
Wind Speed Temp
Terrain

Spacing (Meters) Meters to
Kmph Knots Gradient Haze Blanket Target

All Open or Water 50 25 250

1-14 1-7 Stable 60 30 300
Wooded

Unstable or Neutral 70 35 350

15-25 All
Open or Water 40 20 200

8-13
Wooded 50 25 250

26-32 All
Open or Water 30 15 150

14-17
Wooded 40 20 200

Number of Smoke Pots Needed To Produce Smoke for a Mission
Spacing 15m 20m 25m 30m

~.LineLength 1,OOOm 1,OOOm 1,OoOm 1,OOom

smoke~~
100m SOOm 100m SOOm 100m SOOm 100m 500m

15 min 12 51 102 9 13 77 8 32 62 6 27 51

30 min 24 102 204 18 78 153 15 63 123 12 48 102

1 hr 48 204 612 36 156 306 30 126 246 24 108 204

3 hr 144 612 1,224 108 468 918 90 378 738 72 324 612

Appendix E

Smoke Support Sustainment Planning Tables

The tables in this appendix pro-
vide smoke pot spacmg guidance
and ammumtion and fuel consump-
tion data. Use the tables to deter-
mine ammunition or fuel

s~st~inment requirements for smoke
mISSIons.

Base your ammunition consump-
tion planning on target size and
smOKe duratIOn. Base fuel consump-

tion planning on smoke unit struc-
ture, smoke duration, and fuel
delivery packaging.

Smoke Pot Consumption
Table 24 is the spacing guide for (decimals) to the next larger whole know the length of the target area

smoke pots. When using Table 23 number. in meters ana the spacing Detween
to determine actual spacing require- Table 25, below and on the facing pots in meters, plus how long the
ments, round up all answers page, is the smo~e pot consumption target must be smoked.

guIde. To use thIS table, you must

Table 24. Smoke pot spacing guide.

Table 25. Smoke pot consumption guide. (Part 1 of 2)

Continued J
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.".---- -......---- - ~--- -j --- -.,.-- - ,-- - --~--- -
~...

- - -

{24 Generators} [22J [44] [88] [131] [524) [1,048]

iViechanized 700 1,400 2,000 4,200 16,800 33,600
(7 M1059 Systems) [13] [26] [51] [77] [306] [611J

Heavy Division Smoke Pit 600 1,200 2,400 4,800 7,200 28,800
(6 M1059 Systems) {11] [22] [44] [88] [131] [524]

...-"-. .......-....- -- . .. -.- --. ~i--- -J ---
(24 Smoke Generators) [15] [29] [44] [173] [346) I692J

Mechanized Smoke 42 B4 16B 252 1,00B 2,016
(14 Smoke Generators) [9] [17] [34] [51] [202] [404]

Dual Purpose 36 72 144 216 864 1,728
(12 Smoke Generators) [8] [15] [29J [44] [173] [346J

Heavy Division Smoke 36 72 144 216 864 1,728nil.

Number of Smoke Pots Needed To Produce Smoke for a Mission
Spacing 40m 50m 80m 70m

~;:: 1,OOOm 1,OOOm 1,aOOrn 1,OOOminn.... c:nn... inn.... r:.nn..... .. nn... r:nn... -In.n..... I:At\.....VVIII "'V,"".I, 1""'1.1 ~VV'II IVUIII ,-,VVIII IVV"I ilVVI..

Smoke Time

15 min 6 21 39 5 17 32 5 14 27 3 12 23

30 min 12 42 78 9 33 63 9 27 48 6 24 45

1 hr 24 84 156 18 66 126 18 54 108 12 48 90

- 8- - . . - '" -"-- ~~- ~-". ....
'

a a.. ---

Enter the table from the left-
smoke time. Locate the spacing be-
tween pots at the top of the taDIe.

Under the spacing find your target
length. The cell wnere iliis column

and the smoke time row intersect
contains the number of pots needed.

Use Tables 26 and 27 to deter-
mine fog oil and MOGAS consump-

tion for smoke generators. These
tables are based on normal con-

Fuel Consumption Tables
sumptions of a smoke generator single M3A4 or M157 smoke gener-
platoon running all generatorssimul- ator, multiply the planning figure by
taneously. When a crew operatesa 0.5.

Table 26. Fog oil consumption in gallons and [drums].

:I:::::~~:: 1112:~ ~~ :a: I :2~~I :: ~~ 15~:0 I

Dual Purpose
(12 Generators)

I

600
1

1,200
1

2,400
1

4,800
1

7,200
1

28,800
I

[11) [22] [44] [88J [131] [524]

Numbers in brackets = Drums One drum = 55 gallons

Table 27. MOGAS consumption in gallons and.

Platoon Type
11

hr
I

2 hr
I

4 hr

I

6 hr

1

24 hr 148 hr

IMntnr ~mnlcilll 7? 144 ?1R RR4 1 7?R 3456

I

(12 Smok:Generators)
I

[8]
I

[15J 1129] II44J
I

(Ha]
I

[346J
I

Numbers in brackets = Cans
1 Can = 4.5 gallons in a 5-gallon can

Table 25 continued. (Part 2 of 2)

;,nr ('L I 'Lb'L
I

4btS I :>4 I l~ti I ara I :'4 I 162 I 324 I 36 I 144 I 27U I
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Fire for Effect - Rounds Per Tube

Wind Speed
Rate of Fire

Duration Requested by Forward Observer (in Minutes)
in Knots f-- ,..--- --

4 5 6 7 8 9 10 11 12 13 14 15

5 1 rd/min 2 2 3 3 4 4 5 5 6 6 7 7

10 1 rd/30 sec 2 3 4 5 6 7 8 9 10 11 12 13

15 1 rd/20 sec 3 4 6 7 9 10 12 13 15 16 18 19

..If IIIU ~.,,.;;II::U

Rate of Fire
...,....,a,,'v'l ("""1,,",",'"1'.":;::':1'11:;1.1

"',
, VI ncal U ~..,.,..., YC'I \111 .Vllllun::aJ

in Knots 2 3 4 5 6 7 8 9 10 11 12 13 14 15

14515 1 rd/min 3 4 5 6 7 8 9 10 11 12 13 14 15 16
o4In ot ...""'Inn --- .A 6 a 10 i2 14 16 18 20 22 24 26 28 30IV I ru/.Ju ::stn; 't

15 1 rd/20 sec 6 9 12 15 18 21 24 27 30 33 36 39 42 45

Weapon Duration Total
(Target Size) of Mission Rounds

5 min 16
155-mm HC

(2,800 m x 50 m) 10 min 40

15 mln 56

2 min 24
155-mm WP

(1,200 m x 50 m) 5 min 48

15 min 128

2 min 18
105-mm WP

(450 m x 35 m) 5 min 36

15 min 96

Weapon Duration Total
(Target Size) of Mission Rounds

2 min 12
107-mm WP

(600 m x 40 m) 5 min 27

15 min 72

2 min 12
51-mm WP

(300 m x 35 m) 5 min 27

15 ;min 72

2 min 12
60-mm WP

(225 m x 35 m) 5 min 27

15 min 72

Ammunition Consumption
Use Tables 28 through 31, below, Start with the wind speed, rate of

to determine consumption rates for fire, (or weapon and target size)
artillery, and mortar munitions. and duration of smoke requested,

Tables
and use the table to discover the
n~m?er of rounds required for the
mISSIon.

Table 28. Quick smoke consumption data-155-mm smoke shell.

\AI; ~--_...

Table 29. Quick smoke consumption data -155-mm WP shell.

Fire for Effect-Rounds Per Tube
r n...eti""... Dft ft~tftl"l h... 1: "",.".. nhft "",.

/; al="""''''A\

Table 30. Smoke ammunition consumption

- artillery battery.

Table 31. Smoke ammunition consumption
- mortar platoon.

All figures assume 9 kmph crosswind. All figures assume 9 kmph crosswind.
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Appendix F

Weather and Terrain

Environmental factors and terrain
affect smoke cloud behavior. Steer-

ing winds, temperatu!e graqients
and the type of terram are lmpor-

Weather
Wind direction determines where

smoke must be released and where
it will traveL Basically, there are
four different types ofwind direc-
tions that affect smoke operations:
head winds, tail winds, flanking
winds, and quartering winds.
Favorable wmd directions in rela-
tion to the smoke o~jective are the
tail, quartering, and flanking winds
(see Figure 17).

Head winds are those blowing
from the smoke objective direc1ly
toward the smoke source and are
unfavorable for smoke generator
operations.
Tail winds, the most favorable for

smoke operations, blow toward the
smoke objective from behind the
smoke source.

Flanking winds blow
directly across the
smoke objective and
the smoke source and
are generally favorable
for smoke operations.

Quartering winds
blow between the
other winds toward
the smoke objective.

It is important to
make the distinction
between those surface
wind directions just
discussed and steering
winds. Steering winds
occur between 6
meters and 200 meters
above the earth's sur-

Meteorological conditions that
have the most effect on smoke
screening and munitions expendi-
tures (including the deplo~ent of
smoke generators) include wind,
temperature gradients, humidity,
precipitation, and cloud cover.

Wind

The weather condition with the
greatest impact on smoke opera-
lions is wind. Both wind direction
and wind speed playa sig1)ificant
role in almost everything that deals
with sm~ke operat~ons. Thes~ fac-
tors are lIDportant m estlIDatmg
equipment, munitions, and fog oil
r,equirements for a smoke opera-
hon.

- """'",-.. , ~,.--

I FLANK ~ flANK I

) ~~~ \
~

v

~
-

~ ~.
~

,..~ ~ ~ ~.t:
0.'::' ... ~ "t-G'

Figure 17. Classification of wind directions.

FM 3-50

tant for accurately predicting smoke
cloud traveL

face. They are the winds that actual-
ly carry the smoke and determine
the direction of smoke traveL

Wind speed has as much influence
on smoke behavior as wind direc-
tion has. Low wind speed or calm
conditions allow smoke to remain in
the target area for a longer period
of time. In addition, some types of
smoke behave differently at'dif-
ferent wind speeds. For example,
WP tends to pillar if winds are less
than 9knots (17 kilometers per
hour). HC smoke rises when the
wind speed is less than 4 knots (7
kilometers per hour), and it is torn
apart bywind speeds over 13 knots
(24 kilometers per hour). Smoke
trom mechanical smoke generators
may be effective in higher wind
speeds because of the great volume
produced.

Temperature Gradients

Temperature, by itself, has no
direct relationship with making ef-
fective smoke. It does, however,
have an indirect relationship, which
is a result of temperature gradients.
Temperature gradients are deter-
mined by comparing the air
temperature at .5 meter above the
ground with the air temperature at
21:meters. Three types of tempera-
ture gradients influence smoKe: un-
stable (lapse), neutral, and stable
(inversion) (Figure 18, next page).
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Time of Day and Temperature Smoke Behavior
Weather Condition. Gradient (Wind Direction...)

Night-until 1 hr after sun-
Stablerise. Wind speed is less than

(Inversion)
~9kmph (5 knots). Cloud

(Ideal)
cOver less lhan 30%.

-I ~I
Day- most often between 1
to 2 hr beforeand after sun-

Neutra!rise. Windspeed is 9 kmph (Favorable) 4-<](5 knots) or more. Cloud
cover is 305 or more. 6£1- 1 J-
Day-beginning 2 hr after

Unstable

l?sunrise. Sind speed is less
(Lapse)

than 9 kmph (5 knots).
{a.A~r....i....an

-~ .-- -.-

30 159 391

40 173 411

50 189 434

-- ........

Unstable. An unstable (lapse) con-
dition exists when air temperature
decreases with an increase in al-
titude. This condition is charac-
terized by vertical air currents and
turbulence. Thus, smoke tends to
break up and become diffused.
Lapse conditions are best for
producing smoke curtains.

Neutral. A neutral condition exists
when air temperature shows very lit-
tle or no change with an increase in
altitude. Neutral conditions also
exist when the wind speed is
greater than 9 kilometers per hour.
Under this condition, vertical air
currents are very limited. Neutral
conditions are best for smoke hazes
and smoke blankets; however, this
is not the most favorable tempera-
ture gradient for smoke.

Sta6le. A stable (inversion) condi-
tion exists when the air temperature
increases with an increase in al-
titude, This condition greatly limits
vertical air currents. A smoke cloud
produced during inversion condi-
tions lies low to the ground and

may reduce visibilitY.at ground
level. Inversion conditions are excel-
lent for smoke hazes and smoke
blankets but only if there is enough
wind to carry the smoke over the
target area.

Humidity

Practically all smoke particles ab-
sorb moisture from the air. Mois-
ture increases particle size and
density and makes the smoke more
effective. Most smoke munitions
produce a denser (thicker) smoke
when the humidity is high than
when it is low; therefore, high
humidity is generally favorable for
smoke employment (Table 32).

Pred pitation

Since light rains
decrease visibility,
less smoke gives
concealment

~~~~: ~r
I

~~:::;~
%

snow reduce visibility; therefore,
smoke is rarely needed for conceal-
ment during those conditions. When
used during periods of precipita-
tion, smoke tends to remain close
to the ground and spread out over
a large area.

Cloud Cover

The amount of clouds in the sky
gives an indication of how smoke
will act on the battlefield. The
general rule is when the sky is
covered with clouds, the atmos-
phere is relatively stable, and the
conditions are generally favorable
for making smOke.

Table 33, on the next page,
provides a summary oHavorable
and unfavorable conditions for
smoke production.

Table 32. HC and WP smoke yields in various humidities.

0

10

I ~"--~.~_u-
1::1 Ie", 11

Y'''I
IIUI3

(Percentage)

100

146

I :_m I

Cn~C1IY~ne33

(Percentage)

100

353

20 ~7?

II

I
90 785

ou

152

"::11 4b::l

70

80ICloud cover is less than 30%. I \'.'~'I::I'''~'' I-~
240

325

510

588

572
Figure 18. Temperature gradient effects on smoke.

Since smoke is carried by the
wind, it usually follows the contours
of the earth's surface. Therefore,
the tYPe of terrain over which the
smoKe travels has a tremendous im-
pact on how effective the smoke

90

Terrain Effects
coverage will be in a specified area.
Smoke will act differently over the
different types of terrain.

Flat, Unbroken Terrain
and Over Water

On flat, unbroken terrain, and
over water, the individual smoke
streamers take longer to spread out
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Category
Smoke Curtain)

Moderate HighLowHumidity

II Light Rain Mist/FogNonePrecipitation

Scattered Overcast, Low CeilingCloud Cover None

Complex TopographyEven Gent!y RollingTeiiain

Heavily WoodedSpaise Oi None
I

Medium Dense
or Jungle

Vegetation (Oesert)

1 Hour Before EENTLate Morning thru
Midmorning

to 4 Hours After BMNT
Time of Day

Late Afternoon
I

Table 33. Evaluating conditions for smoke employment.
I

'

Modei&telyUnfavorable Favorable

More Than 10 knots Less Than 10 Knots

Unsiabie
(Lapse)

(Favorable for

and mix with other streamers.
Therefore, the uniform phase will
usually develop a greater distance
downwind.

Obstructions

Obstructions, such as trees and
small buildings, tend to break up
smoke streamers. These streamers
re-form, cover a much larger area,
and eventually crea.te a !TIore
uniform screen. ThlS unlform screen
develops much quicker and closer
to the smoke source than if the ter-
rain were open. A wooded area,
which contains an abundance of
obstructions, is the most favorable
type ~f terrain for smoke generator
operations.

Factor

Wind

Atmospheric
Stability

Large Hill Masses

and Mountains

Steep hills and mountains tend to
split winds. The winds eddy around
tli.ehills and mountains as well as
over them. Large hill masses and
rugged terrain cause strong cross
currents. These currents dlsperse
smoke excessively and create holes
and unevenness m the smoke
screen. In addition, thermally in-
duced slope winds occur throug~out
the day and night. These condihons
make lt extremely difficult to estab-
lish and maintain a smoke screen.
Wind currents, eddies, and tur-
bulence in mountainous terrain
must be continuously studied and
observed.

Neutrai

Slopes and Valleys

In areas where there are valleys
and other typesof slopes,the.
climatic conditions are usually dif-
ferent at different times of the day.
These areas are characterized by
thermally induced slope winds that
occur throughout the oay an~ night.
During the aaytime, the heatmg ef-
fect causes these winds to blow up
the slope, and they are ~eferred to
as up-slope winds. At mght, the
coolmg effect causes the winds to
blow down the slopes, and they are
called down-slope winds. This is a
very general rure; however, it is one
Whldi needs to be kept in m~d
when planning smoke operations.

Favorable

5 to 10 Knots

Stable
(Inversion)

(Unfavorable for
Smoke Curtain)

BMNT- beginning morning nautical twiiight
EENT- ending evening nautical t'Nilight
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Appendix G

Obscurants and How They Work

Obscurants are particles
suspended in the air that block or
attenuate a porti~n (or portions) of
the electromagnehc spectrum. The
six types of oDscurants are natural

Obscuration occurs when there is
a decreased level of energy avail-
able for the function of seekers,
trackers, vision enhancement
devices, or the human eye. Bat-
tlefield visibility: can be practically
defined as the distance at which a
potential target can be seen and
identified against any background.
Reduction of visibility on a bat-
tlefield by any cause reduces the
amount of smoke needed to
obscure a target or objective.

Obscuration generally is not as-
sociated with combat rower be-
cause it is not a letha tool on the
battlefield. However, the deliberate
use of smoke and the inadvertent or
planned use of dust and/or adverse
weather conditions on the bat-
tlefield have always been of value to
units in the field.

In general, smokes are composed
of many small particles suspended
in the air. These particles scatter
and absorb (attenuate) different
spectra of electromagnetic radia-
hon. This absorption reduces trans-
mittance of that radiation through
the smoke. When the density (con-
centration) of smoke material be-
tween the observer or EO device
and an object exceeds a certain min-
imum threshold value (0), the ob-
ject is considered effectively
obscured.
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obscurants (such as fog); by-
product obscurants (such as dust);
visual smoke (such as WP); and
bispectral multispectral and special
obscurants. This appendix describes

Characteristics
Smoke, placed between a target

and viewer, degrades the effective-
ness of that viewer by interfering
with the reflected electromagnehc
radiations. The amount of smoke re-
quired to defeat that viewer is high-
ly dependent upon meteorologica1
conditions, terrain relief, avai[able
natural light, visibility, and the ab-
sorption effect of natural p'articles
in the atmosphere. Otherlactors in-
clude smoke from battlefield fires
and dust raised from maneuvering
vehicles and weapon fire.

The ability to detect and identify a
target concealed by such a smoke
cloud is a function of target-to-back-
ground contrast. Smoke Clouds
reduce target-to-background con-
trast, making the target more dif-
ficult to detect.

The effectiveness of obscuration
depends primarily upon charac-
tenstics such as the number, size,
and color of the smoke particles. In
the visible range, dark or black
smoke absorbs a large proportion
of the electromagnehc waves strik-
ing individual smoke particles.
Dming bright sunlight you need a
higher concentration of black
smoke to effectively obscure a tar-
get because black smoke particles
are nonscattering. At night or in
limited visibility, considerably less
black smoke is needed.

the general characteristics of
obscurants, how they work, and
what obscurants the United States
has in its inventory.

Grayish or white smoke obscures
in the visible range by reflecting or
scattering light, producing a glare.
During Eright sunlight you need a
lower concentration than with black
smoke to effectively obscure a tar-
get. At night or in limited visibility,
consideraBly more than black
smoke is needed.

Years of experience with white
smoke technology have shown it to
be superior to bTack smoke for
most applications. Available white
smoke producers include WP and
RP compounds, HC, and fog oil
(SGF2). WP, RP, and HC are
hydrocopic (that is, they absorb
water from the atmospnere). This in-
creases particle diameters and
makes them more efficient in scat-
tering light. Fog oils are nonhydro-
SCOpiCand depend upon
vaporization techniques to produce
extremely small diameter droplets
that absorb and scatter light.

Smoke produced by a s~oke gen-
erator umt or from a senes of
smoke pots has four distinct phases:
streamer, build-up, uniform, and ter-
minal (see Figure 19, on the next
p,!ge).

Streamer phase is the smoke
cloud formed by a single smoke
device before it begins to blend
with the smoke from other sources.
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