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AN ANA1X S IS (11 111 . SMOKE CLOUt) I)ATA FROM Ti IF AIJGLIS’F 1975
JEFFERSON PROV I NC GROUN D SMOKE TEST

1 . 1 NTROI)UCT I ON

To gather data on smoke cloud growth and characteristics , a
test of artiller y and mortar smoke munitions was conducted at the
Jefferson rroving Ground , Indiana , on 19-21 August 1975.(1) Ten
rounds of each of the following NP and IIC smoke munitions were
dynamicall y fired in sing le-round fire missions: 155mm MilO EP; 10~ mm
~‘160 l’P; 4.2-inch M328 NP; 81mm M375 NP; 60mm 111302 NP; 155mm Ml16 tIC ;
105mm M84 tiC . The series also included a static firing of one round
of each of these munitions.

Da ta extraction , discussed in Section 2, was limited to
meteorological data and to 16mm films of the clouds from three ground
locations , as shown in Fi gure 1. Measures of cloud growth and other
cloud characteristics were extracted from the films .

The data analysis , presented in Section 3, is to support
the JTCG/ME Smoke Obscuration Model.(2) It is therefore restricted to:
cloud dimensions at ear1>~ times; rate of rise of the ~:p p lume . The
time period of each anal ysis is limited by the filming time of each
fire mission .

. DATA EXTRACTIO N

Extensive measurements were made of WP and IIC cloud
characteristics from the ground-based 16mm films . The graduated
reference markers in the field appeared with the clouds in the films ,
and provided a scale with which to extract linear dimensions . Time
estimates were based on the fi lming speed of 24 frames/sec. An
adjustment was app lied to the measurements to account for the an~’. 1ebetween the film plane* and the direction of cloud travel. This
adjustment has been made to the data reported in Appendix A. The
location of the smoke sources relative to the impact area were
derived by use of the grid markings on the ground , which appeared
in the 16mm photographic coverage from helicopters .

2.1 Meterological Conditions

The meteorological conditions of wind , atmospheric stabilit y ,
and relative humidity are crucial to the growth and transport of a

*Cameras were in a fixed orientation

11
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smoke cloud . ‘I’he met corol og i cal data gathered dur I ng the .JI’G test arc
presented in  Tables 1 and 2 , and may be related to the individua l cloud
data records in  Appendix A.

An assessment was made of the Pasquill category of
atnlos1)heric stability for each fire mission . Pasquill categories of
atmospheric stability (4) are identified by percent clou,2 cover and

~-.ind speed . The parameters defining each category may be used to
predict the growth of a smoke cloud with a Gaussian distribution of
mass. Small corrections to these group ings of the cloud measurements
were made by comparing the measured heights of the hi’ p lume centroid
versus time for each munition . The need for such an adjustment
probably reflects short-lived , localized variations in the ineteoro-
logical conditions during the cloud development .

2.2 hP and LIC Cloud Characteristics

A summary of hP and IIC cloud characteristics for which
measurements were made is given in Figures 2 and 3, respectivel y .
This reflects the difference in nature of the hP and UC sources:
conventional hP is a bursting munition which exhibits a pillaring
effect due to the high heat flux generated by the rapid burning of
the hP; HC burns in its component canisters over a 2 to 2,5 minute
period . The cloud s from the individua l canisters quickl y merge to
form a sing le cloud which generally has the approximate shape of a
right ang le triangle. Because of its far simp ler shape , fewer
measurements (~ere required of the [IC clouds than of the hP clouds
at each time . The measured cloud dimensions would allow a roug h
picture of the cloud to be constructed at each of the given ti i:~es,
The particular cloud dimensions exp loited in this analysis , for use
in the JTCG/ME Smoke Obscuration Model , are discussed in Section 3.

3. APPLICATION OF’ MEASURED DATA

The measurements of cloud characteristics presented in
Appendix A were used for the following :

a. To obtain the height and width of the hi’ cloud just
after the weapon phase , as a function of munition fill weight. The
e~d of the “weapon pha se” is the time when the glowing orange
hemisphere becomes a white cloud , which is generally about one second
after burst.

b. To calculate parameters for a function giving the
height of the centroid of the hP plume as a function of time; a
similar study was made of the farthest downwind portion of tIC
clouds , as this is the portion of the cloud where separation from
the ground surface occurs . These parameters are given in Table 3.
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5. 1 Source t)esc r i p t ion

the Smoke Obscuration Model represents a smoke cloud as a
Gaussian distri bution of agent . To initiate the growth of the  cloud ,
a measure of the base dia m eter and the hei ght of the cloud at the
tine of its formation arc needed . These measures are referred to as
the “source sigmas” of the distribution , where 4o~~ (= 4Gys) represent

the base diameter in the windward and crosswind directions , respectivel y,
and 4~i _~~ represents the hei ght , wherein more than 99% of the cloud

material is contained . The existing values , represented by the solid
lines in Figure 4, are based on numerous experimental data points
for mortar rounds comp iled from the literature by Mr. 1. C. JohnsonjU
Some of the points had been crudely measured hence the need for
ver i f i ca t ion .

Measurements of the source sigmas from the JPG test are
given in Figure 4 as circled dots . They were averaged for each
hP munition , independent of meteorolog ical conditions and other factors
which were considered to be non-influential at such early times. The
measured o values for both mortar and artillery lie fairly close

to the solid °ys curve. h owever , their consistently greater value

than the existing values may indicate that the curve should be
adjusted upward . The measured values for the mortar rounds lie

close to the existing curve for ~~~ but , as noted above , their

consistently higher values may indicate that the existing curve for
should be adjusted upward . The test values for the ~~ artillery

rounds are so much higher than those for the mortar rounds that a
separate curve may be indicated , as shown by the dashed line in
Fi gure 4. If the o~~ values for artillery and mortar rounds may be

lumped together , as in the case of °ys ’ then the existing ~~ curve

should still be adjusted upward .

3.2 hP Plume Rise Models

The smoke cloud produced by the conventional , bulk--filled
WP munitions generally exhibits a strong pluming effect, due to the
high heat flux from the burning smoke agent . Because the plume
generally contains a high percentage of the original fill weight , and
because of its tactical value , its influence must be considered in
certain calculations of smoke obscuration .

Two mathematical forms which predict the height of the
centroid of the plume were considered for application to the JPG data:
the Joules model ,(3) which was developed fror~. a consideration of basic
principles of the growth of the plume (see Appendix C), and was
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j f l t  emide d ~ r i mar i lv as a i- c en re h too 1; and a mod i f I I oga r it tin i c
func t ion which was an a ccu ra t e  and convcn icnt curve f i t  of t h e  dat  a
Because of its exp l i c i t  use of severa l i n t e r e s t i n g  v a r i a b l e s , an c f f o r t
was made to  nip lenient the . Jou 1 es model . I lowever , for rca sons of
expediency , this at tempt was abandoned in favor of the curve fit form .

The expression , given , 1)010w , is a function of time onl y,
and is  i m p licitl y a function of munition , wind speed , and condition
of atmospheric stabilit y :

+ C 2 (in (t + 5) ) 2 wh ere

= hei ght of centroid (m)

t = time after burst (sec.)

C1, C2 are constants determined by a least squares fit of the

function to the data.

Fi gures 9 through 11 give the height of centroid for the
155mm hP, Pasquill categories , A , B and C , respectivel y, as generated
by the Joules function (based on Yuma Proving Ground data) and the
curve fit (based on Jefferson Proving Ground data). The “adjusted
curve fit ,” which appears in severa l of the fi gures , is simply the
curve fit to the given data points which was translated vertically
to conform to the initial size of the cloud (a) at t=0. Considerin g

the numerous sources of discrepancy, the comparison is quite
reasonable. Graphs of the height of rise data and their fitted
functions for other hi’ munitions are gi ven in Figures 12 through 20.
Tab le 3 conta ins  the va lue s of C 1 

and C., for all of the curve fits.

3.3 tIC Cloud Rise Model

Without a separate , exp licit cloud rise function , the
Smoke Obscuration Model lwrmits the centroid of a cloud to rise only
as a result of cloud expansion . Based on observations of UC clouds ,
this assumption seemed to be questionable when app lied to the leading
portion of an tIC cloud . For this reason data describing the rate of
rise of the centroid of the leading portion of IIC clouds were ex-
tracted from the JPG test results. A linear function was successfull y
applied to curve fit these cases. Their graphs and curve fitted
parameters are given in Fi gures 21 through 24 and in Table 1 ,
respe cti vel y- .

3.4 Static Firings

Cloud characteristics were also measured for severa l st a t i c
firings. A comparison with the rise functions for the dynamic sh~’ts

2 1 
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would indicate the influence of the motion of the projectile ,
entrenchment of smoke agent particles in the earth , etc. These
graphs and curve fitted parameters are given in Fi 1.,ures 25 through 29
and in Table 1 , respectively.

4. CONCLUSIONS

a. Tile JPG test data indic ate that the source si gmas
current ly used in the Smoke Obscurat ion Mode l may be about 45 perce nt
low for artillery munitions .

b . The test data indicate that separate functions for the
initial vertical component of cloud growth for artillery and mortar
munitions may be needed.

c. The test data and curve fit function for the rise of
the centroid of the 155mm WP plume closely approximate for pre-
dictions by the more sophisticated Joules rise function .

d. The height of rise of the centroid of the downwind
por tion of MC clouds may be represented by a simple linear function
of time .

It is recommended that each of these aspec ts of data and
extraction and analysis be separated with other smoke tests , and the
resul ts amal gamated with those presented herein .
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_
~~~~ L1~~~~~~ ~~~~~~~~~~ - 30

:L, _ _ _ _

478 19.9 49.7 40.6 51.9 35.7 
____ _____ 

43.7

— 623 
~~~~~~ 

54. — ~~~~~~~~~ ~~~~~~~~~ 
I 43J~ . , . . .~~~~~~ . ._ 54.9 _ -

841 35.0 73.0 
____ 58.4 43.2 54.1  67.3

1058 44.1 90 - 68.5 46.5 ~~~~~~~~~ 81.3 - -

1318 5 4 . 9  1 1 8 . 9  76 . 2  4 5 . 4  83 .8  109. 

- - - - - - - ----- -- t -------- 

~III I1 
- Ij I~~~_ III 

. . . . L . ~~~~~~~~~- - - - - - - . —  _ _ _ _ .
~~~~~~~~~~~~~

._ -

+ end of wea pon phase
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J C 1F’L R SO Ft I~ROV I r-~ 
( ROLJNI ) SM() Vt 1!. Si

CLOU D C Ii/\I ’AC T LRl S I 1CS

M u n i t i o n  4.2” WP Date Aug . 2~
__ 

—

Shot Nui ber E-3 S lpoking E Time of F i r i n g  1635

Wind Speed (kts) , L2 Wind Directi on (°T J J )  161

% Cloud  Cover ._._.j5
Particle Dispersion Width ( i n )  

—

Stern Plume Centroi’ l

Trapesiu m Distance i t

Frame • Ti me Width Thi ck nsss Base Height Trav e l led Heie t P1 en
No. (Sec ) ( i n )  ( i n )  (rn) (in ) ( , )  ( )

_ _  0 2~~~ 4.43 _ _  Ii I~~~~~~~~~1 IItI. ‘l
_ _ _  - .25 6~~~~ ~~~~~~~~~~~~~~~~~~~~~~~

.75 83~~ —. 
6.65 

_ _ _  _ _ _

__ - 
l.04~ - _____  _ _ _  

___L_ 
_ _

1.42 106 . 
— 

9.98

_ _ _  ~~~~~~~~~~~~&. J~L 21 .1 --___ .___ __

7.71 79.7 17.7 176 20.0 26.6

____  
12.7 83.0 23.3 179 28.8 53.1 37.7 53.1

-_____ 
1 9 . 8  146 4 4 . 3  133 2 7 . 7  106 . 4 1 . 0  106. !

______ 26.6 79.7 52.1 163 33.3 166 . 54.0 166 . !

_ _ _  ~~~~~ j~~~, 6 5 179 ,_38.8 220. 
— - 

66.5 220 . ’

_ _ _ _  4~J_ _224~~~~~~~~~L_ ~~~~~~~~~~~~~~~~~~~ 81.7 286. 
- 

-I.- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

III I. . .I. III 1111 ‘IIJ II1~1I.I 1.1111 III.
* still burnin g
+ end of wea pon phase



JLF~ URSUN I RO’/ I NG (ThUUIB) SMOVF TI’ Si

CI DUD CIIAP/~
(. Ii 151 JCS

M u n i t i o n  ..~A .2’  WP - 
Date ____

Shot N umber ~~ . F— 3 S 1 oo~.j~g_E Ti inc ol F i ii n~i 181 5_ _ _

Wind Speed (k r.s) _~~~~~~~~~~~~~~_ 
Wind Direct io n (°IN)  •_ ‘!.60

S Cloud Cove r _,._ZL
Part ic le Dis pe rsion N dl Ii (ill) 

_________

~~L!i~TL. St-em Plu~~~C t r  d W~dti-
Trap es iurn D i s t a n c e  of

Franc Tine Wi dLh Th ickn ess Base He ig ht Trav e l  led i Y t  
, 

-l u ‘e
No. (Sec ) (i n) (r C m) ( “ I )  ( i n )  ( i ’ ) (r

_ _  -~~~~~~~~~~~ ‘---- . --. ~~~~~~~~~ -_ 1_-..— --__ __ _ _

_ _ _  _ _ _  5.54 _ _ _  

_j _____
~~ - . - - —  —_~~L~~ 28~~~ , . . .  LI _4.~ -____

___  ~~~~~~~~~~~~~~~~ 38.~~~
_ _ J

~~j~~~.~
_ [ , ,_

_  _  _  _ -_

,_~~~l 2 g  ~~~~~~~~~~~ —-- -- — . -. - 

~~~~~~ _~~~ 2 .2  
-- 

______ ,__
~~~
_

! 

_. ;

4.92 23.6 15.5 60.3 11 .1 
__________ 

16.6 7.05

43 .5 _,__ 27 .7 , _ 64.7 22.2 
_ _ _ _ _ _  

34.5 
— 

23.6

— 17.9 55.8 38.8 64.7 38.8 52.6 43.5

___ — 2~ L_ .~~LL _~~~L,4 ., _ ,75 .0 52~~ _ _ _ _ _ _ _  ~ P~4_ Q~~

4~~3 _ J ~~0 7L~~~,~~ 9,9~9 69 .3 _ _ _ _  
119 121

_  

-- --
--- 1 

- -- -- 

‘ 1111 ~“I 1111. IIILI1I~ ’1IiIII_

1- 

~~~~~~~

-- =11
* still burning

+ en d of wea pon phase 
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I I I  RSON I ROV I III’, C~I’. O U t I i  ~I1Ot-~I1 [1 -1

(l o ll ) Ii l1Jlt%C T I R I  s [it s

M t~ ~ 
lO5m WP 

_______ 
Date Aug . 20

Shot Nut- her C 4  rm’okinq E Ti~te of Fi r in q l~~~

W i n d  51 e ’d (kts) — 
4—6.5 Wind Direct ion (°ft) 161

C loud  Cev er  - 75
Par t i c l e  It i ie ’ rs i re  W id t h  ( i i i )  ____ ___________

Stem Plunc ’ ( ‘r troi t I 
rU:

Trapet~ I tim Di s tanc ’:e C f

F,-ane • T i t t e  W i d t h  T~i ic kness B.~c ’  He:q ht Irav ell (- ’l He i r :Pl  r H ’

_ _  

- - -

~~~~~

-

_ _  

_“IiltI IIJ li HIT’lI:±,:

~~~136 ~~~~~~~~~~~~~ ._~~L_.~J______ 
_ _ _ _ _

—~~~~~~~~~~~ ~~~~~~ 
_~~ 9_ ~~~~~ _, 19~4J~~~~.a.i ~~~~~~~~~~~~~~~~~~~~~~

348 14.5 32.4 24.4 11.6 6.1 { 
_ _ _ _ _ _ _  

1 5 . 8

401 16.7 33.6 28.0 6.47 9.8 
_______ 

15.8 I
544, 

~~~~~ 
54.3 

- 
34.1 12.9] 10.9 24.4

.,._~679 28.3 55. 7 36.6 
_____ 

12.2 28.0

i:. ~~~~~~ 
“ii ii i 1 

“ 

~~~~~~~~~ 
--- --- - - J--~~ 4 

____  -- _ 
-“- .- -—- - - -  -- -“  ______- - - -——- -— — —4 

- . - ~~ -- --- - - — - -- - ‘ L--~~ --- - 

3ô

L 
- - - -



J IIFF L R SU II PIWV I I-V~ IU t (JIIUI ) SMOV.l . l I ST

ci DUD CUARAC I lW I SI ICS

Muii itinn 8lnini WP 
______ 

Date
Shot Uu mhe r ~~ C—2 

Time of Fir in g 1141

Wind Spcr~d (kts) .J2 _— Wind Direct .ion (° rfl ) _~o~
~~- Cloud Cove r
Part ic le Dis pe rs ion i-J idth (in) _________________

Source Stein P1 tn’~ Ce nt r s  Id F wi
Trap es j~ tj :t Di~,tan e j of

Franc ‘ T i ’ - - - W i d t h  ll;icI~ness Base Hrinht Travel  led He i’Th t P1 ,~. - -

No. (5cc) ( i n )  - 
(m)~~~ I .(~~ J~

) ,Jn) ( t i j

~ .~~I I~ti~I’ 
i.1±1L111 1

Li i”
.T TI

— ~ ~~~~~~~~~~~~ ..._Z~~
__ ~~~~~~~ ~_._.L

36 ~~~~~~~~._34~~~~~~~ J~~~~ _ -— - .- — - —~~~~~ —‘- ‘ 

-.-~~~---
_ a a  ~~~~~~~~~~~~~~~~ 25.9 _ 16.3 ~~~~~~ ~~~~~~~~~~~~ , 

j
~_L

_
~f l9 ,  4~92~~ 28 .1 . .j5.3 ~~~~~~ 

_ _ ._ .~~~. _ ~~
d_____

167 ~~,88 
- 

34.6 23 .4 6
~~2T~~~~~~~~~~~~~~~~ T 27.4 ___—-

4~~ i~~L - 54.1 
~~~~~& 1~~Q~~ ~~~~ 

_q..~~.
659 2j..~4_...,..,.,_ 54.l 63 .0 _ .J~~~~~.L......,...

19.5 67.1 ____—

~~~~~lg_~~~~~ 4 , ,~~~~_~~~~~LQ . ~~~~~~~~~~~~~~~~~~~~ ~~~~~~ J ~~~~~ 

_ -- -- --- - -_ -  - -~~~—~~~~~~~~~ --~~~~~~‘.*—- . .-- --

_ 

-

I

- ---. 

_  11 ~I ~111~ L1~ 1_~I I, . 4 ,j _ _-._ ._~~~~ . 4

+ end of wea pon phas~ 37



“ - - - - - -~~~~
—— --- - --

~~~~
--- -

~~
-- ---- - - - - - . --- - -

~~~ 
- --

IF CII  kSON PROV I NG GP,OIIUD SMOKI IFS I
CLOUt ) C I IA RA CT E RI Sl 1 CS

Muniti on 8lm WP —_____ Da te _____

Shot Nu t-tbe r ~~ F-2 S looking
E Time ol Firin g 1822 

—

Wind S1 ecd (kts) 2 .~________ 
Wi rd 1)1 recti on (°f U )  165

~ Cloud Cover
Particle D i~~p ers  ion W id th  (in ) ___________-.

Stem Plume Ce i’t t ro id

Trdpesiu i ) Distance of 

.~~
- ‘ T ir ~ Width T h i c k n e s s  Base Height Travel led He ight 1 1 r

No. (Sec) (iii) 
- 

( )  (m) (ni ) (in) (in) - 
( i . H

8.03 3 .88 - _ _ _  _ _ _ _ _

~~~~~~~~~~~

._ 

A5~~. JLL —- 6.65 - , .

_ _ _ _  
2 .63 _ 31.0 11. 1 ____—- -~~~~~~~__ _ _ _

~ 4 .04 16.1 9.98 36. 7 I 6.88 
—____ 

11. 1 
_ _ _  

j
____ 

4.67 18.4 11. 1 34.4 8.03 12.2

_____  
6.5 23.0 13.3 34.4 10.3 

______  
14.4 5.74

_ _  ~~~~~ ~~~~~. _~~~.4 28~~~ J 1 4 ~~ _ _ _ _ _  ~~.8 l0.3~~
_ _ _ _ _  I4 .9 ,~~ 3Z.l_ 18.8 35.9 23.0 ——____ ~~~~~~~~~~~~~ 16.1 -

_ _ _  a3.~A~~ 29.8 ., 22.2 37.9 JL,L~ .4LL 29.8

3S~4 _3LQ __29~9 - 40~j  - 41.I _____— ~~AJ
4~~~_ A~~8 -- - A~ 2__ ~ 5~l _ _ _ _  ~~~~~~~~~~~~~~~~ __  ~~~~~~~~_ JZ~~~

+ end of wea pon
38 
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-- --— ~~~~~. - . .-- .  —-- - - -

I I t (‘1 PPOV I N( (d ()UtU) Sl-1(’)Vi II SI

CI (l ilt) CI!1d-’.A CT I  U 151 ItS

M ciii tin t ) 60m WP flute Aug .~~~_.,,_

Shot Numh c’ i ., 
C~ S 

~~~~~~ 
N I iuie of Fin nq 1343

Wi n 1 Spe d (kts) 1 2 ,,,?.___ Wi n d Dir ection (°T f l )  295
S L i oud C c v  - t -  75 

—

a r t i c l e  P i - ; ’~c ” , i o n  N i l 11i ( i t )  
—‘  -—

Sour . Stem Plume C e n t - o l d
Trapesi um 1)1st - rice St

• ii’ c -  Width  T I ; c k t - i-’~s Bas e H~~iq ht T r a v e l l e d  I I leigf t - I ’ iur ~~
No . (S ec)  ( i n )  

- 
( i n )  (in ) 

- 

‘ ( i t )  ,,) - - 
( i ’ ; )  (~~)

-- —~~~~~~~ Q. _&71 ~~~~~~~~~~~~~~~~~~~~~~~~~~~ -- --—-“- -.  -

~~~~~~~~~~~~~~~~ _. ___ .~~ Q~_. .__ , .—--—‘- ——-—- - -—- 

88 1.25 31.4 12.2 1 ___  
I— i  - ‘ -.—— . ‘ —— - _ _ _ __ _ ‘_

(

_ ____ _  ——_ _ _

119 _ 2.54 26.9 11.5 __________ 15.2 l3.5~~~

~62.. L~~~ ’ _~~~ . ~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ -- 22..4 ,

402~j~~~~
_. — — - —— - — -  — -~26 -U3.5 39.6 47 . 1  - -

_6~~L2~~~ .. ,~~~~~~~  
200 29.2 

_ _ _  
50.8 55.7 I

874 34.0 
-- 

296 56 .1 ____— 
50.8 87.4 I

III lIT ~~T’T III IT~T~~II~ Z ~ II’~~I~

TI ~IIl~~I --

_ 111.1 ~I lI~IT - III
+ end of weapon ph3s~
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_ _ _ _  
- .- ‘ —

~~~~
--- - - - —  .— - — ‘

J I I I F I R S O I 4  PNOV I lV~ r1NOilhI , i f l : . i  ii SI

CLOU D CIIA R/ \C T I R I  I 1 C -
)

Munition -_ 6Omm WP 
______ 

Da te
Shot Number _ F— i S looking E Time of F i - i nq  1822

Wind Speed ( k ts )  
~~~~~~~~~~~~~~~~~ 

W ind Direct ior , (° N )  200

S Cloud Cover ~~ 75 
_____

Particle Di sper sion lidth (i n)  ____________

~~~~~~~~~~~~~~~ 
Stem P l ume Cer t i — ui d  W i r t ,

T r apes  inn Dist an e
Fnat:ie • lime I Width T h ic k ro s s  Ftrse He i t h t  Trave l led He ’iqht Pl~

t~~~ (5cc) ( i n )  (!“ ) - . . ( 1~L ~~~~~~~ -

~~~~~~~~~1 .042 1 9.20 4.43 _____ 1

~~~ ~~~~~~ 11.1 ____. J _

~

- 
125 5.21 11.8 -—_ 7 .7 6  34.1 ~~14.4 ! 

____  

16.6

260 10.8 16.5 11.1 37.6 1 23 .2~~ 27.7 16.5 
-~

_4~~~ ~~~~~ ~~~~ ~~~~~~~~~~~~~~~~~~~ .2 - 

I 
- 32.1 f 4L0 3 5 3

- 753 .31A. 3R~~ ~~a — - 4 4 , 1 .A~~ 
I 

- 55.4 6.

1008... ..4L.Q..... _ 48.5 44.3 .58.8 I._4 1A.. 4 ~~~~~ 88.2

_____ —______

_ 111111 :1.11 II I IIl,J”I IL,IIl III

_T11I1’I £HL1
+ end of wea pon phase 
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-_ - -  ‘ ‘ -~~~~~~~~~~~~~~~~~~~~~~ --_— - -_.~~~~~~~~~~~~~~~ ._. .

J [ f I I I - t - n N  I ’ - t ) V lt ~’ , ( l ’ t t I l Nl) “Y I- ’ l  1151
(:I.UvD I UAI-tA ( I [RI ~- I ItS

Munition 155ni11 HC ~~~~~~~~~ 20
Shot u;~I c i ~ A — 7 S looking N Ti c- of Ii ring _ _ J]4~,_.
Wi t id  Speed (kts) 3-4 Wi nd l Ilt t- cti on (°1 ~) 1~~
S Cloud Cover ,_~ 9. , , . . . Burn l i m e ( s e c ) __, ,
Ca n nist on - Dispe rs b i t  ~

j 
______-

Dis t a nce F b i  qI~tSource [3ody To of
T ime W i d t h  ‘[h i ‘,~ ness Le ading I radi no

Can i ste (se e )  (in) 
— - 
(n) Hqe (o) - E dge ( ‘ 1 )

~~~~~__ .. L08 ~~~~~~~~ . t9..9 .[ .  ..6J.

I 
l5~~ 

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

~~~~ThIF I~L~ I I~ L III - -
~~~~~~~~~~~~~~~~~~ 12.0 9.6

1 
1  

- - ~~~~~~ -~

3 3.54 13.9 6 .1

L~ . . 

- -‘- ‘ -.~~~~--  ‘- - - - - .- 

— 2.15-. - . - - .  - .--—- - ~~~~~~~ - 

-— - - —  - —~~ 0-—— - --4~~6--—-—-

Li .::~i1 
~i63 .1 

- 
438 I - - - --

- 
71.3 

- 
403 488 113

L.i.. 11- i 11 ~III -

* mer ger of i n di v id ual clou d s

41



-~~~~~

i L l - F t  RSUU P R O V I N G  (;lt(IIUN) t ,t lOKU ILSI
C LOtH) C FIA RAC 11 W 1 ST I CS

Munition l55mm HC Date .
Shot  N u n her_ B-7 S_looking fl Time of Firing ~_JJ~~_

Wind Speed (kts) ~i3 Wind Direction (°1N) _______

Cloud Covc ’r 30 Burn Tit ,e (sec)
Ca nniste r D is pe rs io n( f ra )  

____________

Distance Hei ght
Source Boc 4 y To of

Time Wi dth Thickness Leading Lc-adf nq
Caniste i (sec ) ( i n )  - ( i n )  

—- 
1. dqe ( t )  [dg~’ .(~~L

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

~~~~~~ . __  J~~~~
__

~~ & l O

3 ~~~~~~~~~~~~~~ _ 17.6 - —  ~~. _ _ . ~~~~~~~~~~~~~~~~~~ 
4 

_~~~~~~~~~~~~~~~~~~~~~~~~~~ ___ _ . .

~~~~~

. n~~_ __
1 13.4 35.2 9 .14  39.6

2 13.4 i7~~~ 19~1 - 26.4

3 13.4 39.6 16.3 48.4

~~~L .Z l .~~_ _41..8__ .~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~

2 .~~L.~
___ 4~~ ~~~~~~~~~~ -__2L.4...~~._..

_ __L.. 21~9_ 
. .  —_ A _

~~~~
_ _ 2 4. ~~~~~~~~ 1a4._ _,. .—. -—_____

- 
2 29.9 61.6 30.5 72.6 

____

_______ 3R 5* . .J08 . _. ..J2&. .

59.1 
, 
137 

____ — _____ - 
165 

-_____ 
55.9

___ — 
66.7__— _ _

~~~~~~~~~~~ ~~~
_ _ _ -_ 66.Q~~~~ . J 

~~~~~~~~~~~~~~~
* merger of individual clouds
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i l l  II i~t~o:~ t 1 ~l . ’ I t G  ~[-~
j
~j F I ,  - 

~o:-~ ii ~I
Cl 1) IID ( . I!A P/ I ( Ii _ itl ~-.i IL S

Munii t ion — 
55mm HC Dale ku._ ~Q .___Snot b~ r E— 7 S 1ooking L Tin of Ii ri i r j  1746

W i n d  ~.nnt ’d ( L t s )  _~.5-3 Wind Di nt -c t i e r  ( °T N ) j
~ _ _

C l o u d  Cover __2~_ Burn li n e (see )
Can it i —t en Di Sp e  c, ott 

~~~~~~ _________-__

Di s t t t r c e  Ibe i r
~~~~t

Sou rce Hod~ To of
W i d l , b i  T h i c ~- i tc s s  I_ c o d in g Lc-Hinq

Canister ( c c c )  
- - 

( I i )  
- 

( in ) 
- 

Edge (in) Id i- (r ~

.042 23.3 5.54 33.2

.±_  LO~~_ . 16 6 3 .33 
- 

33 .2 4 

~~ ~_L  
‘1

~~~~~
_ 

. .  ~~~~~~~ -. _~L~ ~~~ -

2 1.13 19.3 3.33 39.8 
~~~~- _  -_ --- .--  - . ----

3 1.13 13.3 4.43 13.3

._ L _?. j 4 .08 73 .1 —- 73.1 3.33

4~ Q8. .~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _~~~~~~~~~~~~~~~~~~~~~~~~

110.6* 120 133 9 .97

179 
- 13.3

j 29.4  203 
_ _ _ _ _  

245 13.3

41.5 266 
_ _ _ _ _  

332 16.6

53 .8 349 419 22.2 

A15 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

* merger of individual clouds
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it I’Ll D 1iN t’HIPJ I ~P (:IIoUNFI t INJKI T EST
CI ODD C I t A R A CI HIS I ItS

Muni t ior i . l55m HC Date .__Aug . 20
Shot Nui~iber~ F-7 S JQQ~jr1~ .E. T~me of Firing Jj~ .._____

Wind Speed ( L t s )  2 .5 -3 Wind Direct io n ( °Th)  
~~~~~~~~~~~~

~ Cloud Cove r _1~~.~~~ Burn Time (sec )~~_
Can niste r D i sp ers ion( p~)~~~~~~~__

Distance Height
Source Body To of

Ti -c WI Uti T h ickn e s s Lead - i rig Leadi ng
Canister (se c )  (i~t )  (i n) Ed ge ( i n )  Edge (in)

— ~~~~~~~~~~~~~~~~ -— — - _-- __A&J__ ____

___  ilL -- ~~~~~~~~~~~~~~~~~~~~ __  3.~~ —— 

-~~ -- .~~~ ~~~~~~~ 

~_~_L 
- - ~~~~~~~ 

__ --

- ~~~~~~~~~~~~~~~~~~ ~i _ .  —
_ _ ~~ i _ ._ ._ _ 

~ l~ _ _ _ _ . _ i . _ __ . _ _
~~~

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

52.5 276 305 24.4

375 _2i.4

- - .  - .  ~~~~~~~~~~~~ ~~~~~~~~ ~~~~~~~~
____—- 4~~~~~~1 4~ — - ____

:1111 II

-1-1 

— - - --—-- - -— - _ --~~-- - - - --- - -- -—-._  ---------- ~~~~~~~~~~ --— - - ~~~~~~~~~_.,



J I _ E F L I t r I t I  ‘h’ t V I S ( , ( , 1-t ) IJIJ D riiU’ I .1151

C LIJUI) CIIA R/\i ; I LH IS1 ItS

Muni tion ___iQ.~!B_ uc Date AUq . 20 
_____

Shot Nut ihe, 8—6 ~S lookin g N Ti ii ~ of t irin g 1152 _

Wind Speed ( k t s )  ~ 0— 1 ______ 
Wind Direction (°T11 ) lSl __

- - 
C lou d C ov er  30 Bu r n  T i : . ~- (sec ) 9 l l~ 0

Canni ster 1)1 cp ers  - o t ~ o~) ~~~~~ —

Distance ‘ Height
Source Body To of

T i l e  Width Thickness [eadi rig Leadin g
Canister sec ) ( in ) 

- - 
( in )  i~~ e ( m )  I d ( I )

1 0 15.9 4.88

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

~~ 

~~~~ ~~~~~ ~~~~~ . 1 __ . 1D~,.U__ . _ .  

~~~~~~~~ -~~~~~~~~~~~~~~~~_- _ --—~~~~~~~~~~~~~~~~~~------. -.--- ..- --
-- 1 .72 ._..._ _ ._ _~~~~~~~~~~~_~~~~~~~ l95 ~~~ .

22.5 280 338 36.6

“~-0_- ~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ ~~~~~~~~ 
34~~~~~~~~~~~ . 

_ _57L__ . i..a . _..  

---- ._ .—-_ -- 

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

____  -.--—— --.--- —— ._- - - - - — —-—-- ._

* merger of individ ual clouds

45



3 1 1 1 1  HSIJN oflI; ~;-~ G~’flibNU 5M ’)~i 1151
CI DUD C I I A R A C  1 ER I ~l ItS

Mun i t i on~. 
lOSnin HC ~~~~ Aug. 20

Shot Flu tr ~ C—6 S looking E Time of Firing J~~Z .
Wi m id S u-L ii ( ts ) 4 — 6 W i nd Di recti on ( ° I N )  _~~~~~__..__

S Cloud Cover ,_ 75 Burn 1 inc (see) 
—-___________

Cannist er Dispors inn ~~ ~~~~~~~~~~~~~ _ _ ~~~~~~~~~~~~

Dista nce Height
Source Body To of’

I T i t e  W id th  Thi c kness Leadin g I_ ea di nq
:a n is ter (s n -c ) (in) ( i i )  Ldqe (in )  Edger ( i : i )

- 
1 .83 18.2  2.4

2 .83 7.31 3.7

3 .83 11.0 3.0

1 5.29 47.3 47.3 2.4 
—

~~~~~

2 5.29 18.3 25 .5  8 .5

— 3 - - - -  ~~~~~~~ - - - 

18.3 ~~~~~~ _~~~~~~~~~~~~~~~~~~~~~~ _

1 
- 

12.8 110. 110. 6.1 
____

2 12.8 47.3 62.0 14.6

- 
l2~8_ 58.4 1 7 7  8.5

21.1* 283. 9.1

29.6  288. 329. 14.6

______ 
38.3 332 374 . 17 .1

_______ 

50 .9 402 475 28 .0

_ _ _

. _ .
~~~~~~~

., - 83.~~ . _612 , 685. ~~~~~

- - ~~~~ 
_ _ 71L.   7_9~_ _ 45~1_  -

* mer ger of in di v id ual  clou ds
46
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Ji ll I_~’ 5 ~J I~POV~~~ 1,bIIf l)N ) ~I-V ,VI T I_ -I
Cl OUD LII!\k/\Ci I.Ri S1I CS

1-luni t i  i i c  155mm n~p Date 
Shot Nui .~ - u _ G— 5 S loo l inci N Ti t  io ol Ii ri ni 11~~

W ind Sp1- .- I  ( l i e )  6— 8 
_________ 

Wind Di r - - c l , jon (°T N) 210
Clo ud Cove r _~~._

Part  i cl o I~ I 
-
~ 

rs ion S i d t  h (mit )  
— —~~~~~~~~~~~

Sourc Stem Pl ine ( r u  ~n d

Trc iue: U;i Dis tn ’- e of

Fr- c-ne T ir - -~ Wid th  : Th ickness Base 
-

~ Hei~ ht 1 r v r ’i led  Ir.i~~~ r P1~ :r

h o .  (S ec )  (in) - - 
( i n)  ( i i i )  - ( in )  ( i ,  ( i ’ : )  

-- 
( i ;

I 

_ _ _- 

~~~~~~~~~ 
-- 

_ [~~~~~~~~~~~~~~~ 27~~~~li~~~~~~~~~ II11
~

_ _  ..L2~ ~~~~~L41.l ... ._ ..1~~ -_

1.0 + 
~~ 52 ~~~~~~  L_ ___ L ..__ ... -

_._..~i_- o_ ~~~~~~~~~~~~~ _ .. _ L  .._ .

~~~~~~~~~~ 

. -
~~~~ 

-

68.6 ~~~~~~~~~-,~-_ L __~~~~_- . - _  -

~a I  15.2 -~~~~~~ -- 
01 .4 48.8 152 

-

_ _ _  ~ 41 ~~~~~~~~~~~~ ~~~~20.0  22.9 91.4 I S~ .O 110 76.2 I 195

a~~~~ 36€ 22 9 ~~~H79 122

_ _ _  - ~~~~~~~~~~ - 5~ .o 122. . — ~)A

-- - - - —~~~-.o—- ~~~~~~~~~~~~~~ - - ~~~~~~~~~~~ ~~~~ - 
! 152 

- 
101 168 

11I:IJ II~I 1I1I.~±II~ 
— - - - ._ _ - -- . ! - - -——.- -- _

~~~
- — - - - — - — - — - —  

- - -  - --- — -  I --
‘

~ 

-- — -
~~~~~~~~

— •
~~~~~~~

+ end of wea pon phase

_ _ _ _ _ _ _ _ _ _ _ _  —- _ _ _ _ _



-~~ - -- -- - _ - _  
-- - -- , -. ---

iur 1- LRS( ‘N F ‘ROy I F4(; GROUND 5MOI’~L l I S T
C L OUD CtI /\H AC I I H 151 ICS

Munit ion l55nin W P Da Le Pq~~~2l
______

Shot l ,u ;~her .....jj :5.~ lookinçi N Ti m : e of Iimin q l2~0 —____

Wind Speed ( k t e )  - _  
Wi mid Direct ion (°TN )  

— 
245

‘
~~. Cloud Cove r - 

Particle Di s pcr s iun  W i d t h  ( in) _______

Stem Plume Ce ntro id W j d i t i

Tr a pes ium Dist an ce of
rr~l-r , ‘ Time Wid l.h T It i  c k ness Base Hei ( 1} i t  Trav el l iii Height - i- i  v- - - .

No. (5cc) ( i n )  
- - 

( i i )  ( i n )  ( i n )  (in ) 
- — — 

( mu ) 
- 

- ( i - ~~ -

- 
0 ~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ____I ______

.i... _.~.Q~3_ .~~..24A _ _ ~~L. __  c,_ _._ . ._ __ _ . _ 

—_ .208 ~~~6 ~_id~~ ~~~~~~~~~~~~~~~~~~~~~~ — —--—-.--

~~~~~~~~~~~~~~~~~~~~~~~~ - -- -- -___

24 Jj .O _~~~~2 _~ 3.7 _ _ _ _ _  _ _ _ _ _ _ _

42 4U75 ~~~~~~~~~~~~~ ---.--- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~.L.70. 

4 
_ _ __ _ _ _  9j.. 9 _ _ _ _ _  1~~-1 --___

75 3. 13 99.9 22.3 99.9 23.7 18.5 33.4 27.7

99_. 4.13 138 _~ 26 5 — _.2f~J 334 - 24. ~ _46~SL ilI.a
146 6.08 154 39.0 23 .1 44.6 38.4 57.1 46.1

198 8 .25 158 4/ 1.6 _ 33.8 ~L6_ _ 50 ,7 ~5 .5 ~~~~~
143 J~J~

__. — 165 _
~~~~~5.J_. _ ,3fl 7 - - -  sa..a _ ~~~~ 7E~~ ~g 2

292 ~~2 _~~ ~~~~  6LL - ~~~~~~~~~~~~~~ 5~~. . ~~~~~~~ 3O~~~ B~~0
.~aa - 6 .2  - 177 .7 ~~.8 ~~~~~~~~~~~~~~~~~~~ ~~~~~~~~
4.46 8.6 

- 
191 ~1.3 _ 76.9 

~
.jS.S

1 

131 
~~~~ 

i15~~~

+ end of weapon phase 48

________ 
- - - - _-~~~~~~~~~~,-



~ l~I r ’ i i  ~~~~
C I D I c I : I/t I rA ( :1I ‘ 1 - I

Muimi inn 1 05ni~i H C  
_______ f l i  ~t ’  - _

Shot Dui ~~~~~~~ S lookin g .~~~ lii- ’ - o Fi n - i rig

Wi mid 5
~ t - i d (t ts ) 3—5 W i i I  I i i  ecti on (n-IN)

C b s-I L o v e r  
— 

75 Hurt l i e  ( C r c )
Ca tin st cm . Di s - n ‘

~~ ion t ~~ ~~ . -

[ii s I - - m i c e - h e n  i t
S oi m - ce Bud - To of

1 li tt er Wi 1to Th 1 - eec l. r-~~ i .e L e n d  111( 1
anister 

- 
(si -c) _ _ (i, ) ( I )  

— 
[d;r ( i - ) [due (re)

1 ~~._ 1.04 11.0 2.44

2 1.04 11.7 3.90

3 ____ 
1.04 11.0 3.66 

____

~~~~~~~~~~~~~~~~ ~~~~ 29.2 L~~ 3.66~ 
t

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

L _
~~~~~~~~

. ~~_ B.m~ ~~. 5L] -- . _
~~L~ 

8 
. ~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~

3 8.75 40.2 47.5 6.71

1 14.9 87.7 102. 6.71

2 I 14.9 4 .5 65.8 15.9

3 14.9 58.5 76.7 9.75

20.5* 256 270 11.0

30.9 292 329 15.9

- -  - .~~~~~~~~~~~~ - - ..

59.2 449 493 20.7

76 .4 544 621 34 .1

— .  —- ....8&.3.. .~36 -  112 ~~~~~ -

— ~~_ 9~~Q~~~~~712._ .il94~. 
* merger of i ndi v id ual  clouds

49
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~

-

~
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ill- i IRSON PiWV IRS RHUUIII) SF’~OVI T E ’l

CLO F ID CIIAbI PC ’ILII 15 1 IC . .

155mm W P Date /\ ug. 21

Shot Number 
* 

1 5  S 6~~ ing 1 Time of 1- i ri nq T4Tr

Wind Speed ( k t s )  .~~~~~~~~~~~ _ 
Wind Direct ion (°1N) 250

S C loud Cover 50 _
Part i c le  I) ispe rs io n Wi d th  ( itt ) ______—

Source Ste rn Plu” i-n 1.r nt r o id

Tra es urn Di s t ase c -  oF
T in .n W id th bh ichnesc  Bnse Efe~ o ht b r a w l  led Hr- iqi, t Pu n. -

No. 
- 

(S e c)  (in) - 
(iii ) 

- 
(in) ( in )  ( in ) 

- 
( I L  

- 
I 
H

13 54 _ 2 5 9 ,  j~~7~ -

_Z2_ M ~~~~~~ 
22.9 -- -_ _-- .- - 

_ -L--_- _
~ l2Q 

~~~~~~~~~~~~~~~~~ ~~~~~ 3.05 - _____ _ _ _ _ _  - 
32.4 15.2_ I 

_ _ _

1~R - ._ 7 .0~~ _j~~1 
- ~~~~~~~~~~~~~~~~~~~~~~~~~~ 

_
~~.. L___ _.  ~~J 30.5 27.6

216 9~Q~~ 8 1.L.  27 .4 — _____ __~~5_& _ 3 R 1  12~4H

~~~~~~~~~~~-- ~~~~~ ~~~~~~ ~~~~~~~~~~~~~~~~~~~ - ~~~~~~~~~~~~~~~~~~
482 20.1 — 157 30 .5  40 .6  1 42.7 127 57.9 50.3

600 2~~Q_.. ~~~~~~  38.1 35. 7_ J .  ~~~~~ 154 ~~L.L_ _
~~~~~~~

.iJ

721 Q..~~~ 2]~~~~ 4 1. 2 -- ___  177 ~~~68 .6 53~~~
J~~I~7._ 1 ~ 4La~~~~ .4Th 7 ~L~Th _~~~~~~~~~~~~~ _ 76 .~~~ 97 .6~

_ _  _ _

1

+ end of weapon ohase
50



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

h. FFFH SON Roy I NG (;D -d ;RD ‘.MO KL 11 s
CLOUD (.IIARAC1 I H 1ST 1 CS

Muni t ion  1 S5nim WP Date Aug~~~]_______
Sl ut Number __ ~~~S 1oo~~~q N  Tiit.e of Ii ring 1505

Wind Speed ( k t s )  
~~~~~~~~~~ —— WI rid Di recti on (°TI l ) .~~~~~~~ ________ —

Cloud Cover
Particle Disp er sion Wid t h  (mu ) ______________

Stern Plume Centroid W idth
Trapes iurn U is tan rc  of

~~~ -c T in-c W idth Th i ckness  Base Height Tr ave l  l id  lIen ~rht P 1 or-
No.  (Sec) ( itt ) I - - (WL~ 

(in) 
- 

(i i ) 
( i - . )  

~~~~~~~~~~~~~~~~~~ _ _ _

- I - 12~~ 2&9 122 -- ~~~~~~~~
_ _ .  ~~~~~~~~~~~~~~~~~~~~~~~~ 

_ _ . ~J
~~~~~~~~ .29 

~~~~~~~~ 
—

~~~~~~~~~~~~~~~~~~~~~
- ____ - -

_____  _____  - 4L3 _ 22 .4__— ____  ______  -

_____  
.79 

— 
41 .3  24 .4 

______  ____  _____  _____

24 1
1.0 47.5 28.5 

—- __ - -  
I

48 ~~~~ 76.4 32.5 
_ _ _ _ _ _ _  L

96 14.0 99.0 20.3 
____ 

31.0 38.6 35.1 1

148 
-- 

6.17 134 32 .5  
___ ___ — 

51.6 52J~
216 9.0 161 46.7 1 86.7 67 . 1  74 .~

241 10.0 
- - 

161  50.8  ~~~~~~~ 94.9 71. 1 74.3~

360 jj~~_~~~~~6 52~ 3 144 
— 

8L3~~~~l08~~
48i~ 20.0 268 61 .0 —- 

1.08 - - 
87.4 

. .
124 .

2. 2~L4_  3JIL ~7,J_ . , . ~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~LA . J21 J

224 ~Q 2 ~~_ - ~3f~L _ iLL~ Jl~ _~~ _J~~~ . _I~L!

_  - -  

- i:. IIT.1 

~ 
~~~~~~:L1~~~~1~ 

--~~~~~~~ , -- - 



---

d l i  UI h i - _ i ‘i~ h’ bfflV J WS ‘d JUND SMOF’S TEST

CLUUi) ( . IIA RAS T [ R 151 1 CS

Muni ti i ’ r m  4.2 WP 
— — — —  

Date Aug . 21

Shot Nut ’ber~~~G-3 S look ing ~1 Time of Firing _ 1052

Wind Speed (k ts) ~~~~~~~~~~~~~~~~~~~~~~~ Wi id Directio n (°T1l) 
— 

225
Clou d Co-icr _ Q_

Particle D c ~ rsion W i d t h  ( i i i )  _____________

Sour ce St Cf l  Plurne Cent ro id

T rap rs i - am Dista nce i of

Fran c • T i t  e Wi c I Lh Th ickness  Base He ight Tr av e l  led hR-i hi. Pb ~~:

No. 
- 

( -oc ) ( in)  ( i i ) 
—_ 

(i i ’ ) (n~ (in ) ( i - i )  

—---—-- -—~~~~~~~~ --- ~~ _ _ _

~~~

t4 ~~L__ __ __ _L -

~~~ .2924_ 71.8 12.2 
_ _ _ _ _  ____

_~~~~~~~L Q J~L~~ 
__ 18.3_- ___ ____--

_ _ _  ~~ O i67 
—- 

26.4 1 
_ _ _ _ _  

_______ _ 1
_ _  -

j~~ 175 
-- 

42 .7 , .. . j . _
~.L-_~J - - -

I

194 __ 1€_L. _________ E9 c1 l_i~~~~~_ ~~~
204 ~~~~~~ _~~~~~~~~~~~~~~~~~ ~~~0l - ~~~8 77~~~

______ 20.0 207 _. 20..1 —______  _______ 132 - 
_

~4S_ _24~ 9

-______ 25JL 21R — 2 4 4  _M_6._ - R6.2 - 161 Ri I - _Jj 5 _ j

~~ p_ 194 _ . _2LL_ 1L &._ 91.9 180 ~~ 9.4 J~~L.

_______ 
35.1 216 24.4 69.0 86.2 194 89.4 138

140.0 223 30.5 71.8 94.9 208 93.5 153

45.0 ~~~~~~~ - - - ~~~~~~~ ~~~~~~_ _lli_)

_ _ _ _ _  ~~~~~~~~~~~~~~~ 266 ~~~~~~~~~~~~~~~~~~~~~~~~~ _~~~~~~~~~~~~~~~~~~~ _~~~~~ 252 ~~~~~~~~~~~~~~~~~

- -  - 55.0 287 528 I 
-- - 91.4 - - -—l 3~ - -

II:::1~ j 
T

~~~~~~~~~
li

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

Z

+ end of wea pon phase 52 
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~ ---—- 

I

JL~ Fi RSOW i-R (JV I NG hi - I USD 5Mi)’~t lh ~~
Ci ODD CibA RA C I P 151 ILS

Mti m i it i on 4. 2” WP 
___________ 

Do to Aug . 21
Shot Nut h~~~~~H~~~~ h 1 ~~~~ T i t i ’ of in uq 1303 

— —

W i mid S ; ci’d ( k t s )  ~~~~~~~_ _ _  
Wi rid Direct ion (° TN ) 24 5 —

C loud Cove r .,~ __
Part ic le Di spers ion Wi d t h  ( i t )  

_______ ______

Sourc e 
~~~~~~~~~ 

P 1 u i ’  Cc-n tr o i (I dt~
;

Trap esi  out Di s t e r i e r  of

Fra n T i r e  I-! idth I T hi ;kncss He iy ht  ‘i re ’ - i - i  1, - ” FIeiniit
No. (~ ec )  ( i n )  

-. 
(
~LL~,_ (

~‘L (in )  
- 

( ‘ i )  ( i n )  (r) 
-

_ i~~i i~~
- 

_ _ _  

-
:

14 .58 33.6 10.2 
— J . _ ~

_ 
— --- -~~~-- -—

24 L.o 
1 

10.2 I
481 20 58 3 1 16 3 ‘TITIII JIILI I

72~~~~3.0 67 .3 20.3 
- . - - -— 

— 
96 4.0 80.7 24.4 

_______

120 5.0 83.0 23.5

_ _  _ _  _ _ _  

I170 _ 1~Q& _~11 36 __ . _ _~~~~~~~~~~~~~~~~~ _______ .

1924 8.0 9L9 —_40.L_ __J---- - ---- 1~
_ 

~~~~.. Z40 . ].~.fl, — ~7  46~L_ - -— -- - ___________ ______ _______

360 15.0 _ ~1ì] 12 .2 
~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~

480 
- 
20.0 168 16.3 135 36.6 101

600 25 .0 20 
— 

20.3  
- .  

168 46.7 123 :

720 30.0 235 26.4 202 50.8 135

770 ~2.l 247 24.4  21.3 - - - 54.2 W 140

837 34 .1 247 2~~5  247 — _~~~~.9 ~~~~~~~ 

- - - - -  - - -- --- - --- I ~~~-- - --—--- - ---~~~~~~~~~~~~~~~~~~~- --  

+ end of weapon phase 

-~~~~~~~~~--~~~~~ --~~~~~~~~~~--.- 
_



— - .~~~~~~~~~~~~ --

d i r :  i RTON PROV iNG GROIJNIi S!-~f lKF TF S 1

C LOU D LI I I~kAC’[ FR I ST I CS

Munition 4.2 ”  WP 
— 

Da te
Shot Noi ’ber~ J-3_S lookin g N Time of Firing j

~~ _____

Wind Speed ( kt  s) _ ±~~
__  Wi mid Di rect ion (°T f l )  260

S Cloud Cover 50 
— ——

Par t ic le  Pispe rs ion idi h (u i ) 
____________

Stern Plurne Lentr oid I 
W i d ~ 

I - .

Trai’-e ’~iutn D is t a nc e of
Frame 

$ T i t e r  Width Ihii c knc-ss Base Height 1 rav el c-I Ifri’~i,t kl~ -

N c~ (Scc)  ( U i )  . . (im~ —- 
(!

~~~~_. 
- 

..
(~~~~~ _ — 

, _ (
~L__ i~ )

-—___ - 514 12.2 J_ ~~~~~~ .

_ _ _ _  a33 ___ ___ - -~~~~

_ _ _ _  1.0 16.3 . _ .  ____-

_____  
2 .0 86.6 18.3 

_____  _____   
1

-__ ~~0~~~~~~~ 2J 14.2 14A 26A 1 37 .2 ,

___  
5.0 109 .4~ _ 18.3  20.6 30.5 45 .4-

_______ 
8.0 103.2 24.4  28.8 46.7 57 .8

______ 10.0 
— 

113.5 34.5 ____ - 
36.2 56.9~ 61 .9!

_ _ _  
15 .0 121.8 44 .7 

_ _ _ _
l ~~~~~~~~~~~~~~~~~~~~

_ _ _  2Q~Q_ _W ~~~~~~~~ __ — 72.2 —~~~~~~~~~ 
9 ~~

~~~~~~~~~~~~~~~~ 123.8 . ~~~~~~~~~~~~~  
, _ _ ~~ 87 .7 105.7 103

_____ 
30.0 134.2 67.1 103 111.8 124 

-
~

-- 146.6 _.~~7 .1 107 130.1 i28~~

_ _ _ _  40~~ 156.8 71.1 129 _
~L~L 124

45 .0 158.9 86.4  - - j  - - 150 146.3 144~~

~o .o _J1~~~~~2 -___ flA _L_ 173 - _ l 5~ ..4 i~~
_ ‘

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

ii ~~~~~~~: 

~~~~~~~~ I
+ end of wea pon ph ase

54

- - -  - -



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

J[iFLRSON PFOV I Nh CHOtIN D SMOKE TES1

CLOUD C II I \RAC IIRI STI CS

Muni I ion 105mm WP D~te Aug. 21
Shot No Iber _~~~~~~~~~ S looking N 

- 
Ti tie of Fi rin g _ l25 5

W i rid S; ’ -ed  ( k t s )  4-8 
—~~~~~~~ Wi mi d Direction (°T N) 

— 
245

Cloud Cove r _~~ Q__
Par t i c le  D ispe rs ion  Widt h  (i~t )  ________________

Source Stem Pluine Centro’ i d W idt~- 
-

Trapes iu rn D i s ta n ce -  of

Frat c • Tj; t ’c W id th  Th ic hnes s Base Height I Tr- dv ol led lleio nt F l u  i - -

N o -  
- 

(Sec)  ( t )  (in (in ) (in) (in ) 
- 

(i i ) ( r )

1 0 6.73 3 .66 
_____

3 .125 16. 1 4.88

13 .54 24.2 11.0

50 2.08 47.1 14.6 
— ______ ______ _______

99 4 . 1 3  5~~5 28.0 
__ -- 

16i

1 6.29 67.3 _L5.
~ 

14.8 29.6 24.2 31.7 
- 

20.2 I

229 9.54 69 .9 29.3 
— 

18.8 40.4 37.7 43.9 29.6

— 313 13.0 80.7 24 .4 22 .9 [ 49.8 56.5 56.1 33.6

401 
- 

16.7 87.4 
— 

28.0 26.9 57.9 74.0 67.1 37 .7~~
495 20.6 101 24.4 26.9 69.8 90.8 81.7 43.0

TIHLITIII TI

~~~~~±~~~~~~~~~~~~~~~~~~1~~~~~~~~~~~~~~~~i± ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



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

~~~ 

JFFI F RNON P RO J US GUOUNI) ~ I’~ ‘I I 51

Ct_ ODD C! IA RAC T [I~ i S Fl (.5

Munit ion _~~~‘~ _WP ______ Date Aug~~21
Shot Number 1-4 Time of Fi r ing 1410 ______ -

Wind Speed ( Fts )  
~~~~~~~~~~~~ . 

Wind Direct ion (°1 N) 250

~ C l o u d  Cov er 
— - -— —

Particle f l i s r u r s i o s  W i J i h  ( in ) ________

Suu çu St em lunir ~~
( i l  r o ~d 

~-: i
Tr a pesi  t in Di s t emi c e o~

ir an~e ~i - Width  Th ic kness Base Iie i~ ht b e v e l led He ir  - r t  
- i ’l l ,

No.  (S e c ; ) (~~i) (m) 
- 

( i n )  
- ~~~ ‘)  - 

( i n )  - 
(~-~) (n ;

--1 _ _

- 
1 0 -__

13.0 4.57 
____  ~ . I - -

8 I 
~~~~~~ 32 .4~ 12.2 r

1.0 ~ 43.~~_~~~5.2 _ _ _ _

- 
49 • I_ .~9~j  48 .7j  18.3 

—— ... .__ I
______  ________  — —_ _ _ _  ____ 

-- - 1
~~~~~~~~~~~~~~~~~~ 

--

~~~~

-

~~~~~

-

169 7.04 6 4 . 9j  10.7 ___1_~~~ 42.2 22.9 - 3~~7 I

242 10 . 1 - 69 .7k ~~~~~~ 58 . 4 25.9 40 .5 1

363 15.1 
— 

101 L_j5.2 1 86.0 35 .1 48.7

480 20.0 115 
-
~~ 12.2 24.3 24.3 109 35.1 56 .S J

600 25.0 131 16.8 27.6 21.3 136 39.6 56 .8 f
720 30.0 148 15.2 24.3 

- 

25.9 161 41.2  55.1

840 35.0 164 32.4 32.4 185 45.7 58.4

1.011 42.1 178 32.4 40.5 211 53.3 68.1

_ _  _ _  IIiL~~. 11111
- - - ---  - - - —- --— -

~~~~~~~~~
- --__ - -- 

:.IT::IIT:::,IL~~::T iii 

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



~) I h I 1l~ .(r N : - : : ‘ _ ‘ !~~~; ~;i- t I t I , !  _ r i~~II 1 1 5 1

Cl (‘Di) I -A ( p nbb  II I~.i ics

Mutt it j (ifl I 05mm ~~~ Dd to — — . 1 _~
Shot  5 i -  - -r ~~~~~~~~~~~~~~ 

loo~~ni~~ _ T i c  of ii riri l) 1507

W i n d  rr - r -d (~~ 
t s )  _ _ _ _ __ . Wind Direct ion (°1 N) 260 

—

c loud .

i a  i i  c he Di p - - i i i  l-~ in  N ( i - )  
—

I ’  S1.Pfl~ Pi ty-  ~~~~~~~
1 ra :e ’J  t in D s t a nc ’  c

e Ti : . t d t h  I hi ck~r t- ~-~ 
(- ,i~ e 

~h Iem ni -~ l ra,. r -1  - , t . i t , i , l  h~~
SO .  ~~~~~~~~~~ ( in )  

- 
( i - ) 

- -  

( i i )  
- 

(~q) - ( j : r )  ( - )  (c-,

_ _ _ _ _ _  _ _ _ _ _  __L.

~~

_i____

_ _ _ _  - 75 
~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~ _ _ __ _~~~~~~~~~~~~~~~ 

1.0 35.1 22.4 
I

____  2.04 47.5 26.4 
________

_ _ _ _  4.0 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —_ _ _  -_____ —--—~~~

—--- -- --— -----~~~~-~-Q-L ~~ • 3 . 4] .]_~~ ~~~~~ ~4~~ 4

____ - ~3 7  20 . 3 - ____-- -- 

64.0 47.

]
~~~~ 92.9 - .  -- - - - 78.4 ._~~~~~~~_____

___  

15 .0  126 10 .2  26.8 31 . 0 I 120 50.8 45.4

20.0 
- 

150 10.2 37.1
1 .~I*L ~~5 .

~~
. - -

2~~0 186 12.2 33.0 49.5 ~, 
206 6~ .i 68i~~

30.0 212 14.2 37.1 55.7 243 77.2 72.2 ! 

~~~Q.3 . - 4 7 . 5  5U6 - . J ~ 7 7 . 2  8~~ 6.

40.0__- 29~~ ~ 2 ,2 61.9  5L~~ - - lQ~~ -

- -_ ---.--  - - -_ —i - - - - -
~~~~ L- - ~~~~~

+ end of weapon phase 

-- - .



_ _ _ _ _ _ _ _ _  ~~~~~~~~~~~ ~~~~~~~~~~~ - ‘~~~~~~~~~~

dliii RS(mN i bt ( i ) T ~S (~~~( ( J t ( N I )  S MO C I.  FL)1

LLO J[) CIh1d ~ /\~. I h R  1511 CS

Munit ion 81mm WP Datc- Aug. 21

St’ iot Nut I rc r  - G-2 5 1 ooki~~~~l Ti m e of ii ri fl9 1047

Wind Speed (kts) _~~~~~~~~~~~~~___ Wi rid Di m -c ction (°TN ) 210
C loud Cover ____

Part ic le Di sp e rsion W id t h  ( i t t )  
___________

SourCe St sn P1 i nc  Cc -n  tee i ~
it-opec i um * Di s to r i  cc o~

Fran c 
$ 

Ti ne Width 
- T h i c k n c u s  Base He iqht Tr~v c ile d I i c- i n h t  

- Pi ro -

I - \

No. (Scc) (in ) 
~~~~~~~~~~~ 

- 
- - - ~t _ - -

I ~~~
~11I1 ~1J1i~T~ I 

- lilT lIT
_ _ _ _  56.8 .~~~~~~~~ 10.2 r _ ~~~

_ T
-_ _ _ _  _~~~~~~~~~~~~~~ L _  81 .2 __~~~.2 --____ _____ _______ _____ ___

3. 0 8 1  ~~~~~~~~~~~~~~~~~~ ~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

— 89 .~ ___ Z

~~~~~ 

—_____ -____ ____

— I 5 .0 
- 

142 26.4
k

_ _ _ _  1Q. 0 II~9_ l 0 .2 ._ L.___ _____L 16

~~

1_ 2~3 . .  _4~~6

____ 15.0 - 142  ______ 24~~~ ~~~~~~~ 
______ 40.6 — ~~~~~~~ ~~~2

Z O  J4~ ~~~~~~~~ . ___

~~~~~~

,6 l .0  ~~9 134 _
~

_ 1~~__ 3~~ -- 1 - - - b8 114

- - - 4Q~6 . __  _ _1~~~
_ ___ ~~~~~

_____  ~~~~~~~~~ 2f l ~ - - 5 2 8  ~~
1i1__

- 45 .0 183 54.9  i -138 - - ~71.1 -

50.0 50.8 150 _ - - 73.2 132 

1 -  . -~~~~ 
- --- ---- - - - -- 

* Plume was situated directly atop source, hence no stem.
+ end of weapon phase

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



J U l  I L l t ~-~’~ l ( ( iV l tD (dtOlINl ) 5t1~t Fl  1151

C L O U D  (JhAPJtL II N ~
- I JC S

~~ it - - n  81mm WP 
________ 

Date — _______

Shot Nut o r  11—2 S 1 ooki ng N T itni - of F- i t  111 ( 1  1 309 
—-

Wind 5 ,ne d ( i t s )  _
~:~~~ 

Wind D i rec t io n  (° TN) 245
— C l i r r 4 ~I Cover
J1 a r t i c l~ Disp .’ : s  t in W i d t h  ( u t )  _____—

~~~~~~~~

Source Stern P lo - re C r r t r r ) id  
~i n~ -

Tra pes iuu :t Dis tar ’ I
I kidt. h Th in ch ncss Bos e Heiqht T rav e l l c d  I!r- iqht P i t  - -

Do .  ( Sc c )  ( i fl ) 
- 

(i n) 
- 

(in ) (~ ) 
-- 

( i r , )  
- - -  

( I I )  - 
-

1 ______ 6~ 7 .  _____ -

12 0.5
k 

26.9 6.9 
____

24 ~~~~~~~~~~~~~~~~~ ._ 31.9 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

___._ i_________

~~~~4& _~~~~~~~~~~ 33.6 13.7 _____ i_ ____ I
~~~~~~~~~~~~~~~~

77 ~~~~~~~~~~ 4.57 _ L _ _ _._l L8 _
~~~~~~~

_j
~~~

l2~~_~~~ 2 8 6  6.09 21 .9 19.3 20.1 ’

168 7.0 33.6 7.62 
_ _ _ _ _  — 

28.6 I 22.9 23.5 ;

216 9.0 40.4 3.80 16.8 I 16.8 3~ .0 33.5 25.2

270 11 .3 47.1 7 . 6 2  25.2 23.SJ 43.7 
- 

44.2 30.3

~~~~~~~~~~~~~~ 15.0 5.5 15.2 18~~~~~ 42 .oL 6 3 .9 
- - 

57 .9 
— 

35.3

~~~Q. ~~P. ilQ~~ _ iQ~~ 20.2 2 2  89.1 
-- 

78.2 
- 

43.7

- - - BO~ 1 -- ~~~~~~~~~ .. .  - _ _ 1L~~~ - ~~~~~~~~~~~~

720 
- 
30.0 103 15.2 25.2 

-- .~~L 136 111 
- -  

58.9

- 

- ‘ TEH ~~~~~1=E~~~~~~~~~~~ 

H

+ end of weapon phase

- -- - i _ -_----- - - -_ -—- - - -  —— - - - - .-



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

J i _ F i l  N - i ’ ; ~ PRO ’ 1I ~ CPflUND 5~-1UV~ F I S T

( I _ OLD ) ( . l hA h- / 1C I l W  1ST ILS

Munition 81mm WP Da te Aug 21

Shot Nuuiub er~~~I- 2 S looking N Time of I ir l f lq  1315

W i n d  Speed (F Is) 4-7___ W i n d  Di rect ion (° ft) ~~~~~~~~~~~~~~~~~~~~~

Cloud Cover  50 
P a r t i c l e  Di ~pnr.~ion W i d t h  ( in ) 

____

Ste m Plume Cent re id I - d- j i
ira ;esiu .n Dis t ~ n c e  of

irat -t e I i~ a Width  Th ic Frnc-cs  Base Hei ght Tra ve ilc O hi t - ‘lit 1 a: - -

No. (Si r- c ) ( i t i )  
- 

I 

(~ ) (in ) ( in )  - 
(in) (~ ( t . , 

-

_ _  --____

- 
~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ I —— --___

14 .58~~ 7 . 62

k

24 1.0 
______ 

I 10.7 
I

- _ _ __
~~~~~~~

1_ _ _ _  ~~~~~~~~~~~ — - --- -~

77 - —-—. ---—~~~~~~~~~~~~ — 
___ I ____  _ _ _ _ _ _ _ _  — 

r

101 A~~1 -- - - 2L4_ -- — — I 
-._____ 

________ -  --

221 9.2 1 - -_____ -___ 16.8~~ 37.0 67~3 31~L. ~ 5
341 14 .2 

_ _ _ _  - —~~~~~~~~~ — 50.5 42.0 79.9 50 { 3

46 1 - 
_ 4 2 0 1 42~~~ 109 .

—-~~~~~~~~~ —~~~~~~~~~~~- -_ - - — ___ ~~~~~~~~~~~~~~ _~~~~~~~~~~~~~~ i

801 33.4 50 .5 66~ - 
20?. 83.8 42 .0 

IT il1 . 111± lIi~l1IT 1411T. ’

=
* Source Width could not be measured because its separation from the nearly -

simultan eous case 1-1 was not c lear .
hO

— —~~~ _ _ _-  -



-- - - -~~~

J I 1 l h ~l
_( t . l 5l;V ] NS (~~1 i i J i t f )  S~4C)l’_ L 1I~~J

CI 1)1 .11) CIIARP1(. 11 RI N I )  CS

!nt i i - i  t i 011 60m WP Date __...Au~. 21
S h o t  N i t  l l)er ~~ H-1_ S~~oo~j~~~ N liuuie of Fir ing 

— 
1309 

-

Wi m ud Sç r c- r .d ( k t s  ) 4 8  
— . 

W i rid Direct io n (U I N) 
~~ 24~

S Clou d Cove r  ——
Pa r t i c le  Dispers ion  W i d t h  (iii )

St ern P lume C r - n t r o i d  
~ i

1 rap es 1 uun Di S tON e (r~~

Fra n c • T i~:e Width Th ic kr :esr ;  D~ se Height T r a v c - 1 l (  i i  
- 

H n i c h t  P l o t — c -
No. - 

(Sec)  (in ) 
- - - 

( in )  ( i i )  ( in ) (m) 
- - 

( i i)

—-- --
b---—- 

~
—-—1 - I -  — —— H

--— ~~~~~~ ~~~~~~~~~ -~~~~~~
. ~~~ _ _  L~~~_ .  

--

_ _ _  - -_

_~~~~~~.42 iL2 I~~~~~~~~ ___—

100 4.17 38.7 4.57 26 .9 9 .14 15 .1

--~~~~~~~-~~ ~~~~~ ~~~~~ __l.6L - - -

~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ .~~~~~~~ _ _ _ _ _  58.9 19.8 -—

- 292 J~~~ ~~~~~~~~~ 1~~~. -____ 85.8 ~~~~___30~~ .i
412 17.2 113 l3~L 16.8 118 38.1 —

- 

532 22 1

1

11& 15

:: 

if ~i 
3 6 1 0

- = -

- 

_i_ i

— 

I 
I — 

—I - — ---- - _  
_ -__ _ _ _ i _ __ --__ _—

- 

0 1



_  

~~~~~~~~

-- - - - - - -
_

-- - —-- -

JI lFI 1 50W Pl?OV INN NItOUNI) I-~fl!i 1 [ri

Cl OUD Chh1~I~1\Cl I RI 511 CS

Muniti o n 60mm WP 
_____ 

Date A q . 21

Shot ~~~~~~~~~~~~~~~ — Tine of Firin g _1315

Wi mid Speed (hts) -_ ~~~~
i_ — 

Wi nd I)i roc t i  ot t  (° T N )  ~~~~~~

Cloud ( i v o r  SQ
Particl e Dispors ion W i d t h  ( in ) __________

S t irCt 
~lrau1 P l u me Cc- nt ro id  ! W i d t h

Tr a pes i in t  [ listt r t ce  - of
Frar te ‘ T ii- - - - - W idt .h 1 hickness Base H?iqht I T ra v e l l e d  - ihei i t  - ~lu:

No. - (Sec) ~in) 
-. - 

i) : ~~~~~~ 
- 

I ( )  ( t o )  -

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

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

~~~24 J.0 ~~~~~ 7.62 _ _ j _ _
~~~

144 £.Q _Z~~L. 22.9 _______

_ .2M11~0 .J2L - _ z~~. iL9_~~~Q.a - -  ?&~
4_ ~ 3Q~9~

384 lñ~~~~~ _J~L — 18.3 -______ _ _  29JL_ J.Z_~ -

.....~~.P4 ~LQ~~ ~~~~~ — 
18.3 30.5

605 25.2 252 18.3 
______ _______ ________ 

36.6 67.3

TI ITT tT-H-E1_
_ i ~~~~ .

111 111111 - - Ji.li. llil 11111 _ _ _

I -- llj lIliIIlTJ
+ end of wea pon phase

62

- - - -~~~~~~~~~~~~~~~~~~~ -~~~~~~~~~~~~ — - —  -- -— a



dlii 1 RN’ ~N h NWV I ~I( GPL ) FINI) StIOKi TLST
CLO LbI ) C IIA RAC 1 l.hU S1 ICS

Muni tion ._ 155mm HC — D at e Aug 21
Shot  ~~~~~~~~~~~~~~~~~~~~~~ 1 iut ie 0 Firing 142~~

Wind ~~- - d  (Li ~
) 5—8 

~-iind Direct ion (°TN) _~?8
S Cloud Cover t i m  Time (see)
Coon i ster lii spers int l  

__________

Distance h eight
Sour ce Body To of

T line Nt idtbi Thu -i c kne ss h cadi ncj Leading
a n i s t e r  (c : c)  ( i n )  ( in) L d q e  ( i n )  Edge (i n) 

- .a~n . 3s.~~ 
_

~~~s~~~~
2 3.0 11.9 1 .52 _____ _____

~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~ . 42.8._ A.57 _ _ _ _   

7~.6 7_~~~. ~~~~~~~ 
_ 6~o9 --

____  Lna~~
_ 

____

8~~~ ._ -. 4- i_----~~~~~~
_

~~~~~~~~~~~__-- - — ____

J1L~1~~~r5~.Q 159 . _ 15 .2

F 3 ’ 4 15.0 
~~~~ 

9.14 
- 159 — --______

~ 
~~~~~~~~~~~~~~~~~~~~ - 2Q~~~ ~~~~~~~~~~~~~~~~~~~~~ 

_ _ 182 .. ._~
_

~~~~~~~~~~~~~~~~~~~~~~~~~~ 
i

J~~~i J_. ?~~~~~ Q _ _ _
~~~~~ ~~~~~_— _?~

9 
_ _ _ _ _ _

3, 4~~~~~~_ Z _. _24~~~._ .12.Z _243~~~~~~~~~~~ _ _~~~ - _

1 , 2 30.0 287 ~~.7 ~~~~~~~~~~~~~~~~~~~~~~~~~ — _____ -

- -  ~~~‘ 
~~~ 

__3
~.L ~~~~~~ — 299 -— ____ ___

1 , 2 I 
~~~~~~~~~ ~~ ~3~ 3 - 20 

3, 4 35.0 358 25.9 269

40~Q. 538 61.0 - - 5D8

-— - 
4 5~ 9 ~~~~~~~ _ 526. _ 

- ---- _ -- -_ - - - - -.-__ - - .- - -



dLFiI Rtdi!I h bt ( b V I NG CI-:ObBI bt N~10b~
[ IFS’

C lOu D ( i D ~DACIL ~L ’ D b  ICS

Munition l55m FtC Dat e- Auq. 21 —Shot Nuinher 1-7 (~ont) Tu ri n of Firing ~~~~~~_

Wind Speed ( it s )  5—8 Wind  D i rec t i on  ( °T r1)
~- Cloud Cov e r~~ 50 Burn 1 line (sc-c ) 

—

Canriister Dispei s lou t 
~~~ -—

Di stau~e b e I ( t i l t
Source  Body To of

Tiu ne Width Th ic h - nus s  Le ad i n g Leadin g
Can i stei~ (s ec ) (in ) (m i t )  r~q .— (u s )  F doe ( i t t )

50.0 617 61 .0 528 
—- .-- - - --- -_ - ---- - - _ - _  

55.0 597 61.0 498

65.0 567 68.6 j  458 
____

H- ——I

~II Il1TlIIt~l~ I~II II IIIIII~II~itII ii III 

- -H------- - - 

_ _  ii -- :.:L:.Iiil lilil .
(-t i 

—---- ~~~~~~~~~~~~~ _



J 11111 ~ (I(1 ItRI) V I t IN F1 b ’ PhJ fII ) SIIOKL TE ST
(_LO IJII C IhARAL F I R 151 J CS

Muni t 100 lO5niii HC_______ Aug. 21
Shot ku- - - h , -u I— ~~S__ 1ookin gJ ~ Tiuu ue of ii ri rig _]422

Wind Speed ( i t s )  _~:8 _... Wi nd Direction ( °T r-J ) 315 
—

Cu -m b Lover 50 Burn T u ne (see) —_______

( a n t i  i - - t - -r D i - - i n  I Oi l  ( in )

D- :stance Height
Source Ne d y To of

iiuie W id th  Tb i i cbo tess  Leading Leadin g
Canister (nei  ) (nu ) 

- - 
(ni ) 

—— 
Ed ge ( in ) Fd rj r- (n i)

1 1.75 j 17.2 2.03 
______

— ~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~

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

~~
1- - L -- --

~~~~~
-
~~~~~ 

-- - - -—-- 1———--——--- ~
- - ~~~~~~~ 

_
~~Q _ L ~~_ _ ~4

~P ~~~~~~ 8 3 1 43 1 

_~~3 - 4~fl 
_2&7_ ~0~~~

_ 
- —  2 R 7  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -

1 b 6.0 34.5 6.09 34.5 
______r—- - j  - -  

_ —-___

~~ 
.
~~~~~~~~~~~~~ 4 ~~~~~~P ~~~~~~~~~~~ .-_-~~J1~~ ~~~~~~~
- - - ~~~ .Q ~~~~~~ -

L_ ~~~~~~~~~~~~~ A~~ g J.Z~2

- J9.~9_~~ 
71~~~_ ~~~~~~~~~~~~~ ZL~~~~ --

l6 .3~~~ ~~~~~~~~~~~
1 15.0 94.8 16.3 94.8

- - - ~~~~~~~~~~~~~~~ 112.__—-
3 15.0 115 20.3 54.6

2 20.0 109 10.2 109.

3 20.0 172 10.2 97.7

I Q .  36~~~_ _  _ 244 -- 

* Merger of individ ual clouds. 



JEFFER SON iu oV ING ( ;D I o i~~~D SfI f lV }  T I N I
Cf _ OUt) (:HAt~AC riP I 51 1 CS

M u n i t i o n ~...l0Smm Hç Date _~~~
. 21

Shot fluinber~~I-6 (Conti Time of Firing _ 1422

Wind Speed (k ts )  ~~5-8~~~~~. Wind Direction (°T N ) 
_____

S Cloud Cover 50 Burn Titu u e (sec) 
__________

Ca ninister Dispc rs ion (,a) 
—

Distance Height
Source Body To of

Ti me Width  Th ickness Leading Leading
Can i ste u ( S O C )  (t ur ) ( in ) Edge- (in ) [d~-n ( in )

~~~~ 
_
~~~.Q ____

35~0~ ----- 34~~~---~~ ._3&6-_ —3~~~~---

_.Li_ 40 .0 ._1~D_ — J6_3 _L&0.9 _

3 - _4Q~~ 0_ 2~~~~~~~~5 3EL S 17 2.4

• 1 , 2 45 .0~~ 172.4 20.3 172.4

3 45.0 I 229.9 30.5 172.4

1 , 2 50.0 194 24.4 194

3 50.0 229.9 28.5 201.2

-__ _ _
~~~~~~~~~ 

_ii~1 . _J __

—_ _55~~~~~~~~~~ 1a4J _az~s 1a7~a~~~.
1 , 60.0 121.0 20.3 73.6

3 - 60.0 J8.~8_ _ 40 L ..._ 16&2_ . _ _— _.

1 , 2 65.0 126.2 20.3 126.2 
____

-- 3 - — 189 3__ ___-- J
J~~~ 2 . .  ~~~1O.Q . .  l~L7 26.4 . .  li0~4 . .

______ 
70.0 226.2 44.7 189.3 

. -75~Cu. - ---- 1 31.5 26.3— - 131 .5 . .

..1 1~~Q. 2~~2 ~~~~i ._i84J_ -

—_ .- - - -_ _ —-- -- _-- -- - -_ . -  -- - - -- -



t
~- b ~l T t ~~I

C L Lbb ) ( h I I \ b l 1~ . I I I  1 Cs

~ u nj t i u t n  105mm HC I)~i t t
Shot Nat ser l— 6 (Cont) 

—~~~ 1 - i -  o l  b i i - t r i g  .i_~??._ .
hind Spci -d (kts) ~~

_ W ind Iii c - t i  t inr i  (
°T N )  315

1 C lo m I  Sove r  50 l Oirri 1 11 :0  ( S e c )  
- -~~~~~~~~~

Coon i ~ t o t  Di  SpCrs 1 ( i r i j  ) 
- - — -—

D i r t  d I l C O  
1 

Del ‘ -~~ t
Sour c .e 1(1

Tiinc Wi dt . h f t i i c I it - -~~ l e d d i u l ’T I

Can i s te 
I 

( s e c )  
- 

( in ) - ~~t . )  
- 

1010 ( )  Edgo- ( r i )  

- 

_1, 2 
~~~~~~~~~~~~ 

147 ._3 - j
~ 

24 .4 
- -  

_ J 4 L~~._  

99.9 .6 i2~ .2 
--

~~~~~~~ ~~~~ 22:3  

~~J~~~
° _~~~~~~ _~~ 

P

I _ _  I
L_I1TIIL 

- H  
I - -

Hj±

~~~~~~~:~~~~~~~~~:~~~~~~

jti

1~~~~~~~~~~ 

- L 

-

* Merger of individual clouds.
it 7 
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—- - — --- . . -_- -

J[rFN~Si5~ - ROV J I-~c. ~sh~~ J WI ) SMO KI T INT

CI ODD CIIMA (.1 I P 1ST 1 CS

Mon i t ion 105mm_WP ._~_______ 
Date  

~~~~~~~~~~~ :. ~~ J_______

Shot Nuu uber Static — 
T u ne of ii r i g  ~~~

Wind Speed ( its)  ~~ 4 _____ 
Wind Directio n (°T N ) ?93

~ Clou d Cover 50
Parti (:1 e Di s pm re ion I-lid Ii ( i i )  j

~_Q~~~~
_

SOUr CO StOffi Plui p Cc- ntro ic l

Trapesiuni D i s t a t i c ’~ of

Iraure ‘ T i W idth T I ui cb . ness Base Ihe kjht lravel l~-d H ei - i i t  h o

No . (Se e )  ( m i )  ( i n )  (in ) - (u -m )  
- 

(i n) 
— - 

( in)  (
~

_ _  _ _  ~~~~
___ ~~~~~~~~

1 0  
_ _ _  

13.0 6.1

-~~ J7- _____ —____ ~~~~~~ ~~~~~~~~~~ J
8 .33 _____ —_______ - 

27.2 1O. 5j 
- ___

22 .92 
— 

29.5 15.5~ -

38_ jL5_8 _ 29.4 9.9L 4 21J _ _ _  ~~~~~

68 _~~~~Q~ _314 ~~~ _20.O I ~~ __~~_ L_
100 4.17 36.6 37.7 31 .91 16.6 _ _ _ _ _ _ _ _  

33.3

12~~ 533 44.9 A~~L_ 29.5’ 15~~ ___

165 _6.88 52.0 — .  54 .3 - ___2&.4 1 5 . 5  _ . _  ____

327 13.6 ~~~ . 3~~1 ~~~~~~~ ___--!
~ ~tit~ ii~i It±~:t : Jil__ _

* True plume not farmed ; “Centroid Height ” refers to the upper structure
of the cloud .

08



) h F I b l ~~ 1 ~~~~~~~~~~~~~~~~ (~ c r ) I ~ b l I N T
CLht bI b Chh AI (A ( - 1 I ~ I N I  (.5

Wm ii i ( ion im ~ fl~ t -  Au g . ?] 
-

— i to t  ~, t ~~~ _S.tatjc_ .5 lpnkin.~.5  T ; ~~ m ,i I ‘ i r - t~ _ _ 7 ~? . — —

Pi n t ‘0- . - - t - d  ( k t e ~~ _~~~~~~~~~~~~~~~ _ 
C o d  D i , t - c t i m j n u  (°I ’ ) 2H 

- -  —

C l a m - i  ( ‘~ t - , r - t  
—

Pa rt  ci H n pi -r - n on 0 (i tO  ( i i )  15 . 9 — 6 2 . 5

So m i r n - - St - itt  P i t - - ( ( - t i t r r . d  
i - t t I

T r i t o n  imr t 
- 

Ho ~a o - te c m ~
I t-? l d t b i  - T h - ic b  n - s  Lmse I I N - i v h t  I d v i - I le l I  0 r - -  I -  -

S r . (Sec) I ( in ) 
- 

(i-i ) (in) 
- 

(S i) (u , - 

-

_ _  

.04~ 

- 

10.4 6.10~ - -

- J _
~L _LIIHI~H i i  O F  

-

_ 9~. ~~~~~~~ 28.6 - 15.9
+ 

- I
14 ~~~~~.584 - - -~—-- — 

32 .5 1 C 3  
- - -

~ — 
~~~1 

- - - -
~~

28 I 1 .17 1 1 42.8 20.7____ — .- - _

~~~~

-- 

I
__ _ .___ __ 

6 . 6  - -

143 5.96~ ____  

62.4 54.9 -

1H11 lii I~11ILIT LIIJ
475 [ 1 9 . 8  

-____ 
103.9 i

_ _ _  I H . . ~ J
748 31.2 [ 118.3 100. 

l03.9~ 1Q t. - - .

828 .34~~ rna~J ~~~ L

- ~~~~ 37~~ - - - l08~ 2 91.4 -

- H - . H: 1 -

* Clou d rose to rap idly to show a well -defined plume and a separat e source.
+ end of weapon phase 

tO)

-- - _-- -- .—-- -~~~~-- . _--. .--- ----- .-- ---- -- - - “~~~~~~~~~~~ --- —



~~~
- ---. --

~~~~~~~~~~~~~~
_ - - -- -- . - . - -

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

J I f I L I ’ 0 ’ S T - PCV I NN (5 - S IS I i  ‘ !111I5 T I S i

CLOUD Chh /rPAC I P IS I ICS

Munition 60mm WP -~~~~~~~ Dote - 
A . 2 1

Shot N im i- - ter — 
Static ~ -i~~ of l i d  O~ _J_.7JZ_.

Wind Speed (its) _~~ L____ W ind D i rt -c _ t i e r  (i t
5) ~~

Cloud Cover 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Partic lo D i sp et ’s  Ho i d (h  ( i n)  ______________

Source Ste m P i n t o It-nti r i d N t O.i

T ra pe siu uum 
I D i O t - i u i re

Frame • T i i ; - c - W id th  ihic in ie ss basn He ig ht T rav e l i  0 ~~- - rt t

I 
(Sec) ( iii ) (nu ) 

- *m)_ ,~ 
(to ) 

-  
( c i )

_ _  _ _  _ _  _ _  

I *

1 0 
- — 

i~~~~~~~~~~
_

-__ —- --

~~~~~~~~~~

- 
_
~~~~~~~ r . i  - . - ,

3 _ _~~~~~~~~~~ 15 .6 7 .32 1 
-—

11 .46 
____  _____  

16.9 8.53 

- 
80 

- 
3.33 

-- - _ _ _ _ _ _ _ _  

21.4 1 9.75 
____—

153 6.38 39.0 26.8 31.2 34.1 32.9

357 
- 

14.9 59.8 42.7 28.6 30.5 48.8

454 18.9 70~~ — 
43.9 ~~~53 .6~~~~~

648 27.0 71.5 53.6 38.9 40.2 51.8 I
762 31.8 74.1 57.3 58.5 45.1 61.0

828 34 .5 81.9 — 61.0 
- 62 .4 

— 
34 . 1 

____

924 38.5

_ _ _  - - - _ - -  - -—- ---

- 

_ _  _ H.IIITI111
_ _  ---.--------- -

~~
-- - - -- J -- -..~ - - - L-- --- - - - . -- — . - .— -- - -- - - ~

* True p l ume not formed : “Centro id H~ j q~~n refers to the upper structure
of the cloud.

7(1 
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I b O i l  b - 00\’i’~ - i _ - - - itI::t m N - I N  i t

i .j D UD I 111,001 . 1  [ 1 - t i  INN

Mtmi ; i t ien _ 55
~~ ~±L_.~.__ — I i t e _ /\ UQ . 2 1

- -  St a t i c  S ~ oo Linq N 1 oF ii ri r i m  1617

Win - I  S i - ’ - ° - t~ 
( it s - )  -~.5-5 [m d  D l -  I o n  ( ° i )  h4 i ~

[loud L u- -er ~ 70.7 [ - i O u  T i t ’  - c m . )

~i run is ~ r ii i .~ -~ - - 1 m m - l i  
~- )  ~~ -. — -

- 
- - D r  s t a i n  i- I Dci - I t

-- r ~~~~~~~~~~~~~ I : - t d  / i n of
T i l e  W l d t h -i I - c . I : o ~ s H- -s rl i u i n [‘ um — I i u i q

Canister (~ ecl -~ (u t ) ( t : )  I n~~a 
~

! )  i .d[- (1

1 1 5 4  11.7 2.6

-- ~~~~~~~~~~ . ~- ~I 
- 11 

[ 
1 - 3 .2 1  6.5 3 .3 1

- 
2 ~~~~~~~ 3.21 8.4 3.3 

- 

H ~~? J _ _ . J~. . :Z .J

i~~~~~~~~5.46 7.8 3.9

- 
2 1  5.46 13.0 5.2 

--  - --

- 

8.63 

~~~~~~~~~~~~ - L-
~ :-::

- ----- - - ---- -- -- 

~‘t 
- - -  -~~~~~ L. 6 .9  - —- - 

~~~~~~~

--

~~~~~~~~~

- t-- -- . - -
~~
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AM SA R—S AM

MFJ~kiRAN D U M FOR RECORD 28 April 1975

SUBJECT: Vertical Rise of a Heated Plume

1. This “first—generation ” methodology for computing the rate—of—rise of a
heated plume has been developed from first principles. The assumption is made
that the p lume resembles an oblate splieriod with a well—defined initial volume .
The contents of the plume are “hot”, with respect to its surrounding air rr.r~ss.
Thus, the density of the plume is less than the air , and the plume tends t~
lift because of bouyant forces . As energy is lost through the plume ’s surface ,
bouyan t forces are reduced and the plume ’s rate of ascent decreases . Expansion
of the plume with time complicates the methodology.

2. Empirical data from the 1971 Yuma Proving Ground surveillance tests of
the 155MM , MilO series , WI’ projectile were used to evaluate certain constants
which appear in the model. Because those tests were not intended to provide
technical data , certain constants are specified with little confid ence. Those
constants will be subject to change as more detinitive data become available.

3. The height of the plume ’s centroid , at any time t , may be calculated from
the following equation :

~~ u r n  ~ 1(M 1)T 1_ 1 + (tj_1 
- T

~_1
) Me kf~_1 f ( t f l  0.7

E T. 3i=1 x— i

4~ 
Z
0 is the height of the plume ’s centroid immediately after munitions impact

and smoke dissemination (i.e., t—o). For WP ammunition the volume at is
calculated from Z = 3c • In particular , for the 155MM WI’ round the value
of Z is 7.0 inete2s. ZS

0

S. ci is a constant which has been derived , empirically , from the Yuma test
data . Its numerical value is believed to depend upon atmospheric stability
conditions , only. However , that assumption remains to be validated by tests
of W? ammunition other than the 155MM projectile. In the interim , the ~ values
shown in Table 1, one for each Pasquill stability category , should be used in
the height of rise equation.

6. n is the number of equal intervals into which the elapsed time (i.e.,
measured from dissemination at t—o ) is divided , it is usually not economical
to use a large n unless the true lapse rate is known in detail. In practice ,
one—second intervals from t•o to the final time of interest , t 1, are adequate.
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ANSAR-SAN
SUBJ l~CT: Vertical Rise of a Heated Plume

7. T4 is the virtual temperature (°K) of the ambient air at the end of the
ith interval. As the plume ascends the ambient temperature changes according
to the true lapse rate , pressure and relative humidity.

8. is the corresponding temperature of the plume (°K) at the end of the
ith interval. The value of t.~ depends upon the rate of heat loss through the
surface area of the plume, which, in turn, is related to the volume occupied
by the expanding plume. Ti is calculated from the equation.

i
= (T . —T . ) ek ~~~~ 

f(t)
1 i—i i—i

9. f(t) is the surface area of the plume (square meters) at time t. Since
the volume occupied by the plume increases at a different rate for each Pasquill
stability category , the surface areas are also dependent upon atmospheric
stability . f(t) are shown in Table 1. Those f(t) apply only to the first
20 seconds of elapsed time. Additional efforts are being made to characterize
f(t) as a simple power—law relationship with elapsed time , rather than the
quadratic relationships shown in Table 1.

10. k is a constant associated with  the rate of cooling of the plume. The

value, k — —2.~ x 10~~, was inferred from the Yuma test data.

11. M is the ratio of the molecular weight of the ambient air to the molecular
weight of the plume. Its value can be calculated from the relationship

4533 T P
0 0

r (1.5 + 3626P )

where p0 is the den:ity of air (kg/rn
3) at z0; T0 is the virtual temperature

(°K) of the air at z0; T0 is the initial temperature of the plume , dependent
upon the ambient air temperature, pressure and relative humidity. t0 

can be
calculated from the equation

7680(l+X) + T’ (1.5 + 87l.79P )
T = 273 + °
o 1.5 + 871.79P

C

12. A is the yield factor to be obtained from the empirical graph of Relative
Humidity vs Yield Factor (see Fig 1); T~ is the ambient air temperature (X)
at and p0 is the density (kg/rn3) at z0.
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AM SA R— SAM
SU BJ ECT: Ver t i ca l  Rise  of a Heated Plume

TABLE 1

PASQUILL ’s f(t)
CAT EGORY PROBABILITY 

__________ 
(GOO D FOR ONLY FIRST 20 SECONDS),

A 50% 13.25 60t2 + 350t + 1407

B 50% 10.75 8.6lt 2 + 228t + 1407

C 50% 8.90 5.1t 2 + 192t + 1407

D 50% I 7~ 45 * 4.8t: + 130t + 1407*

E 50% 6.15 4.6t + 93c + 1407

F 50% 495 * 4.5t2 + 67t + 1407*

*extrapolated values

i:~ 1~~L
REC.1~NALD G. JOULES
SF / 5
Methoaology Division
Systems Analysis Office
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