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Shock

nnn. (

|

' ‘ a ; 1 ~~ ho . - a

. | Cox ,&, Meteora legy Cirects Where Eiast twé, ft: Ae.

| C Development for near-greend bursts)
|
'
I

(See also wt-303) Lo.

Wave velecity

= eC ie oes7 Pp), !)
t

_. } | For Petpse: wr CCito42g 7P),

+ . | where BEST AVAILABLE COPY
-. ~ 2 shock ware velocFy

_ ¢ # speed of seen a —+—

[. Pp = peak Overle ressurag:A

rm ! P= ambient air pressure -

A *

b | Diverg ence. rap idty reduces fean Cverrtees f. res 7 2433

Cc

Cc

tt
\

; where K

- c 
  

 

Pp + f pse

E~ fpese

6CO ft feom one ten LAT om gyceme.7

. ~_e om wh ee tan2.7 tec fren eo AT bors ase eT og:

Yr" = Sp. ft. ratee4;(+ PU/p 2 =(r RK /M?) % Rigas covctant
1

38.98 Kk@®

GS. gH K
k

22.07 %-K”*

4t eq Ko

= a@Qir teme

= veleccty

Cerrec Tere

Bs embiont (v8) Mawel, wrt.
kuets f: deussty Rs gas cous Tt.

ft [sec . z)
The (bbe

stat. Mm! Jbr

érature , degrees Keluim 2 C2 + 273

of seynd, stl dry air. ( fomis. ty

x ys Small,
t
\ tas ‘ « e

For humidity correction use virtual temperature

The ensuing develagments assume that ox Cc.

  

7

i Cr UL tose = A tos B CSneli's Law) 3)

: LLNL
whine Cz velocity of Soond .

wu 2 Component of wind velocity tm bearing coms déreae

B= irclination of shock vay from LoviqenT Ls

A= velosity ef wave fyent tnte-rsectier afte  

  



 

. fovea Zeon 3) Comeé. from Fermat's Principle it least time.

* ! SF = minimal
' . . .

: Derivation of egvarions 6) and 7):
 

 

- hs
= Ts sin 6 BEST

_%o
Fyrom 4) A = tas So

and ° .
3 - hi Vo Si*® Se

i R= VirVa COS @s

!
For small Go, tan do %

and

{

|
'

 

R =
thie Go

Vir Ve

4 AiVo

¥, “Vo tan Ge

Go

6 @)

LLNL

c)

‘ ah [Zecause of trajectory tymmerry:

. aR , e

5 | go '"~ = JS cote dA s)

. ; Frem inversion diag ram , to th, Vy):

: h
Vi,

a ; Cv, } Ve GA t an

for ho, Vive;
> (Ye, 0) V Cs = Vo

— Ve Ch 4+Vo

for Ach, yeu }

c,= ee

and View

VF — hk +Vo A cos9 frem 4)

Vv, -V
mo dh oF - Asin ede

ha .
dh= ~vi-ve A sinedé

and 3
bh A

RA = Weve Case dé

143
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R = tan ~

7 Vi7- Vo

\,
R max = 2h ‘4 2 =~,

Cv, - Vo) “1

No focusing

3) Qassymes Small eo. A its imvariant fer any

selected Seumnd ray.

For u = Oloe :

C+ u-= Acos @ © VY +)

The herizontal range of Che shock wave is:
°

(xX = Zz Jcot 6 AA 5)
So

where R= yange

Go = initial ray inclination

h = hegtt of ray froxt above greond

Case ZI. S imple imvevsion.

h
(hv)

(0, %0%) VY

Zh, Ve Bo 6)
Vi- Vo

_2,8h, 7)

LLNL |
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ao, R
For RP ray , oF o (at 72) for Ve= V,

From 4), So

. Y sec GO = Vo See Ge

So

Vv = Vo S@¢ Po

and v

$ ec (Go)nmev = %%

-t Ve

(20) Rmax = ces Vi

and rh, Ve cos! ve/v,

R May = V,- Ve _

thi Vs tan Ba

= Vi = Ve ( 64))

_ thy Vo Cv, 4 - Ver)
~ CVvi-Vo) Ve

( Vir-veh)
= dA, Vi- Ve

»h, CVi4e) vy

= C i- Vo ) >

. Gene ral egvation fer Case in

hy

 

RL wok 4
2 ~ Ver-v, l(vesecta. -V, )*-( Vosec@o Vo") *

Cni- hw) + a +
—_ Wry) [ ( Vo'secteo - Vy")* ~( Vo" sec? On -V.") ]

where xX fies between pond 2 on the V us

tFor qrating ray

For Level at he, X72, $@c¢ Got Vo

h

Pa)

Curve.

LLNL
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: Case IL .

Cha, Va) 1

 

Co, Vo) 
Aah, hy ZhyZhp vd

RA, = sy Cote dh + JS cote ah g) J
hah,

af
.  

Grazing :

=
he
nr
ac
ra
be
e
e
e
d
so
e

R,= 2.8 Me™ Cv wy | iw + bas | %) 5

 

Vo -V, Vi- Vv, i

: Peak at hy: .

x ~— % yx :

' RL= 1.8y, {|Cw ~CV,- Ve) | hy-Ay, } _ fo) fe
} Vo- V A ie .

: | Ake =0; .

- ‘ Rs = BZ. 8 { velve- V2 | (=)“+ —ttbtnch. |) 11) !

; (Ve-VJCVa- Vi)

(Os)aa = tan nth, {verve} backs) 2h, Chy-by) P 12)
ViVi CVo-UV-V)

LLNL
L “T his Gives focusing , with bounds set by oie

‘ foie of R,, Ri, R3.
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Sample calculation: Ranger Ga , Feb. 2, 1951
o

(This shot broke and remeved Large plate glass

Windews in Las Vegas,a distance of ~ 65 miles)

Las Vegas heading ~/355°

wiad

 

 

 

; _P hNSt hgnd t dir speed uw K c V

o 20%mb 4000 ft Oft 100% talm O 263° 6F3kn OTS ken

. 855 S700 | 1700 -21.5 180 #ke -28kn 2705 CHA C37
TOO 11900 79700 he 290 30 27.2 2746 C#7 74

SOB 210390 /?e30 -17.7 305 45 #4 255.3 623 667

-70°Xx 20

ic

1m

aft

8

+

oO i _-. A A i. i

1060 joe@c ise¢o ude Hea 11ee 1t8O

V, ft/sec

from 7), Lai (VitVo — 2+ 79000 1307) Fn ($£B00- Fed _
Rmax =  (¥, -vore ~ Cal) = ot = 84900 ft

~ = /7 me.

For 26): 3

Vit M40 ft/sec

Vo = 1070 ft/sec

Ah, = 7900 ft -

| Re = 6CS5mé . is

| vr =to.8 =

|
N= ¥ queen...
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Case rE

|

Chs, Uy)

en,
|

(bY)

| ne —_

(0, Ve ~
WM oy

| Apex at hp:

| ' - ;

R= 2.9V*/ ha-by A Cv,-v?1% . ’ iy + ao Py 4 3-7 Ai Vi-VU)

(V,- Vo) * Vi- Va V3-Va

Apex at hy:

. y ;

Ra ® 2.8 vsf[ Gaul 4-1)"| hy,
Vi- Vo

\ ‘

+. [vealvenu)” | Chi -h,)
Vi - Va ,

4 (Veen)Chs-Aa) \
_ Va~-~Vr

|
; For Ra: Find CO0)min such that:

hy -| vaste || _
V- Vo Vir Vo Vy = Va

Vi- Va Vs- Yo Vo”

| 2 z -K
+fhaa pAaaa| -(4 - ) cot (2-)nis| =-=
|

|
|
|

O

13)

2 -4-
Vv -_ ) cot Coe] ;

Vo. is)

LLNL
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Then: _

SL puelee ne”. 1140 (ih ff 6-8
: O°4$ 2X10 e LL4¢ LOfo Ay (1-3), +f 48. ore

! 41r 7900-18 b,$4"+4098 6S$290 Ke | & 2 eS
a — _

Lo \ _. -7x1073

from which

F= 42 Kot IY

p= f ps 3x10 KILI x10 £30.49 x 4, nue! | *

2.3

= 2(,s9x10° yt = 2X 1260 = 2520 uh

——_

‘Tabslar form fer cemplicated cases:
1

Column Title

i Level (j)

Zz Height (hj)

3 V5
_* Vi" = (col. 3)”
5 hjer hy = Acol. 2) |
6 Virt-Vs = Alcol. 3)

! 7 col.s /col. 6
| 8 Vp —Vj* = (col. #)p — (col. #)j
: q (vpt—vj")* = Ccol. 8)* LLNL

lo A col. 9 '

| rn (col. 10) x (col. 7) -

!

The total horizontal travel distance /s ZF Cool. nt)i . >

| See peje 7O for ¢ a6)» 70 form. ‘199 a

 



  

1o

a : | 4“ ;

Lo Then, -if this CO.) mix is greater Chan Cos “V3 : |

[
= R, and Ri qive boundaries 2d:

= ' - | Vv; a

a ; Lf €@.)mu is less than cos “V3 the feeesed

p ,enevay Lies between Ri and Ka , where |
! :

F | |
; | _ . 2 . 2p 2 {

. Rs = 2Vo hi tan (66) min -| + Arrh, Ip (0)mix 1] I
= | Vi- Vo Vi- Ve Yi- VU , Vo" |

= 2 TS,
} 2 . [ ,

x +fk tacks || COe)nin Ya | } [c)

LC | oLV-va V3- Va Vo
{ .

Lo a

_ | This gives focusing ever a general nerse field.

i For complicated Cases: 4

- | Let subscript j represent the jth level . Then, «f .
| ip is The Level where the ray (s horizontal : j

= ; y= Pol Ly "ta yh 4

a | Xp-Xe > F [tibill( Vp- Vi) + (Vp -Vj31) | 17) r
: Viti - VS |

l _ where Xp-Xe is RA, for this particelar ray.

I .

! DF Wie Fe VS
3 .\

. Xser 7 X7 =Chyer- hj) cot Ojn 2 Ch jain hy) Wie TEp

on ( Vp" V5: ) 7m

. | - LLNE st}
} : Use Rove VY eurve am i

| |
. Vsec9 =Vos¢¢9o ( from +)) a “I

_ to find V's fer Level ray. : 30— -
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Criyatieon ef |

The euergy passing Lhroogh an elemental. area of angular death

46, ow the syheve at latitude ang/e Oo and feng tode avg le Fo:

aw =

frow which

W tes 90° $44: £280 it

e

ir R ar
g. @of:.+# see oe x 19)

1 Shock wave time of areal WtrOKT air besst
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At sheck wave breakaway time CabooT toms , Rrzocft)

the chock wave

Sf anct Voge (yds)

velaccty is about

S00 Bo0e

/S,000 ftps-
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. : ‘ an5 For

Ghenes
1%

z&
Peak-tepeak overpressures of ~ Amb will break fare plate

glass windows .

G enera/ eguation for energy density :

where

w here

A Go
Fu ste GR.TR /9)

— = emeryy Surface dews/ty

The same at (5 mb will break small windows.

W energy release of blast = Arp x10e698 FronTHT

R = earth striking distance

Bo Never lavge -

= /sh at 29)

Po = peek-te-peuk overpressure = 2

5= airdensity

V = velocly of Shock wave

t time . .

The integration extends over the Signal duvation &,

Lfa simusordal signal is assumed:

where p = peak-te- pak over presswe.

For ref lection of the wave on a rigid Suvface ,

peak-te ~peak overpressore 45 twice Chat given 1m 22) -

f ™ ( Rems ea = _PesakT z!)

SV kFV

p = ele Srv Jy)* ee)

LLNL

y

r

a3 to L4 tens THT , @ good apprewematien fev T 3 sec

(For veuision ef above, see page 2/) ( 2)) ‘
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bE

Case I : ( Simple inversion)

For R <R max; from 19) and 6):

F= wilvi-vWo) 23)
417 Rh, Vo

In general :

" _w_ . Vv, -Voe wo » wot

Fro= arep’ Move (ler tS te toe) zy)

where Re = distance of concern

Y= earth reflection coefficient ~ 0-8, depending

. . See PS 21 upon terrain

then . e

Ns oo

— Ww . Vv. = Vo v mI

Frota ~ 4 ky Vo RE Z. n zs)
nee

——- . ‘ RF

where N=Fegral per tien of /Rmax

for calculations ! . .

n=

Fite = _ WiV-bw [+ (1-) +o ae)
47 hi Vo Re r ne; 7

If no wind ( inversion only ) Re < Rmax> ,

p = so [ w(T,-To)kph]* wh

w here w = poun ds TMT " LLNL a

T. = surface temp erature, “C. ‘2

l!, = cnvevsvon level tems erat vre, 4C. =

R+ and kh, in feet. os

For Re 7 Rwax see reflection coffer ent aplicationin 2)

(sg

 



ze ~ ah = “

  

  

bansEeeBoSee eee = late Sigce eer A Eos et By ep gereto - — .ee an pene TOEE aA Sowa i RR eki ea EeReaTe ts SN,TTSORRFaheea*
a - a

a Mie . an : P; . -. Se . ae 2“. rs ey om 5 ; we ;

; atceaiaeaihill 5
—— — a OO aee — ea oa

—-

Derivat ton of 3)
 

 

 

 

 

pe : a )

. | dR = [(- se. ] cos Go dh

fs
| fap 7 Ad z Zz

Kien ~ Xe F oi‘) CL (s)- ale-[3.)- View | }

4é

° | (Acee- hi Vf » Ve/cosdo ®* Ve fin Oo/Kcos'@e _¢ Same 2

: } | $4ie Veer=i) +2 NvVpe rs +NVp? — Vine”
. | +

bi |

.P b4ee ki Vv, *sin @° — |

i | -Z sien- alYa 3a G Vp - Vig ” Tee ) ]

| +t:
2 ; Voptcvee Vv
| tin Oo * “Ne ¢os Go = %

| :
: . Vp?

\vp?

-v,*2*

‘, Veocm 6°Las Be =. Ve

- ;
- Thus 3)

. AR

. _JTabeular crm cr 746 nzO0
i | oom

Column Title

{ Level (c)
ig te Re : .

Z ™, = Veete Ve

3 Vp *-vit (20 fer Vi Vp)

4 4 (3) (= +)
; 5 mA ~* !
Fj Vet ( Vp* -¥, Jt

4 . - © Vo 4

7 rElco/ s)te ec) = (Che), =6
H

1 - LLNL
: ’

! 2
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Eguatious aud Technigoes m Blast Fovecestivy. 4a

—_ (Jack Reed)
- =4

- For bursts (nuclear) at or near the qreun d. a

r Wt r* aes tL .

P= aw "Ry * (aH (52 )nzo )* ) 1

| | !
L P = peak-te-peak over pressure im KB b 4

WE yield iu KT: w Bl 4
a = 1.65 x10’ mM
b= 0.37 i
r re flection cocf-= as (Nevada Aaving Grond)

x= Tut th, —~ 1 -

Re = distance of Canlern om miles,

r lavge fer Smooth +terram small fer reogh terram .
4

a

Fe
a2
be:

i.-
F
aeae

|

:
|

- where

. \

:

|
|
|

|

ExperimentalL pressure periods:
|

on
Pa

ne
=
p
r
e
d
i

e
nv z=aWws 2).

where ) a" hR for IKTEWE OKT ie
» a=d0.¥ fer w £4{1(T h

W = yreld im tous TNT for +) : KUTWT fer ‘) a

Fer any situation:

 

  
2.AR Vo YUseavee hiss hi V(t tt _

(33)= Neate hs Von -W iG Vp* ~Vees Team) 3) 4 aoe
e*e im_

4

where Vp = shock wave speed where ray horizextal =

Lune 4
For a simple inversion; Re S Rwar - ae

} "lim
-~ Ww Vi-V . t

ln

_Ci-r) ‘ :

f- Fr hve Re r (See 4), pg !7) oa |
3

| dyne J/im> = Pub .
[ab corresponds to t2db over hearing thresholdGczmt], ©

. . - ies . 
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; Fer 2), 4) #5) ,use 3D fvem g raph below ,*eo matter

 

jpwhet Wis, them multiply egvations by

\f

a>| és 30

| 140 |

, Ovratiow Lt

 

 

 

pesitige Phase a a

} 30 ZZ ,
i

 

| L (Freeair) a

i 25 2

ia
[77
1s

‘ oc 3c0 “re seo eco ico Feo Yco (ove (les 100

i ! Slaw Rey € 1 yds wetky

             
The Modification works apprevimete ly for q round buvsts.

|

Fee an ar burst

| P- 1RsrvY#F w in kT
‘ « a cece

Pua PSr

je + Secyds

- gsc (Y
P= Le sg w kr

} : : ~ Sec

|
|
|
|
i
|
||
|

(CO Psz
r LLN

! R yds =

} | None of the eguations given hove ond

- page 23 Seem to account pow thE suer -
: fresseres es footed mam TM 23-200, BF os

3 prebs bly py Wee BA {$7 
 



r= piso wt |
==

—

!)

w have Wz ye a ergs

| 1183 f
, P= seywe ( Shot ox suv face ) 2)

, re

|
where W = yield im exes pounds TMT wf I teow.

re distaace mm mile

P = peal-te- peck pressere ym

( hom 19 0 neers Atwes pheve?

ab.
This dees not accourt fov change of @uith time.

Sound traveling cuter biPfevent paths will have

 
  

|
\

|
|

|
|

|

|
|

'

different transit tomes ond result tn mere thee

one “boow"’, This will be the case whey winds

_ Q@re Presextt

| Fee weet € Ground buvst )

Wie los

| p = rw wiles

| 3)

. Eo On air burst ; Ww 2 (KT

- te
| P= £F2 ws Win Lbs
! ir rt me mils 4)

! pone.
! P LLN Le
: p= G07 X10 w 3 Wa kT
| YY rue miles s)

| P vn nu

ifor DO BO600 f+, See ;

atint(-e)- ezaw?(

  

  

  
  

   

ws
(98

“we

plied by 30

o~ (kT,

 

he above 3
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Precerser Effect TM 23-00

C oct. 1952)

For relatively Lew burst heights ; 4

1) Favth absorbs much therwal enevgy J

R) Surface rapidly veaches several thocsend degrees

3) Suv face on dergoes txp/esve deconposs tion

4) Decomposition preducts expe/les te serface arr (100')

[ s) Surface arr lay ev absevbs vadsent energy

As a vesult of these enervyy transfers , esther

independent of ov ™ Conjunction with the icedent last

wave:

() 4 Jvecurser prvssvure wave ry eyed

. 2) z+ precedes reeiden? wave along the Surface

3) Preks uP surface meatevial

4) Tuv face matevral fed imto Fe Mlowiny incident

ond ref (ected Wwonves

Resetting 1% ™

1) Lowyev rise times se warn shah wave
e¢ at a

>) Lower peak pressures "

The effect disappears at some critical distoncre

wed sheck wave vesumes its norwel shape. |

Stahix Laws and mechanism cnkuewwaliney
Fov ')dvy, dusty soil

2 Wamnal bomd burst

3) burst herghy Logo’ ;

the critical distauce 13 r500!
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; Development of precerser effect unknown

fer other tervam CH ditions,
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Fran k Whithy’ weeld expect a Precurser effect fer hovit on

water «as well as on land.
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| Frecurser profile - {
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|
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Tre precersor exerts @ Jorce novmel te ts Serface (yreerd) t

5 This results jn more damage Than weeld be expected :
Lom moveable o byects such as Can kes.

x

s “fr

- |

The préterser will poreceed erty as far 4 strew t

Aeatins has. O€Cvred.
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q | Case xX. Explosion in the Arr, |
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I : Vo Vs 7,

Ja : Rmax = hg ( Vive )* ) of

f | |
I Energy strik ‘wp the green mn the dSirechorw of af

- taterest 1s contame! wrthm the puta! ary le t

|
' _ v “ i

| “7 cos ( ve) 2) .t
|
a t ~= a

| | This theor- will hold fer rec eiuing Stations 4

. Located ot qr eat distawes with re spect to AGB. 4

| ! : fi
| Case TD. Explosion i the Air. f 

j<—___—__—_ RmaxleSilence x

:
\\ (uy, ay) 1

;

  
   

|
K——— (21) mix ; a

|< +: v at tT

sitlectiows ° LUN 4.

| a
| | Ibo 3
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PORTERO Naa SohoSeee NOIRE NGL Tf PS eens ere eee +

_—_——- 33

Energy 3tri keag the ground 2vce ts Chat swwcle ded

re the angle

% + cos! ( “Y,) 3)

On ly that meluded between +6051 ( var, } and

— Cos”iC’"AN, ) ‘5 repeated hy re flected.

Rmax = vittve L ( Vi 7. Vo")+ ( v,~ - var }*] +)

Fey rays which undergo repeated reflectors :

: ‘ ’ ive ca z
. ! rR first strike = Vi- Vo C ten Bo (secre ~ ta: ) ] 5)

|. | where + qoes wrth rays startevy re the yprr gods

 

- | : After n_ rveflecttens a ray ‘tar tong m the

r Lewer je dront Lands at

‘ : hiVeVe ;

+ Ru = Vivo [cansiltaee- V sec”Go md a)

| (tar 60) min Ry = Ve — Vo . ent 7)

2 Vo V antner)

|
t

! | |
| Cw Jamin = 2 h, Cn (ne) Va" - Yo?) | * 8)

V.- Vo

|
| veo zones of silence “ill rust, where ® 1s The kewest

imuteger Satishyrup the imegestity .

  » ¥ Vg*—Vo* V ntut) 2 Cpu) ¥ yt-Y? watv_4ve 9) .
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Case x. Explosion in theo air.
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‘ aa Me ~a OM
Rays with +¢ces ie > 6 = -cos'' Me are Channeled and

wNever s trike the ground cr travel higher than Ap.

Downward 5 tavtivg enevgy” w hick strikes the froond

imetrally ‘s contared wettis the ane le

v,
u% ~— cos! Ye

- ~—e _ Veg - Va .

E& nev gy = veh thet = Cos N02.BorCos ‘ “An will

Undevao reget. tive reflection "

OF the emevgy start my up wan d, tht fo ue bich

cos | “Me 2 Co 2 wos “Uy

Stvikes the ground cu d ‘J vepetively vet lected.

Face sims takes plece-

Landing distances: LLNL
) Oo = ces Vo , after n reflections | .*

R, = WO Rida ay put + hel Yetve | io)

" Vo- Ve

 

Ry >

 

   

    

     
  

   

  

   
     

  
  
   

  



 

»
.

o
b
.
a
L

-

B
o
e
r
s

P
E
G
?

w
i
e
e

1

we
e
e

~
—

O
S

LLNL

e
e

a.

 



 

 
   

 

after wn reflections Z

Ry=  wCRadey ia pu + he TE~ VG? we| Ht)
Ve-V,

- Vv .
3) Po = ws ' Ne af ter n reflections :

—ky[va™| R3 = Omer) O Ride, q) pu

Vo-Y

4) Oo = tos” “Ny after w vef lectioxs .

| tL
Re = (ner) Cede, to) pu mh [ “¥e"| *

! Vo-V,

Case Iv. & xplosiow in the air.

 

 

For he® :
- Y,

DY Go = ces. "ve after n ret fections

2

| Raats ( Vv: Va
‘

' 2
R, =( naa Ride, 9) pu = Wa- MK )

\
\

Vv,
| 2) 60 >= cos” A,

hark 2 +

Ri* (n+ Z)(Radey 10) pu —~ Va-; (vy; - Vg?)

v,

3) 6.> cos" “te ¢ apex hp) after nw reflections

| qi ho — he 4
. | Raz = (m+ F)( Rie, 1) put Wz, ( Vet- Va") *

(2)

14)

( apex ha) after reflections
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|) Go = cos an ( apex hi) after wn reflections

i kiStem St. L 4+

Ry, = (n+ 5) (Rade, 1s) py + se Vi Vi>- ve")

“For he:

; 15) and 17) valid

Replace s#) amd t6) by:

Oo = 0 after wn veflections 
Rg “Cosd)f|a rach VeVi)"ha (VeVe

Ve-¥, V>-V, ,Vo-V,

, General ray priture sumilar to Case TO.

—

For a roy tracing method

i Rothwell, 2 Td.
°4y

| Dawage: air bursts.
 

Fov Case XO peye Jl.

hy Ye va

R = Vi~Ve Ve tan 6a-

thos

4T Rk»

Neav ground Zero: Sam Go I

as a
I Smear = wr %)

|
|

! Wisin Go Cos? ee Vg y+

| F - (4)

|

13

using reAoi3 see.

DO. Acoust, Soc. Amer. AL ) “205 (1947)

 

17)

18)

(7)

vg +
ra se 68 -1) j +o)

LUNL 21)

R
cos Fo & hg
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| Ree-sheot WPCG

Sim Gy Oo, les Go |]
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- at (ve) BE

(I+ ¢ 0.6 Tow

way

TNT  presseres.

23)

Rovyhty : Shot sofeA if p below aveveze , danyer if above avivege,

 

 

        
 

 
 

 

      
  
  

 

         
 

Lh tow THT , Tropeshee
Pub Orvst once, miles

Distance >| 37 ¥/ 77 PL ta 7/ 17 135
Pwo —| 195 743 767 24 HO 22 re 17

Prmm —>| / 6 7 7 / NS nd O.8
Pai. —>| 30 /S Zo GF | 30 7 /3 w

4,2
te TAT Deoneschere

Distewe >| 77 7/ EF Wt 99

|

13"
Pmoar —> 4 5 (a [90 740 @o

Pain — hd he 432 T 48 0.6 O,5

Pane lL ws 4,3 BS 7 c 1E
, . below

i t— Party sencaphere $nb

! CL +

Distaneo| 24+ 37 67 78 f/ LF Ff 97 135

Pmer >| /¥ 7] § 6 Ht {2 £ “F 22
Pan | #F | 43 1as 147 107 oF oF aUZ7 oF
Pave »L_? F 40 48 |2.0 ho Za 7+ 4.2

| Trop. Trep. Tree \Sozeu Boru, Pun , fern Pern Tien:

At 135 mm: LLNL

Tropospkeve sound tral lime ~ CHS see.

Osonosphere . "~~ FBO Sec, 5

Lonosp here te “~~ Yoo sec. ns
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Stoke's Law

r= F(A MF- em Crt AP) 1)
where

uC vate of fall

acceleration f graty
radius ef drop

coefficcent ef viscosity

perticle Sensi ty

r density

w
e

a
a
1

fn

“
h
o
w

L Heom free pat

A = €>pew: mento const mast | important fer L2e

( See Millikan, “Electvews,Prct., Pret, Meuk Nesews, + Cos. Rays. “yople, trwes.) j

L= incafz (= A) | 2)

w how

L = meanfr poth m ow

n ? Coeffics out of viscesity

P = pressere ima b

P = absslte fem.

M = melécular weight.

oz |
It - £4

7%\/

7 3)
- to + “eR Wl,

where

% = cee fficcext of viscosity

CF fs fer air LLNL

F = absolote Temperatere —

o _ —#
For T=25%e ; Y= UP4HS Neo cge
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me OF Fail Cru ata,

_beexed wage @ IT v= 7™nn Lv mnFt/ we

t 40006 Loxe £19,4 Temp. Suvfece 25%

a JS,000 (AGO RIO 274.1 Temp Trepepeuse ~ 60%?

3 34,accl-SSPK'0 [134.7 Height Trepepause 46, ccry,

; + 25,008 Iwornss'bbs0.2 Par ticle densify 3 gen?

: Ss doce MLbHAI0 Myo, Steady temp. fou-off Surfaceto 44ocec!

. 6 (Sdac CHEK? 7S

7 (eee Wi76Fhie 13-921

8 Seo 1. Ppoxio +417

Level Tep eas vehs ene est ros rains) rons des ease pee ents

i Hoee| 34 33.5 19% 192 843 P97 13350 7540|17#00\F3600| 1639

2 [3saeo 1,29 32.2] 727 126 330 707 |3230 |7174|12900| 51700|) 570

3 Seooe 4.24 30 Ld 17H BIP 77L 3/80 16970 (2400\ 49700 520

4 hspco| 420 [300 [120 173 307 752 [30/4 [6770 (2000 Heo 1472

x dooeo| AIL 129.0) “bh oF 1729S 1723 2900 S30 // 600 44300 [410

é jseoo) B12 128.0 172 162 beer 7ed 716 [6334 1/200 |44900| 13P0

7 lwoee| p07 {27.3 |rop |esr love low |2736 eryo s0900| 43700 1740
? 5000 oh |HWAS [106 {SF _|P7/ 66S [AOSO SF7O 10600 42400} 1300
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Values ef w- aye giver fer Shekes - Cu wwing hae eycotien mm

the Chemeal Engeweer's Handbock. They do wet differ mew

tan ~1e%, fre tHese calculated fvem Stekes Low.

(Zrewnion effect: Temp. 90'°E , ar.

 

Pav tte le Seze B rowntex uv Stokes uw

rf }

-. : : O. ba 29.4un /sec M1)Jee Joee
“. ' OsSue (4 La/sec jG. 3Ou/Sec

- ! 1 Olu. FUse] 3 On Cae/see
|
!

Steke ‘shew commences te fact Semewheve <« Seve (OM parte te She.

_ | . .

. Erom R - 2517 AEc 3 (Used in foll-aut caleelaticrs)

gf o* ~0.656%1, 2X
r= BS Litliee ro.ssee Fr]
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|” Critera fo Fetere Cowtivente/ Uo " Cfrem C14 -5808)

 
| Peak Lufinsty Dose Cvof 2) iP :

For shots on 300 f4. towers: (NPC)

| op - ar t) .
[ | wheve

3 D = Peak infinity dese «me roentgens

‘ : | wz Yield in kiletes

f Avs diffevewe im wad speel between cloed

L tep ond 1Q900 ft MSh in pops keucts

L Ah= difference between effeetive cloud

height ( Soe ft. below top) anl 10,800 ft. MSh

: im KRilefee+

L . /t000 ft fevel chosex as berxg above Yeir-ramn

effects aud Light and carieble Lower weeds.

Record of “ove tron applica tie» ;

 

Shot —> TS~5 7S-é6 |7s-7 Ts-el eked |Uk-2[Uk-c fUK-7{OKF

Yel, kT —— 1/3 12 17 771 1 134 127 | se 32

| Max, Speed Shear, knots —~ bo | 3o bs Po] er [os [57 40 |x a
Mav. Director Shear, degrees © #o (PO Fo 420170 PO £0 +o 100 ;

. Speed, cloud fos, fuots ——® |s00l?| IF S80 4S 70} FP HC HE 77

Speed, socce ft. MSkb _ bnots —s 75 {0 1s” Fo 2S fh 15 \|7 +O

Effective clood beight kf. |2t 37 30 137 37| a7] 32 27 139
Measured dose, R —_— (is) (3) (6) (3) G Ss FUSS [ts

Dose, egeaticm , R — 70 2+ a0 BA 160 JAC 26 MHS 126

  
           

‘Te accooxt fev BV =o a small (very) constant

tevm  shevid be added te 0).

Pre diction accuvacces !

Nell $ 20%
 LLNL
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Tmhe mest Crs tece / da; nection ‘s in th e breyten

between 54. George and Cedar Cty fo the wertheesT

and Las veges to the Seutheast

Cc fey d Hecyh +

At NPE undev vseal cen dtiows the cleo do wet

reach the Frepeparse fer W 2iekT

Fer IATS WwW & OKT;

- hy = /7 #216 X, -5.43 2 +a3# Xs 2)

| . Fer lekT £w €30KT
|

x, x x.
' hy = 42 + “VB - 4a - (Heb 407 Xe 3)  
: where _

h.= height of cloud top in krlefeet above burst herght

hy = height of clovod fep mn hile fed above MSb

x, yrell sn khiletens

Xo = Dean lapse pave in Segrees OC between Goo

and ¢00mh faken at so mb pn ters. (°C/be gto  
Qe Xs = mean wind speed rn kwots fren - buvst AE

: _ height te esti mate! tep of cloed Cr egeires 7

; Suv ccessive Ufprexr' Marien 4

: xy = forecast hecght of Trepepese im kilifech . EJ
=t

3) agptes (ff » predets above Trepeaavse, m

which case 2) 1s not applica ble. ~a   
.
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Hot —-Spot Ferecasting. Jit
 

from mean height of pest

Have in pest fellowed 125 particle dewmwA Preseut

| Cuidewce indicates (Let ray be too Lavye. Size may

be «a ferction ef Speed pracdient cf forecast winds.

In fovecest us hot-sect, favor ne@ay edge of range
|

! if high speed preset , fever fer ego of ramye

! if bow Seced pradiout.

|
|
|

A vevage vamge ervey -~ (2 >} Crcleswe -/ ferecert

Hvevene divecthe= @rvew = 46° wie d ¢vrevs.

A vevay¢ Jevcation From fewecast wend direction > rye

Avevege deucatiow from fer ecast wind speed w10?,  
Pre b lene 13 beins studied by Dr. Machta, USW GZ,

~
Gernaval Tomer Shet Couclusiores

; Three kT has nevev Given more than OF 3.

Weather is move import awt than yield mn

effect on D. .

_E& tfects of Buvst Hees tet . . '
 

Ie the burst ¢s off the proond (fireball does 4
_ met reach preend/, off Fife contammvation +3 2ere |.

\ or b-3 mMagnifedes down ome reewd bursts. x

f pes 7 |
. ~ LLNL +

i! ~ | Mate effect « amount and time of ground

!
|

|

  
mixing with five ball. 2

| [¥6
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oneness 83
: aaa -Semaine ag. a

, 44]

; flazarh ‘AS 3 a Perm , which when com bined |

with weather data, Shou// yreld D. Lr shold

have (oe Sharp threshold at fireball redius egeal

Te burst hepa, tf

| Hazard consists off two Terms , one reselting |

from the area of rmnfersection of the fire ~
| bball with the ground, * the other with the 4]

! area of the “thermal explesien! Cacd 1s if
_ipreper tivxal To the aprepriate area and je

| (muersely propor towel to Fhe mean 7iMme of
( Mixing of the Socl wethia thet area,

i a) I utersection term:

A;= wr* +)

where yt R — 4* | s) ii]

R = 450 ()” 6)

wheve W = kT id
(R= feet i Thus

At = (450)1$)2 1 1- (AY(42727)

when fhe fire bell reaches the pround, hE

mean Time of mixing is elem Fo fe 0.01 seconds.

: , ; ‘LLNL
The natuval intersection hejard ‘s Preportional

ite the intevsection Rredm rfvon, the yreth,

i and syrversey prepertioua fo the THixr*g time
| 1393
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Thus: .

: of Ww & ~h_)*/ 20 de Fe

\ Ni = 6.35 X10 (¥#%) [i- (x20) (#)3] 7) : it

: x
TheM is Zero if the fire bail does net pouch a

ithe greond, Thus: |
. a

20 !

(#5) ( w) =/ 9)

{

4 

a
e

2) Thevwal tevml small compared with Me)
‘ [:

og. | . Hu
Sice it (s important only 6 F& No =O, oF hes iit

been Computed only for hA2e\. tg

| Thermal enevgy /om* C distance Lv R)

, kk
! Qu® FFI 29 Lestat Voy & to)

cos G = "1, ti) ,

~ ‘ A VCR of th Crma/ oxP/os/on “s th at area

. where the energy @ Lsorbed 7s greater then I

ov eg vat Zo sO Cal/cm? For nevmel 4

incidenwe Cees >t om heh) this so ceb/an® My

distawce from a F0KT deuce (s 6000 ft J

. (4000)
= @ 22 /2)

‘
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; And

| ($3) ts x( 6000)” =/ 13)

| atersection radius | LLNL

| | St akEL ta) a
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