Y1-Y4 Yield factors for fog oil , HG , FS , an d WP
R(2,2) Total number of rounds required to maintain smoke screen
G(2,2) Number of guns
F(2,2) Number of rounds per gun
H ( 2 ,2) Un it (per gun) source strength
A (2,2) Smoke build -up time
8(2,6) Munition average burn time
0(2,6 Rate cf fire vs stability category for 105 Howitzer
E(2,6 Rate of fire vs stability category for 155 Howitzer
W (2 ,2) Total time for munition replenishment
SITE Met observation station identifier
PSG(6) Stability category indicator
WLNGTH(5) Wavel ength indicator
P Precipitation indicator

Demo indicator

29
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BASIC

GLOSSARY OF MNEMONICS

CO C e i l i ng  - hundreds of feet
Cl Cloud cover - per cent
VO Visibility — mi les -

TO Tempera ture - degrees F
Ti Dew Point - degrees F
DO Wind direction - tens of degrees
SO Wi nd Speed - knots
PU Atmospheric stability category
MO Mixing depth height - meters
RU Relative humidity - percent
XO Total d is tance to be smoked - meters
12 Time smoke required - mi nutes
V Average roughness element - centimeters
Z Roughness length - centimeters
P(7 ,9) Table of stability categories (depending upon solar

alti tude and wi nd speed)
1(5 ,4) Table of transmi ttances owing to water vapor , haze/for,

rair. and smoke for 0. 55 , 1.06, 2.3, 3.8, and 10.6 micrometers
C(5,4) Table of smoke concentration values for fog oil , FtC , FS , and

WP for 0.55 , 1.06 , 2.3 , 3.8 and 10.6 micrometers
3(5) Error funct ion absorption coeff icients
G (5)  Scale height  for Mie scattering

H H(5) Haze and fog attenuation coefficients
R(5) Rain attenuation coefficients
D(4,3) Table of coefficients used to calculate smoke concentrations

using the calculated transmittance values of 0.55, 1.06
2.3, 3.8, and 10.6 micrometers

Q(5,4) Smoke source strength values for fog oil , HC, FS, and WP
for 0.55, 1.06, 2.3, 3.8 and 10.6 micrometers

A(6) Coefficients to compute oy continuous source
S(6,4) Coefficients of the roughness correction factor used in

calculating az for the various roughness lengths
Yl-Y4 Yield factors for fog oil , HC , FS , and WP
R(2,2) Total number of rounds required to maintain smoke screen

- 

- 
I G(2,2) Number of guns

F(2,2) Number for rounds per gun
H(2,2) Unit (per gun) source strength
A(2,2) Smoke build -up time

t B(2,6) Munition average burn time
0(2.6) Rate of fire vs stability category for 105 Howi tzer
E(2.6) Rate of fire vs stability category for 155 Howitzer
W(2,2) Total time for munition rep1e~iishmentI$(3) Met observation station identifier
O$(6) Stability category indicator
A$(21) Wavelen gth indicator
P Percipitatlon Indicator
0 Demo indicato r -
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10 COil ~),CO,Ci ,VO,P,TO,T1 ,D0,SO,Y,PO,RO,T[5,4],C[5,4J,XO,Q[5,4]
20 BEN KWIK: METEOROLOGICAL INPUTS AND METEOROLOGICAL CALCULATIONS.
30 DI~ L~[3],P[7,9],Q~[6]• 40 FIXED 2
50 PRINT
60 PRINT
70 PRINT “K~/IK 3110KB PROGRAM ”
80 PRINT

~ 1 90 PRINT
100 DISP “IS THIS A DEMO — 1 =YES O=NO” ;
110 INPUT B
1 20 ])ISP “MET SITE TI)”;
130 INPU T I~
140 DI SP “LATITUDE OF MET SITE — BEG” ;
1 50 TTT?P T 1~01 60 DISP “LONGITUDE OP Iii~T :3ITE —

170 INPU P Li
180 1)ISP “ALTITUDE OF 1’IET SITi~—K IL0TtE TERS” ;
190 INPU T 7-0
200 DISP “ JlJLIAN DATE OF MET OBSERVATION” ;
210 INPUT JO
220 DISP “ ZULU TflIE OP t•TET OBSERV’tTIOI-1— FIR ” ;
230 INPUT HO
240 PRINT “ rt ~T SITE:”
250 PRINT
260 P’IINP “ ID = “

270 PRINT “ LATITUDE — DEG =

230 PRINT “ LONGITUDE - BEG = “ ;Ll
290 PRINT “ ALTITUDE — fl-I = “ ; ‘30
300 PRIWP
310 PRINT “ JULIAN DATE — DAY = “ ;JO
320 PRINT “ ZULU TIME — HOUR = “ ;HO
330 PRINT

H 340 PRINT
H 350 DISP “CEILING - HUNDREDS OF FEET”;

360 INPUT CO
370 co=(oo*loo)*o.3o48
380 DISP “CLOUD C0VJ’~R - PERCENT”;
390 INPU T Cl
400 DISP “VISIBILITY — MILES” ;
410 INPUT VO
420 V0=V0*1.61
431) DISP “PRECIPITATION — i =YES 0=N0” ;
440 I1TPtIT P
450 DISI’ “TEMPERATURE — BEG F” ;
460 INPUT TO
470 T0= ( 5/9)*(T0_32 )
480 T)ISP “DEW POINT — DEG F” ;
490 INPU T TI
500 T1= (5/9)*(T1_32)
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510 DISP “~JIND DIRECTION — TENS OF DEGS”;
520 INPUT DO
530 DO=D0*iO
540 BISP “JIND SPEED - KNOTS” ;
550 INPUT SO
5.0 DISP “ AVE ROUGHNESS ELEMENT - CM” ;
570 INPUT Y
580 PRINT “ METEOROLOGICAL INPUTS:”
590 PRINT
600 PRINT “ CEILING — I-~~TERS = “;CO
610 PRINT “ CLOUD ‘~OVE ’~ — PERCENT =

620 PRINT “ VISIi~ILITY — KILOMETERS = “ ;VO
630 PRINT “ PRECIPITATION =

640 PRINT “ TEtWERATURE — D~G C650 PRINT “ DEWPOII ’TP — ~)EG C = “;Ti
660 PRINT “ \- IND 1)IHECTIOI’T — DEc~ = “;DO
670 .PRflT~~!’ “ WIND ~I’EFD — KNOTS = “;SO
680 PRINT “ AVE ROUGHNESS EL~~~~ -V~~NT — CM = “ ;Y
69C PRIN T
700 PRINT
710 FOR J= 1 TO 9
720 FOR T=1 ¶0 7
730 REAl) ?[T,J)
‘740 NEXT I
750 NEXT J
760 REI~D “~[l]770 IF CIH100 THEM 320
780 IF CO>2 133 .6042 THEM 820
790 11=0
800 12=0
810 GOTO 1540
820 ~1EM CALCULATE AMGULA~ FRACTI ON OF A YEAR FOR ~ GIVEN Jrn~IAN D-\T ~ (Ao).
830 R9=PI/ 180
940 D9=i80/PT
850 T,0=T10*R9
860 AO= ((Jo_1 )*36o)/365.24.2

• 870 FU’~M CALCULATE :~~~~~LAR DECLINATION ANGLE (14) .
880 A 1=AO*R9
990 A2=279.9348+A0
900 A2=A2+(1.914827*SIN(A1 )).(o.o79525*Cos(Al))
910 A2=&2÷(O.O1q938*SIN(2*Al))_ (O.0O162*COS(2*A1))

20 A2~ A2*R9 —

930 A3=23.4438*R9
40 A4=SIN(A3)*SIN(A2)
9~0 A4=ATN(.~4/SQR (i_ 14*A4.+1B_99))960 REM CALCULATE THE TIME OP MERIDIAN PASSAGE — T-IUE SOLAR NOON (A 5) .
970 A5= 12+(O .12357*SIN ( A 1) )_ ( 0 .004289*COS(A1))
980 A5=A 5+(O .153809*SIN(2*A1 ) )+(0.060783*COS(2*A1))
990 REM C ~LCUI1ATE SOLAR HOUR ANGLE (A6).

- -  
- 1 000 A6= 15* ( HO_~~5)_ L 1 -
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1010 A6=A6*R9
1020 RET-i CALCULATE SOLAR ALTITUDE (A7) .
1030 A7= SIN(LO)*S TN(A4)+COS ( L0)*COS(A4)*COS(A6 )
1040 A7=ATN(A 7/SflR (i_A 7*A7+ 1E_ 99))
1050 REM CALCULATE TITlE OP SUNRISE A.ND SUNSET (Bo ,B1).
1060 tt8=_1.76459*Z0*O.40795
1070 A8=A8*R9
1080 A9=(SIN(A8)_ (SIN(L0)*SIN(A4)))/(COS(LO)*COS(A4))
1090 A9=ATN(S~R(l_A9*&9)/(A9÷jE_99))+2*ATN1E+99*(.~9<O)
1100 A9=A9*D9
1110 A 9 &9*(24/36O)
1120 ~3O= (Li/15)-l~A5_A9
1130 B1= (L1/15)+~ 5+A91140 IF 131 <= 24 THEN 11AO
1150 ~1=~ 1_7~

A
1160 A7=~~*D9
1 1’70 ~EM CAT-OULATE TN~OLATI ON CLASS NUT’BER.
1180 12=0
1190 IF A7 <= 60 THEN 1220
1200 12=4
1210 GOTO 1300
1220 IF ‘7 <= 35 THFN 1250
1230 12=3
1240 GOTO 1300
1250 1? A~ <= 15 THEN 1280
1260 12=2
1270 GOTO 1~ 0fl
1280 IF A’? <= 0 THT~N 1490
1290 12=1
1300 T~i- -~ 0ALOUT I~ TE ~‘f~P RADIATION INDEX FOR DAYTIME .
1310 13=0
1320 IF 0 1>50 TIIIiN 1350
1330 13=12
1340 GOTO 1430
1350 Ii? CO >= 7133.6042 THEN 1380
1360 13= 12—2
1370 GOTO 1430
1380 IF JC~ >= 4 76 .8096 THEN 14 10
1390 13= 12—i
1400 GOTO 1430
1410 IF C1 ,IL I OO THEN 1430
1420 13=12—I

• 1430 IF 13]O YFP~N 1450
1440 13=12
1450 IF 13>1 TH2M 1470
140) 13=1
1470 11=13
1 480 G(V~() 1 540
1490 }~M ~ V’~C1iI~ATE NET RADIATION INDEX FOR NIGHTTfl”IE.
1500 IF 01>40 ¶NEN 1530
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1510 I i=— 2
152 0 GOTO 1 540
1530 11=— I
1540 REM CALCULA TE PASQUILL STABILITY CATEGORY.
1 550 14=0
1560 15=0
1570 IF I1#4 THEN 1590
1580 14=1

- I 1590 IF I1~ 3 THEN 1610
1600 14=2
1610 IF 11-42 TI-TEN 1630
1620 14=3
1630 IF’ I-I ~-1 THRU 1650
1640 14=4
1 650 IF II ~O THEI—T 1670
1660 14=5
1670 IF II ~—1 T112I-T 1690
1690 14=6
1690 IF’ I-1 - -~—2 TI-TEN 1710
1700 14=7
1710 IF SO >= 2 THEN 1730
1720 15=1
1730 IF SO >= 4 THEN 1760
1740 15=2
1750 G-OTO 1950
1760 IF SO >= 6 THEN 1790
1770 15=3
1780 GOTO 1950
1790 IF 30 >= 7 THEN 1820
1800 15=4
1810 GOTO 1950
1820 IF ~JO >= 8 THEN 1850
1830 15=5
1840 GOTO 1950
1850 IF SO >= 10 THEN 1880
1860 15=6
1870 GOTO 1950
1880 IF ~3O >= 1~ THEN 1910
1890 15=7
1900 GOTO 1950
1910 IF SO >= 12 THEN 1940
1920 15— 8
1930 GOTO 1950
1940 15=9
1950 PO=P[I4, 15]
1960 REM CALCULATE M IXING DEPTH HEIGHT.
1970 MO= ( 6_PO)* 121*(T0_T 1 )/6+(po*o, oe7*( 3o+o.5))/( 12*8.2~ 7E_0~ *c .809 )
1980 REM CALCULATE RELATIVE }IUMIDITY.
1990 IF TO>0 THEN 2030
2000 AO =9.5
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2010 30=265.5 —

2020 GOTO 2050
2030 A0=7.5
2040 30=237.3
2050 IF T 1>0 THEN 2090

- • 2060 11=9.5
2070 B1=265.5
2080 GOTO 2110

- J 2090 A1=7 .5
2100 Bl=237 .3
2110 EO=6 .11*10~~((A0*T0)/ (B0+TO )
2120 E1 =6 . 1 i*10 ( ( A 1 *T1 )/ (B 1÷ T 1 )
2130 R0=(E1 /~ O)*1O0
2140 PRINT “ 1-IETEOROLOGICAL CALCULATIONS:”
21 50 PRINT
2160 PRINT “ PASQUILL STABILITY CATEGORY = “;(~~[P0,POj
7170 PRINT “ RELATIVE HUNIDITY = “ ;RO
2180 PRINT
2190 PRIN T
2200 3)13? “3)ONE — LINK 1”
2210 REM 1A~ ~UII4L STAI3ILITY CATEGORY DATA .2220 DATA 1 , 1, 2 , 3, 4 , 6, 6
2230 DATA 1 ,2,2,3,4,6,6
2240 DAT-~. 1 ,2,3,4,4,5, 6
2250 DATA 2,2,3,4,4,5,6
2260 DA TA 2,2,3,4,4, 4, 5
2270 DATA 2,3,3,4,4,4,5

- - 2280 ~)ATA 3,3, 4 ,4 , 4 , 4 ,5
2290 1)ATA 3,3,4,4, 4,4 ,4
2300 BATA 3,4 ,4, 4 , 4 , 4 ,4
2310 DATA “ABODEF”
2320 1~ND
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• 10 CCI I B, 00,01 ,VO,~~,TO,T1 ,D0,S0,Y,P0,R0,T[5,4],C[5,4],X0,Q[5,4)
20 REM K\IIK : ATMOSPHERIC OPTICS AND SNOKE CONCENTRATION CALCULATIONS

— 30 DIM 13~5i,Gi5],H[5],R[5],&~{21],D[4,3]40 PI)0~D 2
50 IF B=1 THEM 80
60 PRINT “ A TMOSPHERIC OPTICS AND SMOKE CONCENTRATION CALCULATIONS:”

• 70 PRINT
8O FOR I=1 T05
90 RE Al) B [I] , G[I]
100 NEXT I
110 Vi =LOG- ( V0 )
120 V2=V1*V1
130 V3=V2*V1
140 H 11=1.5551_ (O.9811*V1 )_ (O.0197*V2)÷(O.0041*V3)
150 H I =1-~X T - ( H { 1 1)
160 H 2 =1 .r5551_ O.9811*V1 )_(0.0197*V2)+(O.0041*V3)
170 Hr2 =1-~:-cP(H12
180 11r 3 =1.4491— 1.0044*V1)_(0.012*V2)+(0.OO32*V3)
190 Nt3 =~xP(II[3200 ~r 14 =1.23q4_~ 1.O436*VI )+(O.OO99*V?)_ (0.OO1 6*V3)
210 T1r4 =RxP ( TI[ 4  )
220 11t5 1=1.5176_ 1.7147*V1 )+(O.00O1*V2 )+(O.O42S~V3)
230 H151=EXr(r![5 )
240 Rn =1.3306— O.8825*V1 )_ (0.0753*V2 )÷(O.O129*V3)
250 Rn =~xi’(n[i )
260 ~[2 =1.4098— O.9865*V1 

)_(~ .O1 4*V2)+(2.3E_o3*V3)
770 13121~~~~ (R[2 )
280 R13]=1 .5497_~ O.8696*V1 )_ (0.1OO4*V2)+(0.O231*V3)

~90 3131 -~Y~ (R[3 1)
300 -~r4 =i .5556_~o.9o13*v1 )_ (o.o773*V2 )+(o.oi73*V3)
31() 3r4 =~-:::-(r14l)
320 ~~5 =1.5028_~O.9396*V1

)_ (O.O627*V2)+(O.0I68*V3)
330 ‘‘r 5~=~X T ’( ~[5] )

• 340 110=0
350 )I 3P “3I -~iTT L-~J~GE TO TARGET — ME TERS” ;
360 INPU T 113
370 ~ISP “ANGLE 0V -SIGHT TO TARGET — 1)EG” ;
380 IITVtJ T 3
390 IF 1)-I THEN 430
400 PRINT “ SLANT RANGE TO TARGET — METERS = “;113
410 ~ RIN T “ ANGLE OP SIGH T TO TARGE T — DEG =
420 PR INT
430 I-T3=I-13/l000
440 IF S >= 0 THEN 460
450 S=~3
460 S=S*(IPI/180)
470 Hi=SIN(S)*H3
480 H2=COS(S)*H3
490 S~SIN(S) -
500 H4=0
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510 IF 3=0 THEN 540
52 0 H4= 1/S
530 REM CALCULATE PRECIPITABLE 1-lATER. —

540 W=0.4477+(O.0328*T1 )÷(i .2E_03*T1*T1 )+(-i .84E_05*T1*T1*P1)
550 IF D=1 THEN 570
560 PRINT “ PHECIPITABLE 1JATER — CM/KM =

570 RET-I CALCULATE AMOUNT OP WATER VAPOR IN PA TH.
580 UHF FNA(A)=IIXP(_S*A/2)
590 L0=H3
600 T,1 T10
610 L2=L0
620 ~,3=O. 5*(L1+L9)630 L4=L2—L1
6stO Ji5=O. 288675 1*L4
650 J0=0. 5*L4*(FNA(L3+L5 )+FWA(L3_L 5))
60 Wi =W* lO
670 IF D=1 THEN 690
680 PRINT “ AMOUNT OF WATE R VAPOR IN PATH - CM = “ ;W l

690 REI~ CALCULATE TRANSMITTANOES FOR 0.55,1.06,2.3,3.8,10.6 MICRON WAVELENGTHS .
700 FOR J=1 TO 5
710 READ ~~
720 IF D=l THEN 760
730 PRINT
740 PRINT A:,l
750 PPIN T
760 REM CALCULATE TRANSMITTANCE CUING TO ABSORPTION BY WATER VAPOR .
770 IF J#5 THEN 900

- 

- 

780 T[J,1]=EXP(_0.0681*W )
V 790 GOTO 900

800 PEP ?NB (B) =EXP (—B~ 2)
910 LO=(I3[J~*SQR(\li *pI)/2)
820 Tjl =H0

— 830 L2=LO
840 L3=O.5*(L1+L2)
850 114=Ti2—L1
860 L5=0. 288675 1*L4
870 P2=0. 5*L4*(PNB(Tj3+T,5 )+PNB(1i3—L5))
880 T[J,1]=(2/SQR(PI))*T2
890 TIJ,1J=i—TIJ ,1J
900 IF D=1 THEN 920
910 PRINT “ TRANSMITTANCE OWING TO ATTENUATION BY: WATER VAPOR= “;T{J, 1]
920 REN CALCULATE TRANSMITTANCE OWING TO ATTENUATION BY HAZE AND FOG.
930 IF P.O ~I~SN 960
940 T[J,2]=1
950 GOTO 1 250
960 IF VO >= G[J] THEN 1170
970 PEP PNC(C)=EXP(+C*S*LOG(O.1/H[J]))
980 LO=H4
990 L1=H0
1000 L2=LO
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1010 L3=0.5*(L1+L2)
1020 L4=L2—L1
1030 L5=O.2886751*L4
1040 T3=O. 5*Tj4*(PNC(L3+L5)+FNC(L3_L5))
1050 T4=EXP(_HCJ]*T3)
1060 DEP FND(D)=Exr(_D*s/4.1)

• 1070 LO=H3—H4
1080 L-I =H4
1090 12=H4+L0
1100 L3=0 .5*(L l÷L2 )
1110 L4=L2—L1
1120 L5=O.2886751*L4
1130 T5=O. 5*J~4*(FND(L3+J,5)+pff~(L3_L5))
-1140 T6=EX?(_O,128*T5)
1150 T[J,2]=T4*T6
1160 GOTO 1250
1170 LO=H3
1180 L1=H0
1190 L2=LO
1200 T, 3=O.5* (L1 +L2 )
1210 L4=L2—LI
1 220 L5=O. 2386751 *L4
1230 T7=O. 5*T,4*(FND(L3~fL5)÷FND(L3_L5))
1240 T~J ,2]=EXP (_ H [ J~ *T7 )
1250 IF D=1 THEN 1270
1260 PRINT “ HA ZE/FOG = “ ;T[J ,2)
1 270 REM CALCU LATE TRANSMITTA NCE OWING TO ATTENUATION BY RAIN.
1280 IF P= I TTTEI’T 1310
1290 T [J , 3]= 1
1300 GOTO 1330

V 1310 IF V0>2O THEN 1290
H 1320 T[J,3]=EXP(_H3*R~J))

1330 IF D=1 THEN 1350
1340 PRINT “ RAIN = “;T[J,3]
1350 REM CALCULATE TRANSMITTANCE OWING- TO ATTEMMTION BY SMOKE.
1360 T[J ,4]=O .02/(T[J , 1]*T[ ,2]*T[J ,3])
1370 IF Tl. J , 4J <= 1 THEN 1390
1380 T[J,4]=1
1390 IP D=1 THEN 1420
1400 PRINT “ SMOKE = “;TCJ ,4]
1410 PRINT
1420 REM CALCULA TE SMOKE CONCENTRATION.
1430 FOR K=1 TO 4
1440 READ DCK ,1),DCK ,2],D[K,3)
1450 NEXT K
1 460 IF T [J , 4)# 1 THEN 1510
1470 FOR I—I TO 4
1480 C[J ,I]=0
1490 NEXT I
1500 GOTO 1570
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1510 T8=LOG(T[J ,4))
1 520 T9=T8*T8

1530 FOR K=1 TO 4
• 1 540 C [J ,K) =D[K , 1 ]+D[K , 2]*T8+D[K , 3]*T9

1550 NEXT K
1560 IF D=1 THEN 1610 -
1570 PRINT “ SMOKE CONCENTRATION: FOG OIL - GM/SQ M = “ ;C J,1
1580 PRINT “ HC — GM/SQ M = “;C J,2
1590 PRINT “ PS — GM/SQ N = “ ;C J,3
1600 PRINT “ WP — GM/SQ N = “ ;C J,4
1610 NEXT J -
1620 IF D=i THEN 1650
1630 PRINT
1 640 PRINT
1650 DISP “DONE — LINK 2”
1660 DATA 0.118,26.7
1670 DATA 0.22,13
1680 DATA 0.14,5.3
1690 DATA 0.55,5.1
1700 -DATA 0,5
1710 DATA “ 0.55 MICROMETERS:”
1720 DATA 0.0O93,-0.3428,—O.0009
1730 DATA 0.0119,—0.2747,—0.0013
1740 DATA 0.0142,—O .III,O.00004
1750 DATA 0.0055, -O.1541 ,-O.0004
1760 DATA “ 1.06 MICROMETERS:”
1770 DATA O.0093,—0.3428,—O.0009
1780 DATA 0.0119,—O.2747,—O.0013
1790 DATA O.0142,—O.111 ,O.00004
1800 DATA O.0055,—O.1541,—O.0004
1810 DATA “ 2.30 MICROMETERS :”
1820 DATA 0.0093 ,—0.3428,—0.0009
1830 DATA O.0119,—O.2747,—O.0013
1840 DATA 0.0142,—0.111 ,O.00004
1850 DATA O.O055,—0.1541 ,—O.0004
1860 DATA “ 3.80 MICROMETERS:”
1870 DATA O.0093,—O.3428,—0.0009
1880 DATA 0.0119,—0.2747,—0.0013
1890 DATA O.0142,—0.111,0.00004
1900 DATA O.0055,-0.1541 ,—0.0004
1910 DATA “ 10.6 MICR~~ETERS :”
1920 DATA 0.0093,—O .3428 ,.-0.0009
1930 DATA 0.0119,—0 .2747 , —O.00 13
1940 DATA O. 0142 , — 0 . 1 1 1 , O.00004
1950 DATA 0.0055,—0.1541,—O.0004
1960 END
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10 CON D,C0,C1,VO,P,T0,T1,D0,SO,Y,PO,R0,T[5,4],C[5,4),XO,Q(5,4]
20 REM EWIK: ATMOSPHERIC DIFFUSION AND SMOKE SOURCE STRENGTH CAlCULATIONS .
30 DIN SC6,4],A[6)

- - 40 DIM A$[21J
50 FIXED 2
60 IF D=1 THEN 90
70 PRINT “ ATMOSPHERIC DIFFUSION AND SMOKE SOURCE STRENGTH CALCULATIONS:”
80 PRINT
90 DISP “TOTAL DISTANCE TO BE SMOKED — N” ;
100 INPUT X0
110 DISP “RELEASE HEIGHT OF SMOKE SOURCE”; - 

-
120 INPUT HO
130 DISP “MEAN HEIGHT OF TARGET — METERS” ;
140 INPUT ZO
150 DISP “DIRECTION OP LINE OP SIGHT—DEG”;
160 INPUT AO
170 I? D= 1 THT~N 220
180 PRIN T “ TOTAL DISTANCE TO BE SMOKED — METERS = “ ;XO
190 PRINT “ RELEASE HEIGHT OP SMOKE SOURCE ( &GL ) — METERS =
200 PRIN T “ I-JEA N HEIGHT OF TARGET — I—ThITERS =
210 PRINT “ DIRECTION OF LINE OF SIGHT TO TARGET — DEG = “ ;AO
220 REM DIFFUSION CALCULATIONS FOR CONTINUOUS SOURCE.
230 FOR 1=1 TO 6
240 REAl) A [I]
250 NEXT I
260 FOR 1=1 TO 6
270 FOR J=1 TO 4

-j 280 READ s[I,31
290 NEXT J
300 NEXT I
310 A1=_l.24÷1.19*LGT(Y)
320 Z=1O~A1
330 B1 =LOG Z

340 B2=LOG Z ~2
350 B3=LOG Z ~3360 B4=LOG- Z ~4370 B5=LOG Z ~5380 B6=0.444685869+O.294O49265*B1_0.237213914*B2
390 137=0. 155349504*B3_0.03201 5723*B4+2. 15168E_03*B5
400 D1=B6-4-B7
410 Dl =EXP(D1 )
420 i36~..1 • 298283909— 1 .006186784*B1+1 . 485094886*B2

-- 430 B7=_O ,774136725*B3+O. 1 56559355*B4_0.010823351*B5

440 D2=B6+B7
- 

- 
450 D2=EXP(D2 )—O.225
460 IF Z>9.999999 THEN 500
470 B6=5.77267E_04+2.31943E..05*B1+3.71041E_05*B2

-• - 480 B7=—8. 40602E_06*B3÷1. 3421E_07*B4+2. 551 31E_08*B5
490 GO TO 560
500 IF Z>40 THEN 540 -
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510 B6=—11 .56134901+2.148242814*B1_O .156210817*82
520 B7=7.03582E_03*B3_1 .47353E_04*B4+1 .18256E_06*B5
530 0-OTO 560
540 B6=1108.366588_103.5495836*B1+2.424499256*B2
550 B7=_O.014584773*B3+4.34517E_05*B4_4. 69556E_08*B5
560 D3-136+B7
570 B6=O. 500775609+1 .C92614788*B1_1 .573065836*B2
580 B7=O. 7 4276579*B3_O. I 4O820904*B4+9. 61621 E_03*B5
590 D4=B6+B7
600 D4=EXP(D4)—1.2
610 IF Z>1O THEN 640
620 BI =LOG(D 1 *XOAD2* 1 / (1 ÷D3*XO*D4))
630 GOTO 650
640 B1=LOG(D1*XO~D2*(1÷1/(D3*X0*D4)))
650 B2=S [PO,1]*X0’~S[P0,2]/(1+S[P0,3J*XO~S[PO,4 ])
660 32=BI*B2
670 si=A ~ Po]*xo o.g
680 IF D=1 THEN 740
690 PRINT
700 PRINT “ CONTINUOUS SOURCE:”
710 PRIN T
720 PR~~TT “ SIGMA Y — METERS =
730 PRIN T “ SIGMA Z — METERS = “ ;S2
740 HEN STIOKE SOURCE STRENGT H CALCULATIONS FOR CONTINU OUS SOURCE.
750 &2=ABS(AO_D0)*(PI/18O)
760 I? SO,~O THEN 780
770 50=1
780 S3=50*0 .515
790 1) O=32 *S3*3c~f l ( P I ) / S O R ( 2 ) *EXP (. . (J . 5* ((Z() . . .H O) / S2) *2)
800 R2=SQR(3.3124/(6.76*SIN(A2)*SIN(A2)+O.49*COS(A2)*COS(A2)))
810 Y2=0. 9337+(0.O369*RO)_ (7E_O4*R0*RO )+(6.1 1E_06*R0*RO*R0)
820 Y3=1 .3775÷(O.09868*R0 )_ (1 .8E_03*R0*R0)+(1 .56E_O5*RO*RO*RO)
830 QO=(~O*R2
840 Q1=c~o/Y2
850 Q2=QO/Y3
860 FOR 1=1 TO 5
870 Q1I,i =0 I,1]*Q0
880 Q[I,2 =0 I,2l*Q1
890 Q[I,3 =0 I,31*Q2
900 READ A~
910 IF D=1 THEN 980
920 PRINT

• 930 PRINT M~
940 PRINT
950 PRINT “ SOURCE STRENGTH: FOG OIL — GMS/SBC = “ ; Q 1,1
960 PRINT “ HC — ~JMS/SEC = “;Q 1,2
970 PRINT “ PS — GMS/SEC = “ ; Q 1,3
980 NEXT I
990 REM DIFFUSION CALCULATIONS FOR QUASI-INSTANTANEOUS SOURCE.
1000 RESTORE 1350 -
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101 0 SI =2/3 *SI
1020 52=2/3*S2
1030 IF D=1 THEN 1090
1040 PRINT
1050 PRINT “ QUASI—INSTANTANEOUS SOURCE:”
1060 PRINT
1070 PRINT “ SIGMA Y — METERS =

• 1080 PRINT “ SIGMA Z — ME TERS =
1090 RET-I SMOKE SOURCE STRENGTH CALCULATIONS FOR QUASI—INSTANTANE OUS SOURCE.
1100 Q0=(S 1*S2*PI)/EXP(_(Z0*Z0_H0*H0)/(2*S2*S2))
1110 Y4=3 .2469+(O.O774*R0 )_ (I .6E_03*R0*R0 )+(1.73E_05*R0*R0*R0 )
1120 o0=(oo/Y4)*Io
1130 FOR 1= 1 TO 5
1140 Q[I,4]=C1I,4J*(~O
1150 READ A~1160 IF D=1 THEN 1210
1170 PRINT
1180 PRINT A$
1190 PRINT
1200 PRINT “ SOURCE STRL ’~1GTH: WP — GNS/SEC = “;Q[I,4]
1210 NEXT I
1 220 IF D=l THEN 1250
1230 PRINT
1240 PRIN T
1250 DISP “DONE — LINK 3”
1260 RE~ DATA USED TO CALCULATE SIGMA Y FOR CONTINUOUS SOURCE.
1270 DATA 0.4, 0.32 ,0.22 ,0.144 ,0.102 ,0.076
1280 ~E1-i DATA USED TO CALCULATE SIGMA Z FOR CONTINUOUS SOURCE.
1290 DATA O.112 ,1.06,5.38E—04,O.815

:~ 1300 DATA O.13 ,0.95,6,52E—04,0.75
1310 DATA O.I12 ,O.92 ,9. 05E—04, 0.718
1 320 DA TA O.098 ,0.889 , 1.35E — O3, 0.688
1330 DATA O.O609 ,O.895,1.96E—03,O.684
1340 DATA 0.0638,0.783,1 .36E—03,0. 672
1350 DATA “ 0.55 MICROMETERS:”
1360 DATA “ 1.06 MICROMETERS:”
1370 DATA “ 2.30 NICR~~~TERS :”
1380 DATA “ 3.80 MICROMETERS:”
1390 DATA “ 10.6 MICROMETERS:”
1400 END
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10 CON D,00,01 ,Y0,P,T0,T1 ,D0,SO,Y,PO,RO,T{5,4],0(5,4), XO ,Qt 5,4]
20 REM KWIK: MUNITION EXPENDITURES.
30 DIM G~ 2 , 2], H [2 , 2 ) , W [2 , 2) , AE 2 , 2], B[2 , 2) , D [2 , 6], E{2 , 6], P [2 , 2] , R [2 , 2)
40 Dfl-1 A.,[21J
5O PIXED 2
70 PRINT “ T-TUNITION EXPENDITURES:”

• 8O PRINT
90 READ H[1,1J H[1,2]2H[2,1).H[2,2]
100 READ A11 ,1 ,A 1,2J,A 2,1 ,A 2,2
110 READ B 1,1 ,B 1,2 1 ,B 2,1 ,B 2,2
120 READ D 1 ,1 ,D 1 ,2, ,D 1 ,3 , ,D 1 ,4 ,D[1,51,D 1,6
130 BEAD D 2,1 ,D 2,2• ,D 2,3 ,D 2 ,4 ,D~2,5],D 2,6140 READ E 1 ,1 ,E 1 ,2 ,E[1,3~,E 1 ,4 ,EL1 ,51 ,E 1 ,6
150 READ D 2,1 ,E 2,2 ,E~2,3j,E 2 ,4 ,E12,51 ,E 2 ,6)
1 60 DISP “TINE SMOKE REQUIRED — MINUTES” ;
170 INPUT T2
180 FOR K=1 TO 5
190 IF ~=1 THEN 210
200 IF D=1 THEN 830
210 IF T[K,4~=1 THTN 760
220 RET-! CALCULATE NUMBER OP GUNS REQUIRED.
230 G11,1 =Q J- , 2 /H i , il

— 240 cr 1 ,2=Q 1 ,4 / H 1 ,2
2W G 2,1 =Q K,2 /H 2,1
260 G 2 ,2 =QtK ,4 IF. 2,2
270 FOR 1=1 TO 2
280 FOR J=1 TO 2
290 Go=INT( G[ I ,J i )
300 G1=G[I,JJ-GO
310 IF GI=O THEN 330
320 GtI,J]=G0+1
330 EEXT J
340 NEXT I
350 RET-I CALCULATE TOTAL T U ~~ FOR REPI~ENIS}~~~NT .
360 FOR 1=1 TO 2
370 FOR J=1 TO 2
380 ‘~-1~I,J]=T2÷A [I,J]—B[I,J]390 NEXT J

- - 400 NEXT I
410 Ri~”I CALCULATE RATE OF FIRE .
420 FOR J=1 TO 2

ft 430 P[1,JJ =W [1 ,J~*D[J,PO3+1
440 FL2 ,JJ= ’d[2,Jj*EIJ,POj+1

F 450 NEXT J
460 REM CALCULATE TOTAL NUMBER OF ROU NDS REQUIRED.
470 FOR 1=1 TO 2
480 FOR J=1 TO 2
490 R[I,J]=G i,J]*P[I,JJ
500 R1=INT(R i,Jj)
510 R2=R[I,J —RI
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520 IF R2=O THEN 540
530 R [I ,JII RI+ 1

• 54O NEXT J
550 NEXT I
560 HEAD A: .~
570 IF 11=1 TFr ~ -r 6~)O
580 PRINT A:,~
590 PRINT
600 PRINT “ VOLUT-~ OF FIRE — HC SI-IOKESCREEN”
610 PRINT “ SCREEN LENGTH — I’~~TERS = “ ;XO
620 PRINT “ SCRFErT DURATION — M P-TUTES =

630 PRINT
640 PRINT “ GUNS ROUNDS/MITT TOTAL ROUNDS”
650 PRINT “ 105 “;G[1 ,iJ; ” “ ;D[l ,PO] ; ” “ ;R [I , I
660 PRINT “ 155 “ ;G-L2 , I J ; ” “ ;ElI ,POJ ; ” “ ;R L 2 , 1
670 PRINT
680 PRINT “ VOLTTh~ OF FIRE — ~1P SMOKESCREEN ”
690 PRINT “ SCREEN LENGTH — HETERS =

700 PRINT “ SCREEN DURATION — MINUTES = “ ; T2
710 PRINT
720 PRINT “ GUNS R OUNDS/T-1IN TOTAL ROUNDS”
730 PRI~-TT “ 105 “ ;G[ l , 2~ ; ” “ ;D12 ,PO] ; ” “ ;R11 , 2
740 PRINT “ 155 “ ;G-[2 , 2 1; ” “ ;Et 2 ,P O J ; ”
750 GOTO 010
760 READ -~~~~

770 II? D= 1 THEN 800
730 PRINT A~
790 PRIN T
800 PRP-T T “ SMOKE NOT REQTJIRED DU~ TO ATNOSPI-L~RIC ~ OTTDITIONS , ”
810 PRINT
820 NEXT r-:
830 PRINT
840 PRINT
850 DISP “DONE”

860 ru~i -~ UNIT(PER GUN) SOURCE STRENGTH S.
870 DATA 18.9, 1737.3 ,48.8,7076.2
880 REM TIME FOR BUILDUP.
890 DATA 1,0.5, 1 ,0.5
900 REM AVERAGE BURN TIME .
910 DATA 3, 0.0167 , 4 ,0.0167
920 REM RATE OF FIRE VS. STABILITY CATE GORY.
930 DATA 6,4 , 3,2,1 ,1
940 DATA 0,0,6 ,4, 1.5 , 1
950 DATA 3,2,1.5,1 ,0.5,0.333
960 DATA 0,0,3,2,0.5,0.333
970 DATA “ 0.55 MICROMETERS:”
980 DATA “ 1.06 MICROMETERS:”
990 DATA “ 230 MICROMETERS:”
1000 DATA “ 3.,80 MICR(~’1ETERS:”
1010 DATA “ 10.6 MICROMETERS:” -

1020 END
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HPL
GLOSSARY OF MNE MONICS

A Ceiling - hundreds of feet
B Cloud cover - per cent

C Visibility - miles
D Temperature - degrees F
E Dew Point - degrees F
F Wind dirction - tens of degrees
G Wind Speed - knots
H Atmospheric stability category
P Mixing depth height - meters
Q Relative humidity - percent
R Total distance to be smoked - meters
T Time smoke required - minutes
V Average roughness element - centimeters
Z Roughness length - centimeters
A(7,9) Tabl e of stability categories (dependi ng upon solar

altitude and wind speed)
B(5,4) Tabl e of transmittances owi ng to water vapor , haze/fog.

rain and smoke for 0.55, 1.06, 2.3, 3.8 , and 10.6 micrometers
C(5,4) Tabl e of smoke concentration values for fog oil , HC , FS and

WP for 0.55, 1 .06, 2.3, 3.8, and 10.6 micrometers
D(5) Error function absorption coefficients
E(5) Scale height for Mie scattering
F(5) Haze and fog attenuation coefficients
G(5) Rain attenuation coefficients

4 H(3 ,4,5) Table of coefficients used to calculate smoke concentrat~ ’ns
using the calculated transmittance values for 0.55, 1.06 , c . 3 ,
3.8, and 10 .6 micrometers

1(5,4) Smoke source strength va l ues for fog oil , HC, FS, and WP
for 0.55 , 1.06 , 2.3 , 3.8 , and 10.6 micrometers

J(6) Coefficients to compute iy - continuous source
K(6,4) Coefficients of the roughness correction factor used in

calculating az for the various roughness lengths
M(4) Yield factors for fog oil, HC, FS, and WP
P(2,2) Total number of rounds required to maintain smoke screen
Q(2 ,2) Num ber of guns
R(2,2) Number of rounds per gun

• S(2,2) Unit (per gun) source strength
1(2,2) Smoke build -up time
U(2,2) Munition average burn time

• V (2,6) Rate of fire vs stability category for 105 Howitzer
W(2,6) Rate of fire vs stability category for 155 Howitzer
X(2,2) Total time for mun iti on replen i shmen t
A$(3) Met observation station identifier
B$(6) Stability category indicator
C$(80) Wavelength indicator
D$(3) Precipitation indicator -

Demo indicator
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1: dim A ( 7 , 9 J , ~3 ( 3 , 4 1 , C [ 5 , 4 j , D [ 5 J , E ( 5 J , F I 5 J , G [ 5 j , k - f ( 3 , 4 , 5 J , I [ 5 , 4J
2: dim J t 6 ~ , K [6 , 4~ ,M [ 4) , P ( 2 , 2~ , Q [2 , 2~ , R ( 2 , 2)
3 :  dim 5 12 , 2! , T [ 2 , 2 1 , U [ 2 , 2 1 , V ( 2 , 6 J , W ( 2 , 6 1 , X [2 , 2 1
4: d im A $ [ 3 J , 3 $ [~~J ,C $ [3 5 1 , D $ [ 3 1 , E $ ( 3 J
5: asg n “ KD A TA 1” , 1
6: f i l e s  I( DATA1
7: sread l ,A [ * J , D E * I , e [*] , H [ * 1 , J 1 * 1 , K [ *J
B: stead 1, S ( * ) , T [*~~, t J I * ) , V t * ) , W 1 * )
) : sread l , B$, C$
10: fmt  2/ ; w r t  701
11: fmt “ K ~4 I K  SMOK E PR3GRAM ” ; w r t  701
12: fmt / ; w r t  701
13: ent “ I S  THIS A DE M O ? YE3 OR N0 ” , E$
14: ent “ ti4ET SITE ID” ,Pk $
15: ent “ LATITUDE OF MET SITE — DEG ” , t 2
16: er i t “ LONGI TUD E OF MET SITE — DEG” , r3
17: ent “ A LTITUDE OF MET SIT E —K I L OM ETERS ” , r4
18 : ent “ J U L I A N  DATE OF MET OBS E RVAT ION ” , r5
19: ent “ ZULU TIME OF MET OBSERVATI O N_ H R N , r6
20: fnt t “ MET S ITE :~~;wr t 701
21: fmt “ “ ;wrt  701
22: fmt “ ID = “ , 2x , c3 ; w r t  701 ,A$
23 :  fmt “ LATITUDE — DES = “ , E 6 . 2 ; w r t  701 , r2
24: f m t  “ L0~ GIT U DE — DEG = “ , f 6 . 2 ; w r t 701 , r3
25: fmt  “ ALTITUDE — KM = “ , 2x , f 4 . 2 ; w r t  701 , r4
26:  fmt “ “ ;w r t  701
27: fmt  “ JULIAN DATE — DAY = “ , f 3 . 0 ; w r t 701. , r 5
28: fmt  “ ZULU TIYtE — HOU R “ , lx , f 2 . 0 ; w r t 701 , r6
29: fmt  / ;wr t 70].
30: ent TMCEILINS — HUNDREDS OF FEEP” ,A
31: A* 100* .304 a+A
32: ent “CLOUD COVER — PER CENT~~,E
33:  ent N V I S I B I L I T Y  — M IL~ S” ,C
34: C*l.61.C
35:  ent “ P R E C I P I T A r I O N  — YES OR NO ” , D$
36:  en t “TEMPERATURE — DEG F” ,D
37: 5/ 9 * ( D_ 3 2 ) .D
38: ent “D E~’J PO INF — DES F” ,E
39: 5 / 9 * ( E_ 3 2 ) .E
40:  ent “ W I N D  DIRE CTI O�~ — TE NS OF DEGS ” , F
41: F*10.F
42:  ent “WIND SPEED — KNOTS” ,S
43: ent “AVE ROUGHNESS ELEMENT — CM” ,Y
44:  fmt  “ METEOROLOGICAL I NPUTS: ” ;wr t  701
45: fmt “ “ ;wr t  701
46:  fmt “ CEILING — METERS = N , f 8 . 2 ; w r t 701 ,A
47: fmt  “ CLOUD COVER — PERCENT “ , f B . 2 ;wrt 701,B
43: fmt VISIBILITY — KILOMETERS = ,f8.2;wtt 701,C
49: fmt “ PRECIPITATION — ,4x ,c3 ;wrt 701,D$
50:  fmt “ TEMPER A TURE — DEG- C — “ , f 9 . 2 ; w r t  701,D
* 20242
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51: fni t “ DEI’JPOINT — DES C — • , fB . 2 ;w r t 701,E
52: fmt tJI ~ D D I RE CT I ON — DE3 — “ ,f8.2;wr t 701,?
53: fmt • ~‘1IN D SPEED — KNOTS — “ , f3 . 2 ; w r t 701,G
54: fmt “ AVE ROUGHNESS EL E MENT — CM — • , f8 .2 ; wr t 701 ,1
55: fm t / ; wr t 701
56: if B#100 ;gto  •K1 000”
57: if A)2 13 3 . 6 0 4 2 ; g t o  “K1000”
58 : 0+r O
59: 0.rl
60: gto “~(1400”
51: NK1000W :

62: fmt “CALCULATE AN GULAR FRACTIO N OP A YEAR FOR A GIV E N J ULIAN DArE ”
6 3 :  ( r 5 _ 1) *3 6 0 / 3 6 5 . 2 4 2 . r 9
64: fmt “CALCULATE S OLAR D E C L .INP~F I O ~4 ~~1GLE”
55 : 2 7 9 . 9 3 4 ~3+ r 9. r 11
ó6: r l l+ 1 .91 4327 *si n ( r 9 ) _ . 0 7 9 5 2 5 * co s( r 9 ) . r l l
67: r l l+ .019938 * s i n ( 2 * r 9 ) _ .00 162 * cos ( 2* r 9) . r l l
68: 2 3 . 4 4 3 3 ~~r 12
69: s i n ( r 12 ) * s in ( r l l) . r 13
70:  a s n ( r 13 ) . r 13
71: fiit NCAL C ULATE TIME OF ME RID IkN PASSAGE — TRU E SOLA R NOO~~
72: 12+ . 12 3 5 7 * s in ( ~r 9 ) _ .00 4289 * c o s (r 9 ) . r 1 4
73:  r1 4+ . 1 5 3 8 0 9 * s i n ( 2 * r 9 ) + .0 6 0 7 8 3 * cos(2 * r 9 ) . r 14
74: fit  “ ‘ALC U L TE SOLA R ~1OU R A~~3LE”
is: 1 5 * ( r 6 _ r 1 4 ) _ r 3 . r 1 5
7ó:  E -~t ‘C’~LCULATE SOLA R ALTITUDE”
17: s i n ( r 2 ) * s i n ( r 13 ) + c o s ( r 2 ) * cos(r 13 ) * cos( r 15) . r 16
78: a s n ( r I . 6 ) . r l S
79:  f-n t “ C ALCULA T E ~ I - 4E OF SUN RISE AND dUN SE T ”

- :  30:  _ 1 . 7 6 4 5 9 * r4 . 4 0 7 9 5 . r 17
81: ( s i n ( r t 7 ) ~~s i n ( r 2 ) * s i n ( r j 3 )  ) / ( c o s ( r 2 ) * c o s ( r 13 ) ) ’r l S
82:  a c s ( r 18 ) . r 1 8
83: r 1 8 * ( 2 4 / 3 6 0 ) . r 1 8
84: r 3 / 1 5 4 r - ~~4 — r 1 3 . r 1 9
85: r3 / 15~~r 1 4 + r 1 c 3 . r 2 0
J 6 :  if r 2 0 > 2 4 ; r 2 0 — 2 4 . r 2 0
87: fm t “CALCULATE I NSO L ATIO N CL ASS NU4L3E R ”
38: 0.r l
89: if r 16 > 6 0 ; 4 . r l ; g t o  “1 ( 1 100 ”
90: if r 1 6 > 3 5 ; 3 - ’ r I ; g t o  “K1100”

- j 91: if L 16) 1 5 ; 2 . r l  ;gto “1 ( 1100 ”
92: if r 16 < 2 0 ; g t o  “1 ( 133 0 ”
93:  1.rl

-~~ 94 NK1100 :
95: fmt CALCU LA TE NET RADI A TIO N I JD E X FOR DAYTIME .”
96: 0. r 2
97: if 3 < 50 ; r l . r 2 ; g t o  0 K 1 2 0 0 N
98:  if M 2 13 3 . 6 0 4 2 ; r 1— 2 . r 2 ~ gto “ 1( 1200 ”
99: if A < 4 8 7 6 . 8 0 9 6 ; r l — 2 . r 3 ; i t o  “ 1( 1200”
100: if 3 z 10 0 ; r 1 — 1 . r 2
*22787
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101: “1 (1200”:
102: if r 2 0;r ]. . r 2
103: if r 2 < 1 ; 1. r 2
104: r 2 . r O ;g to  “1 ( 140 0”
105: 0 K 13 0 0 N :
106: fin t “ CALCUL A- rE NET R A D IA T IO N I N D E X FOR NI G HTTIME .”
107: if 3 < 4 0 ; — 2 . r O ; g t o  “1 ( 1400 ”
108: —1 .rJ

- I 109: “ 1( 1400 ’ :
110: frnt “CALCtJLAl ’E PA3QLJILL ST ABILIT Y cA rEG ORY .”
111: 0 . r 4 ; 0 ’r S
112: if r O=4 ; 1 -’r4
113: if r 0 3 ;2 . r4
114: if r 0 2 ;3 . r4
115: if rO=1;4.r4
116: if r0 0;5”-r4
117: if r O = — 1 ; 6 .r 4
118: if r 3 = — 2 ; 7 . r 4
119: if G<2 ;l .r5
120: if G<4 ;2 .r5
121: if G< 4 ; 2 .r 5 ; g t O  “K 1500”
122: if G < 6 ; 3 - . r 5 ; g t o  “ 1( 1500”
123: if 3<7 ; 4 .r S ; g t o  “1(1500”
124: if G < 8 ; 5 .r 5 ;g t O  “1( 1500”
125: if G< 10 ; 6 + r 5 ; g t o  “1( 1500”
126 : if G<1l ; 1-.r5;gto “1(1500”
127: if G < 12 ;8 . r5 ;g to  “ 1( 1500 ”
128: 9- . r 5
129: “ 1( 1500” :
130: . A ( r 4 , r 5) .d
131: fmt  “CALCULATE M I X I N G  DEPF H f IE I ~~HT. ”
132: ( 6 _ I I ) * 12 1 * ( D _ E ) / 6 +H * .087* ( G+ . 5 ) / ( 12 * 8 . 2 3 7 e_ 5 * 5 . 8 0 9 ) . P
133: Lin t “CALCULATE RELATIVE HUMIDITY.”
134: if D>0;gto “ (1600”
135: 9 .5 - ’r O ;265 .5 .r l
136: gto “1 ( 1700”
137: “ 1( 1600” :
139: 7 . 5 . r O ; 2 3 7 . 3 . r l
139: “ 1( 1700” :
140: if E > 0 ; g t o  “1( 1800”
141: 9 . 5. r 2 ; 2 6 5 . 5 . r 3
142:  gto “1(1900”
143: “1(1800”:
144: 7 . 5 . r 2 ; 2 3 7 . 3 . r 3
145: “1 ( 1900” :
146: 6.11*10~~( r 0 * D / ( r 1+ D ) ) . r 4
147: 6.11*10~~( r 2 * E / ( r 3 + E ) ) . r 5
148: r 5/ r4* 100~~Q
149: frn t “ METEOROLOGICAL CALC ULAT I O~ S: ” ;wr t 701
150: fmt “ “ ;wr t 701
*22910
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151 : fmt “ P ASQU IL L STA~3ILITY CATE~3OR Y — “,5x ,c1
1s2: wt t  701,B $ [ t 1 ,H I
153: fmt  “ RZLATI ~~E HUMID IrY = “ , f 6 .2
134: w r t  701 ,Q
155: if C $ ( 1 , 3 J ”YES ’ ;gto “1(2000 ”
156 : fmt  / ; w r t  701
157: fmt “ A’24OS2HEaIC OPTICS AND 3.IOKE CONCENTRATION CALCULA ?10N3: ”
158 : w t t  701
159: “1(2000” :
160: Lit “ “ ;wr t 701
161: l n ( C ) .r O
162: r 0k r0~~r 1
1u3: rL * r O .r2
164 : 1.5551_ .93 11k c0_ .0197* r l+ .004 1* r2 .F(1 1
165: a x o ( F ( 1 ] ) . F [ L J
1j 6: I. .5551_ .’~3L1* c J_ .3197* r1+ .004 1* r 2 .F 12 1
1 . 6 1 :  e x o ( r ’ ( 2 1) .F ( 2 1
168: 1. 4 4f l_ 1.0 0 4 4 * r O_ .012* r l+ .0032* r 2.F[ 3)
169: e x o ( F ( 3 j ) . ë ’ ( 3 )
170:  1 . 2 3 ) 4 _ 1 . 0 3 3 6 * r O # . 0099* r l_  .0016* r 2 .F ( 4 1
171:  e i cp ( ~~’ [ 4 j ) + r ’ [ 4 J

172: 1. 5 17 6_ 1. 7 1 4 1k  r Of .000 1* r l+ .042 8* r 2 . F [ 5 J
173 : e-cp(F[5 ])- ’t?(Sj
174: 1•3336_ .382t ~~r 0_ .0753* r 1+ .012~ *r 2 .G(1 1
175: exp (~~(1J ) .G t 1J
176: 1.409 8_ .9365* r O_ .014* t1.+2. 3e_3* r24~ [2 J
177: e *p ( ..~~2 f l + G [ 2 J
17-3: 1. 5 4 9 7_ .8 696* r J _ .1084* r l+ .023 1* r 2 . G [3 1
179: e x p ( S [ 3 1 ) - ’ - G [ 3 1
1- JO: 1 . 5556_ .9013* r U _ . 0 7 7 3 * r 1f .01 73* r2 ~~3 t 4 J
181: e x p ( G [ 4 1 ) . G [ 4 1
182: 1. 5 9 2 8_ .9396* r O _ .0627* r l+ .0168* r 2 . G [5 1
183: exp (G[51)+G [5j
134: ent “SLAN T RANG E TO TARG ET — METERS” , r20
135: ant  “ A N G L E  OF SIGH T TO TARGET — DE3 ” ,r6
186: if E $ [ 1 , 3 J ” YES” ;gto id K 2 10O ~
187: f m t  “ SLANT RAN GE TO rARGE-r — ME TERS “ ,f8.2
188: w r t  701 ,r20
189: fm t  “ AN GLE OF SIGHT TO TARGET — DES — “ ,3x , f 5 . 2
190: w ct  70 1, r6
191 : “ 1(2100” :
192: r20/ 1000.r20
193: if r 6 < 0 ; — r 6 . c 6
194: s i n ( r 6 ) . r 6
195: 0+r8
196: if r6 =0 ;g to  “1 (2200”
197: 1/ r 6 . r 8
193: “1 (2200”:
1~~9: fin t “CALCULATE PRECIPITA3LE WA PEL~.”
200: .4477+ . O 328 *E + 1.2e_ 3* E ~ 2+ 1.84e_ 5*E ~ 3.r .11
* 2 8876
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201: if E $ (1 ,3J ”YES” ;gto “1 (2300”
202: Lit • “ ;wr t  701
203: Lit “ PERCIPITABLE WATER — CM/KM — ,4x ,f4.2
204: wrt  701 , r ll
205: “1(2300”:
206: fmt “CALCULATE A 4OUNT OF’ WATER VAPOR IN PATH .”
207: r20’rO ;0.rl ;r0.r2;.5*(rl+r2) .r3
208: c2_rl .r4;.2886751* r4 .r5
209: .5* r4* (’FNA (r3+r5)+ ’FNA ’(r3_r5)) .r9
210: rll* r 9.rlO
211: if E$ [1,3)= ”YES” ;gto “1 (2400”
212: fin t “ AMOUNT OF RATER VAPO R IN PAT H — CM a “ ,4x , f4.2
213: wrt 701 ,r lO
214: “1 (2400 ” :
215: Lit “CALCULATE TRANS M ITTANCE FOR 0 . 5 5 , 1 . 0 6 , 2 . 3 , 3 . 8 ,10.6 MICR O METERS .”
216: 1.M ;17~N
217: for 1=1 to 5
218: if E $ [ 1 ,3 1 ”?E S” ;gto “1(2500 ”
219 : fm t “ “ ;wrt 701
220: fmt 4x ,c17;wr t 701 ,C$( 14,N)
221: “1(2500”:
222: N#17.N ;M+17~~M
22 3: Lit “CALCULATE rRAN SMIT TANCE OW ING TO ABSORPTION BY WA TER VAPOR .”
224 : if I~~5 ;exp (_ .0691* r11)4B [I,1);gto “1 (2600”
225: D [I)*1 (rlo* 1T )/2.rO;0.rl;rO .r2
225: 5* (r1+r2).r3
227: r2—rL .r 4
228: .2836751* r4 .r5
229: 5* r4* (’FNH ’(r3+r5)4 . FN3 ’(r3_r5)) .r12

V 230: 2/4n *r12.B (I ,11
231: 1—B [I ,1J .B [I ,1J
232• “1 (2600”-
233: if E$ (1,3 ) = ”YES ” ;gto “1(2700”
234: fmt “ “ ;wrt 701
235 : fmt “ TRANSMITTANCE OW ING -TO ATTENUATION BY: MA TER VAPO R “ ,f5.2
23 6: wrt 701 ,81 1,1)
237: “1(2700”:
233: Lit “CALCULATE TRAN SMITTANCE OWING TO ATTENUATION BY HAZE AND FOG.
239: if D $[ 1. ,3J=”YES ” ;1.B (I,2J ;gtO ”K2930 ”
240: if C>—E( II ;gto “1 (2800”
241: r8.rO ;0.rl;rO- .r2
242 : 5 * ( r l + c2 ) . t 3
243: r 2—rl .r4
244: .2 8 8 6 7 5P r 4 ’r 5
245: 5* r 4*( ’FNC ’ ( r 3 + r 5 ) + ’FW C ’ (r 3 . . r 5 ) ) . r 1 3
246: e x p ( _ F t I ) * r 13) . r 14
247:  r 2 0 — r B . ’ r O ; r 8 . r l ; r 8 + r O . r 2

— 248 : 5 * ( r 1 + t 2 ) ~~t3
249: r 2—r l- ’r4
250: .2886751* c4.r5

26845
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251.: 5* r 4* ( ’FND ’ (r 3 4 r 5 ) 4 F H 0 ’ (r 3_ r 5 ) ) . r 1 5
252: e x p ( _ .128* r 15) .r 16
253: r14 * r 1 5 .B (I , 2 1 ;gto “-1(2900” —

254: “1 (23 00 ” :
255:  c 20 . r O ; 0 . r l ; r t ) . r 2 ; . 5 * ( r i + r 2 ) . r 3
256: r 2— r l - ’ r 4 ; . 2 8 8 6 7 5 P r4.r !
257: .5* r4* (’F~.1D’(r3$.r5)+ ’FND ’(r3_ r5fl+r17
258: exp(_ F(Ij * rll ).,3(I ,2J
259: “1 (2900”:
263: if E $ ( 1 ,3 1 ”YES ” ;gto “ 1(3000”
261: t nt  “ HAZE /FO G = “ ,f5.2
262: urt 701,3(1 ,21
263: “K3 J 0 0 ”:
264: lint “CALCULATE TRANSMITTANCE OW ING TO P& T FE N UA TIO N BY R A I N . ”
265: if D~~[1 , 2 J = ” NO” ; 1-.B[I , 3 ) ; g t o  “1 (3100 ”
266: if C > 20 ;1-’ 3 ( I ,3) ;gto “1(3100”
267: exp (_r20*G[I)) .B1I ,31
268 “1 (3100”-
269: if E $ (1.,31 ”YCS” ;gto “1(3200”
270: Lit “ R A IN ,f5.2
271: wr t 701 ,3(1 ,31
272:  “1(3200”:
27 3: lin t “CALCULATE TRANSMI -r rANCB OW ING -ro ATTENUATIO N BY SM OK E .”
274: .02/(3(1 ,1J~~3 (I,2)*B (1, 3]) .3(1, 4)
275: if 8 ( I , 4,1>1;1.BII,4)
276: if E$ [1,3 1= ”YES” ;gto “1 (3300”
277:  lin t “ SMOKE = “ ,f5.2
278: wrt 731 ,3(1 ,41
27 9: “1 (3300”:
230: lin t “CALCULATE SMOK E CONCENTRATION .”
231: if B ( I ,4)#1;gto “K 3400”
282 :  for J=1 to 4;0-.C (I,JJ
283: next J;gto “1 (3500”
234: “1 (3400”:
285 : ln(8[I, 4)).r18
286: r 18* rI.8.r].9
287: for K=1 to 4
288: d[1 ,K ,I)*H (2 ,K, I)* r].8+t1(3, K ,I)* r19.C(I,K J
289: next 1(
290- “1 (3500””
291: if E$ [1,3 )z ”YES” ;gto “1 (3600”
292 : tint “ “ ;wrt 70].
293: fmt “ SMOKE CONCENTRATION : FOG OIL — GM/SQ M “,f5.2
294: wrt 701 ,C ( I ,1I

• 29~~: fmt  “ HC — SM/SQ M a “,f5.2
296: wrt 701,C(I,21
297: tin t “ FS — GM /SQ !4 a “,f5.2
298: wrt 701,C [I,3J
299: Lit • WP — SM/SQ t4 “ ,f 5.2
300: wr t  701,C ( I ,4)
*27168
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30 1: “1 (36 0 0” :
302 :  next I
303: if E $ ( 1 , 3 1 = ” YES” ;gto “ 1 ( 4000 ”
304: lint /;wrt 701
305: tin t “ ATMOS PHERIC DIFFUSION SOURCE STRENGTH CALCULAT ION S: ” ;wrt 701
306: f int “ “ ; w r t  701
30 7: “1 (4000”:
308: ant  “ TOTA L D ISTANCE TO BE SMOKED —

309: ent “RE LEASE HEIGHT OF SMOKE SOURCE” ,r O
310: ant “ 4EAN HEIGHT OF TARGET — METERS” ,rl
311: ent “OIRECT ION OF LINE OF SIGHT — DEG” ,r2
312: if E$(1,31 ”YES” ;g to “1 (4050”
313: fint “ TOTAL DISTANCE TO BE SMOKED — METERS = “ ,f8.2
314: wrt 701 ,R
315: Lit “ RELEASE H~ I3HT OF SMOKE SOU RCE (AGL ) — METERS = “ , 2x , f 6 . 2
316: wr t  701,r O
317: lint “ MEAN HEIGHT OF TARGET — METERS = “ ,2x ,f6.2
318: wrt 701 ,r l
319: Lit “ DIREC~ ION OF L I N E  OF SIGH F TO TA RGET — DES = “ ,2x ,f6.2
320: wrt 701 ,r2
321: “1 (4053”:
322: t n t  “ D I F F U S I O N  CALCULATIONS FOR CONTINUOUS SOURCE.”
323: _ 1.24+1.19* 1og(Y) .~r 3
324: 10 r3 -” Z
325: 1n(Z)- .-r8;1n (Z)~~2+r9;1n (Z) 3.r10
326 : 1n(Z)~~4.r11;1n (Z) 5-”r12
327: .444685859+ .294049265* rS_ .237213914* r9.r13
328: .155349504* r l O _ .032015723* r ll+2.15 168e_ 3* r12.r14
329: r13+r14-’r4
330: exp(r4)-.r4
331: _ 1.2982 33909_ 1.006 1367 84* r 8+1.4 85094886 * r9.r 13
332: _ .774136725* r 10+ .15 6559355* rll_ .010823351* r12.r14
333: r13+r14-”rS
334: exp(r5)— .225-”rS
335: if Z>9.99 9999;gto “1 (4100”
336: 5.77267e_ 4+2 .31943e_ 5*~ B# 3.71041e_5* r9.r13
337: —8 .40602e~ 6*r10+1 .3421e_7* r11+2.55131e_ 8*r12.r14
333: gto “1 (4175”
339: “(4100”:
340: if Z> 4 0 ; g t o  “ 1(4150”
341: _ 11.56 1349 01+2 .143242 814* r8 ~~.156210817* r 9.r1 3
342:  7 .035 82e_ 3* r l O _ 1 .4 7 3 5 3 e_ 4 * r ll + 1.182 56e_ 6* r]. 2.r1 4
34 3: gte “1 (4175”
344:  “1 (4 150” :
345: 1 1 08 . 3 6 6 5 8 8_ 10 3 . 5 4 9 5 8 3 6 * r 8 + 2 . 4 2 4 4 9 9 2 5 6 * r9 ., r 13
346: _ .014584773* r10 +4 .34517e_ 5* r11 _ 4.69556e_ 8* r 12 . r1 4
347: “1 (4175 ” :
343 : r13 +r14.r6
349: .5007756 0 9+ 1.0 926 14788* r8 _ 1 .573 0 65936* r9 .r13
350: .724276579* r l O _ .140820904 *r l l+9.6 162 1ei_3* r 12 ,r14
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351: r13+r14 .r7
352: exp(r7)—1. 2 ’~r7
353: if Z>10;gto “1 (4200”
354: 1n (r4*R~r5*1/(1+r6*R~r7 )).r8
355. gto “1 (4225”
356: “1 (4200”:
357: 1n(r4*R ~r5*(1+1/(r6*R~r7 ))).r8
358: “1 (4225”:
359: K (d,11*R~K (H,2~/(1+K(I4,31*R~K (H,4fl.r9
360: r8* r9.rlO
361: J[ F1J* R~ .9+r11
362: if E$ (1,3]= ” YES” ;g to “1 (4250”
363: fmt “ “ ; w r t  701
364: fint “ CONTINUOUS SOURCE :” ;w r t  701
365: lint “ “ ;wr t  701
366: fmt “ SIG4A Y — METERS = “ ,f8 .2;wrt 731 ,r ll
367: lint “ SIGMA Z — ‘IE-rERS = “ ,fB.2;wr t 701,r ].0
3~~8: “1(4250”:
359: lint “S~1O1(E SOURCE STRENGTH CALCULATIONS FOR CONTINUOUS SOU RCE.”
370: abs(r2—F) -’-r12
371: if G 0;1.G
372: G*.515.~r13
373: 1-’M;17.N
374: r1O* r13*jir/,[2*exp (_.5*( (r1_r0)/r10)~~2).r14
37s: ~((3.3124 /(6.76*sin(r12 )* sin(r12 )+.49*o~s(r12 )*cos (r12))).r15
376: .9337+ .0369*Q_7e_4*Q*Q+6.i.le_ 6*Q*Q* Q .M (2J
377: 1.3775+ .09868*Q_1 .8e_3*Q*Q+]..5 6e_5*Q*Q*Q .M [3]
378: r14* r15,r14

-
~~~ 379: r14/M (2J .r16

330: r14/M [31 ’-r17
381: for K=1 to 5
332: C ( K ,1]* r14.I(1(,1J
383: C(1 ( , 2 1* r 16 .I(K , 2 1
384: C (K,3)* r17.I[K ,31
385: if E$ (1,3 J = ”YES” ;g to “1 (4300”
386 : Lit “ “ ;wrt 701
387: fint 4x ,c17 ;wr t 701 ,C $ (r4 ,NJ
388: “1 (4300”:
389: N+17.N ;~4+17i’~4
390: if ES (1 ,3) =“YES” ;gto “ (4400”
391: fmt “ “ ;w r t  701
392:  fmt “ SOURCE STRENGTH: FOG OIL — GMS/ SEC a “,f8.2
393: w r t  701,I [ K ,1J
394 : lin t “ BC — GMS/ SEC = “,f8.2
395: wrt 701,I ( K ,2J
396: fmt “ FS — GMS/SEC = “,f8.2
397: wr t 701,I ( K ,3J
398: “1 (4400”:
399: next K
400:  fmt “ DIFFUS I ON CALCULATIO NS FOR QUASI—INSTANTAN EOUS SOURCE. ”
*14590
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t
401: 2/3 * r 11.~r 11
402: 2/3*rlO+rl Q
403: if E$ (1,3)= ”YES” ;gto “1 (4500”
404: lint “ “ ;w r t  701.
4 05: fm t “ QUASI—INSTANTANEOU S SOURCE : ” ;wr t  701
406: fmt “ “ ; w r t  701
407: Lit “ SIGMA Y — ME TERS = “ ,f8 .2 ;wr t 701 ,rl l
408: lint “ SIGMA Z — METERS = “ ,f 8.2;wr t 701,r lO
409: “1(4500” :
410: Lit “SMO1(E SOURCE STRENG-rE CALCULATIONS FOR QUASI—INSTANTANEOUS SOU RCE.”
411: 1.M;17.N
412: r11*r lO* x/exp(_ (rl* rl_ rO* rO)/(2*rlO* rlO)).r14
413: 3. 2469+ .0774 *Q_1 . 6e_3*C* Q+1 .73e_5*Q*Q*Q .M(4J
414: r14/M[ 41*10+r14
415: for J=1 to 5
416: C [J ,41* r14.I(J ,4]
417: if E$ (1 ,31 ”YES” ;gtO “1 (4600”
4 3 8 :  tint “ “ ;wr t 701
419: lint 4x ,c 17 ; w r t  701 ,C $ ( M ,N J
420:  “1(4600”:
421: N+17.N ;~-4+17.M
422: if E$[1 ,3 J = ”YES ” ;g to “K47 0 0”
42 3: Lit “ 0 ;wrt  701
424:  fint “ SOURCE ST RENGTH: WP — GMS/SEC = “,f8.2
425: wrt 701 , I ( J , 4 )
426:  “ 1( 4 7 0 0 ” :
427:  next J
428: tint / ; wr t  701
429: lint “ MUNITION EXPENDITURES: ” ;w r t  701
430: lint “ “ ;wrt 701
431: ent “ F I l E  SMOKE REQUIRED — M INUTE S ” ,T
432 :  1-’I; 17.J
433: for K=1 to 5
434: if K=1 ;gto “1 (5000”
435: if E$ (1 ,3J ”YES” ;g to “1 (5400”
43 6 : “ 1(5000”:
437: if B ( K ,4 1 1;gto “(5200”
438: tin t “CALCULATE NUM3ER OF GUNS REQUIRED”
439: I [K ,21 /S(1,1)-.-Q(1,1]
440: I ( K ,4J/S (1,2j.Q(1,21
44 ]: I ( K , 2 1 / S ( 2 ,1J . Q (2 , ].J
442: I ( K ,4 ) / S f 2 , 2 J ’ Q ( 2 , 2)
443:  for L 1  to 2
444: for N 1  to 2
445: in t(Q (L, N f l .rO
446 : Q[t. ,N J — r O.r 1
447: if rl #0;rO+1.Q (L,N J
448 : next N -

‘

449:  next I. -

450 :  Lit “CALCULAT E TOTAL TIME FOR REPLENISHMENT. ”
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45 1 : for La]. to 2
4 s2 :  for N= 1 to 2
453: T + T ( L , N J — U ( L , N) - ’X [L ,N l
454:  next N
455: next L
456: fmt “CALCULATE RATE OF FIRE .”
457: for N=1 to 2
453: X ( 1 ,N J *V (N ,HJ+1.R (1,N1
45 9: X [ 2 ,N)*~J ( N ,EI1+1.R (2 ,N1
460: next N
461: lint “CALCULATE TOTAL NUMBER OF ROUNDS REQUIRED. ”
462: for L= ]. to 2
463: for N=1 to 2
464:  Q [L, N 1 *R (L ,N).P(L,N]
465: in t ( P [L ,N ) ) . r 2
466: P [ L , N ) — r 2 . r 3
467:  if r 3 # 0 ; r 2 + 1 - . - P [ L , N J
468: next N
469: next L
470: if E$t 1 ,3) ”YES ” ;gto “1 (5103”
471: frnt 4x ,c17;wr t 701,C$ [I,JJ
472: fmt “ “ ;wrt 701
473: “1 (5100”:
474: I+17~ I-;J+17-’J
475: lint “ VOLUME OF FIRE — BC SM OKESCREEN”
476: wrt 701
477: lint “ SCREEN LENGTH — METERS = “ ,f3.2;wrt 701,R
478: Lit “ SCREEN DURATION — MINUTES = “,fB .2;wr t 701 ,T
479: frnt “ “ ;wr t  701
480: tint “ GUNS ROUNDS/MIN TOTAL ROUNDS”
481: wrt 701
482: fmt “ 105 “ ,f2.0,12x ,f4.0 ,12x, f5.0
483: wrt 701 ,Q[1,1],V( 1, H I ,P(1 ,1I
484: frnt “ 155 “ ,f2.0,12x ,f4.0,12x ,f5.0
435: wrt 701 ,Q ( 2 ,1I , ’J(1,H1 ,P [ 2 ,1I
486: tin t /;wrt 701
437: fint “ VOLU~4E OF FIRE — ;qp SM OK ESCREEE N”
488: wrt 701
489: lint “ SCREEN LENGT H — METERS “,f8.2;wt t 701 ,R
490: Lit “ SCREEN DURATION — MINUTES = “,f8 ,2;wr t 701 ,T
49].: Lit “ “ ;wr t 701
492: t int  “ GUNS ROUNDS/MIN TOTAL ROUNDS”
493: wrt 701

— i 494: lint “ 105 “ ,f2.0 ,12x ,f4.O ,12x ,f5.0
495: wrt 701 ,Q[ 1, 23 ,V ( 2 ,H),P (1,2)
496: frn t “ 155 “,t2.0,12x ,f4.0 ,12x ,f5.0
497: wrt 70].,Q[2 ,21 ,W 12 ,H),P [2 ,21
498: gto “1 (5300”
499: “(5200” :
500: I+16.I;J+].6.J
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501: tint “ SMOKE NOT RE QUIRED DUE TO ATMOS PHERIC CONDITIONS.”
502: “K5300” :frn t /;wrt 701
503: nex t K
504 : “1 (5400 ” :
505: tint / ; w r t  701
506: dsp “DONE”
507: end
508: “FNA” :ret exo(~ r6*p1/2)
509: “FNB” :ret axp(— p1 2)
510: “FNC” :ret exp (pl*r6*ln (.1./F[Ifl)
511: “FND” :ret exp(_pl*r6/4.1)
*2 5712
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SAMPLE CALCULATION

K W I K  SMOKE P ROG RAM

MET sIrE:

[i) = iYli1
F LA T ITUD E — DEC = 32.25

LONGITUDE — DEG = 107.72
ALTITUDE — KM = 1.32

JU L I A N  DAT E — DAY = 322
• ZULU TI’1E - ~-I O LJ :~ = 23

- 1ETE U~ 3LO~~ICAL I~~PUTS:

~~ILING 
— METERS = )14.43

CLOUD COVER — PERCENr = 4 0 . 00
VISI3ILITY — KILO 1ETE~S = 8.35
PRECIPITATION = NO
TEMPERATU RE — DE G C = 10.00
DE~ PO IN T — DEG C = 8 . 3 3
MINt) DIRECTION — DC~ = 180.00
WIND SPEED — KNOTS = 15.00
AVE ROUGHNES3 ELEMENT — CM = 2 3 . 0 0

METEOROLOGICAL CAL IJLATIO.’JS:

PA SQU ILL S T A B I L I T Y  CA TEGORY = 0
RELATIVE Hu.MIDI-rY = 89.37

MUNITION cxpE~DI-ruREs :

VOL.U -IE OF FIRE — BC SMOKESCR E E N
SCREEN LENGTH — IETERS = 200.00 -
3CREE~ DURATIO.J - MIN1J ~ ES = 10.00

GUNS ROUNDS/-lIt1 TOTAL ROUNDS
105 1. 2 17
155 1 1 8

~OLU - -iE OF FIRE — WP Sr 43K E SCR EEEN
-- -~ JCREE N LEN GTH — METERS = 2 0 3 . 0 0

~~REEN DURATION — --1INUTES 10.00

GUN S RO UN DS/  tIN -rUrA L ROUNDS
105 1 4 43
155 1 2 22
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