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M. John Greenewald, Jr.

Dear Mr. Greenewald:

T]:I]B 18 in response to your December 6, 1996 Freedom of Inform: ition
t to the Defense Technical Information MQTIC) which was trang
Defense Threat Reduction Agency (DTRA). Because the record th
f potenually concerns weapons of mass destruction or could be related taw
- security, DTRA forwarded it to this Office for review on June 5, 2003. ﬁa
~ document is responsive to your request, for the document, “AD 341071,
-~ (U)”. Additionally an information sheet provided by the Department of E

~ also enclosed.

] Mr. Jeffrey A. Zarkin, Director, Document Declassification Division, O
- Classified and Controlled Information Review, Office of Security, Department
- and Ms. Sandy Ford, Deputy, Freedom of Information Act / Privacy Act Office

- Threat Reduction Agency, have determined that the release of portions of ﬂnls
- must be denied pursuant to 5 USC § 552(b) (3), which applies to information §j

- exempted by a statute establishing particular criteria for withholding. In this in
~ statute is 42 USC 2162(a) which provides withholding of Restricted Data unde

- Atomic Energy Act of 1954, as amended. Accordingly, this mformatmn is d

- pursuant to 5 USC § 552 (b)(3). |

If you are dissatisfied with this action you may submit an appeal to thig
~ writing to James Hogan, Chief, Policy, Appeals and Litigation Branch, Office ¢
~ of Information, 1155 Defense Pentagon, Washington, D.C. 20301-1155. Your:
~ letter should be postmarked within 60 calendar days of the date of this letter an
~ cite case number 03-F-1599. Inasmuch as this completes the processing of you
- I am closing your file in this Office. There are no fees associated with this respe

-
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Enclosure 2 | "f’ﬁﬁ 700 | 3' 73 0000
01SA20C000018-BH

Information for Requester

Pursuant to 'Il}itle 10, Code of Federal Regulations; section 1004 6 (10 CFR 1004.6), the
Office of Nuclear and National Security Information (ONNSI) in the Department of
Energy (DO I has completed its review of the document responsive to your request. This
document, located in the files of the Defense Threat Reduction Agency, contains classified
information; t#:erefnre, it is provided to you with deletions.

|
Title 5, United States Code, section S52(b)(3) (S U S.C. 552(b)(3)) (exemption 3),
exempts from disclosure information "specifically exempted from disclosure by statufe
(other than section 552(b) of this title), provided that such statute (A) requires that the
matters be withheld from the public in such a manner as to leave no discretion on the
1ssue, or (B) establishes particular criteria for withholding or refers to particular types of
matters to be withheld . . . " The Atomiic Energy Act (AEA) of 1954, as amended,
42 U.S.C 2011 et seq., 1S an exemption 3 statute Sections 141-146 of this Act
(42 U.S.C. 2161-2166) prohibit the disclosure of information concerning atomic energy
defense programs that is classified as Restricted Data (RD) pursuant to the AEA. The

portions deleted from the subject document pursuant to exemption 3 contain information

about weapon design that has been classified as RD. Disclosure of the exempt data could

Jeopardize the common deferise and the security of the nation.

To the extent permitted by law, the DOE, pufsuant to 10 CFR 1004.1, will make available
records it is authorized to withhold under the Freedom of Information Act (FOIA)

whenever it determines that such disclosure is in the public interest. With respect to the
information withbeld from disclosure pursuant to exemption 3, the DOE has no fiirther

discretion unde:jc FOIA or DOE regulations to release information currently aﬁd

properly classified pursuant to the AEA.
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Pursuant to 10 CFR 1004.6(d), Mr. Finn K. Nej
- official responsible for the denial of the DOE ¢

-
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e agencies. Judicial review will |

or in the district where: (1)you
. or (3) the Department's records are
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Restricted Data @

Fireball Yields (U)

LOS ALAMOS NATIONAL LAB NM

17 AUG 1939

Notice: Only military offices may request from DDC. Not
releasable to foreign nationals.
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Redistribution Of DTIC-Supplied Infc 1-:-1- :

As a condition for obtaining DTIC services, all information received from DTIC that
is not clearly marked for public release will be used only to bid or perform work
under a U.S. Government contract or grant or for purposes specifically authorized
by the U.S. Government agency that sponsored the access. Furthermore, the

‘information will not be published for profit or in any manner offered for sale.

e

We use state-of-the-art, high-speed document scanning and reproduction equipment.
In addition, we employ stringent quality control techniques at each stage of the
scanning and reproduction process to ensure that our document reproduction is as
true to the original as current scanning and reproduction technology allows.
However, the following original document conditions may adversely affect

Computer Output Microfiche (COM) and/or print reproduction:

* Pages smaller or larger than 8.5 inches x 11.0 inches.

* Pages with background color or light colored printing.

* Pages with smaller than 8 point type or poor printing.

* Pages with continuous tone material or color photographs.

* Very old material printed on poor quality or deteriorating paper.

If you are dissatisfied with the reproduction quality of any document that we
provide, particularly those not exhibiting any of the above conditions, please feel
free to contact our Directorate of User Services at (703) 767-9066/9068 or

DSN 427-9066/9068 for refund or replacement.

Do Not Return This Document To DTIC
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ROTICE: W%When governoent or other drawings, speci-
fications or other data are used for any purpose
other than in connsction with a definitely related

WOTICE: | -
THIS DOCUMENT CONTAIRS INFORMATION
AFFECTING THE RATIONAL LEFENSE OF
THE UNITED STATES WITHIN THE ~SAR-
1'% OF THE ESPIQNAGE LAWS, TITLIE 18,
U.5.C., SECTIONS 793 and T94. THE
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FIREBALL YIELDS

Yields have beesr calculaled fox the 10 Los Alamos Scleatilic Laboratory (LASL) shoty of
Qperakios Redwing [rom freiall radius-time data. Theae data were oltained by Edgerion,
Garmashansen, & Grier, Ine. (EGSG) with high-sposd motion-picture pholography. Zero-frame
titne was determined by conpariag the frebull diametars cbtnined from the otlon-plcture
flm with the diamaeter-tims curve given by the Ragatronie plotures.

The principal wethod used o caleataly yiald for Cperation Redwing was the method of
Bethe and Pachs,! ia the form callad “Qiftereatial method 11, develiped by Blnmbarg® I this
IMIH:&IIH the D 704 compe or, the yield K is given by

(%f I6-1 Eﬁ o

whars R 12 13 abock radics 3t time ¢, p 1s the amblent dansicy of air, ¥ is the ratls of specilic
heais within the fAreinll, and

143 n

e YT

Equation 3 1a the mass term in which the constant B, in the radive of that sphare of ambleal alr
which weighs the sarme a9 the excen mang, and & is the logarithmicslly sversgad distancs of
e mass [rom the cinizr of the explosion, This methed of trealing mass assuman that it 1s
distributed with spherical symmetyy aboat the cunber of the anplosion. Eowyver, the achml
disirisation of ihe maxs, pacticelarly in nrge s'wis with big shields, ia far resspved from
spharical symmetry,

The calculation of yield developed by Bivssherg® becinden 2 mothod of ootimaliog valus of
R and R to be used in the mass term (g, 3 \y varying K and R, witl the yisld over a large
rangs of the shock radins R becoes most neerly constast. As soted om page 31 of relerence &,
the amount of mass given by this precedure dosn sot always agres with the assnest of mass
knowa Lo be presest 1u a simple Jiteation suth 26 aa axplesion of an sirdropped spherically
ayetiric weapom,

For a suriace shot the rading of the hemispherical firehnll vas measired The rading.
tinw dala were waed ia the varions expregsieas for yield, 2ad the yleld tims abisined was wuiti -
plisd by ona-kall to taka !alo acosusl the alfiect of the surfate.

At Eniwetok, in the abosnce of computing-mashine facilities, s dsak calcvlaing was ans-

ployad & fipure the yislds and & sicglified seited (callad “SifSereniial mothod T™) based on

B 1 was used. Ia this methed the frednll sadine K was plottad ve time, 35 given by RGAG,
and the velocity dR/dt was determined praghically. The reciprecal of the quasticy (y-1)/y b»
Eg. 1 bad been delermised empirically as & fuaction of Mach sumbher of the shock wavwe tewagh
use of the Xiowa radiochemical yield of tertais alrdrop bursts in previoss operations. A plot
of the curve used 1y presented as Fig. 1. Yiekis &t varions times Is the Breinll growth Yoty
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. umumlh-wmlummuhmm
graphically, the quasdily I(R) ohisined aBar caleulating By and I.ﬂhﬁl:.-

{r-1)/y rom Fig. 1 correspeadiag to the Mach
ke o by e, whare € 1s the velodity of

Q10

r

*r

LIy

R 5 ol P T R R R i e R - )

190

Flg. 3—Enpirical ty=1)/y vo Mash smbay of shook vany,

i AR R R A oy

R - s iotoff) 2, &) | >

whare |» » ambiemt air deacity (g/Nter)
.= lretnll radiug (meters) at time t
t® Unie {mawc)

B2 [ Sei]

R
-3 | | ,

Ry 2nd K have the same mesalng as bafore.
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vaplous wakien of the ratio R/ The lewer Limit of ialegration was takes 10 be & smaall goa-
sero value. The method described In reletence 1 differs slightly trom Iniegzal method I, which
was developed without knowledge of Fuchs’s previous work.’
The principal use of dillerentlal mathod } and isiegral method | was (o give & prelimiaary
‘ - Flald with consideration of maas [or fSeld use. The cmly yiald figures given in this regort oh-
falned by using thete methods are for Bemisele shot.
: nwmmmummhmmmq
Porzel,’ Grier,’ and othirs. in this melhod, waed prizcipally 4o provide contianity with past
* - eperations and 1o provide a check, the radins R of ke Kruball is detormined st 3 Mach-annber

45
1

3

$F 9 O 7 B B B Y Y 4 4 W N T E B BT
MACH NUMBER &

. Eig. t=Radus vu Mach sumber for standard I-it sint. Atmespheric predsare Ls
Wig mh,

M = (dR/dt)/c. The yiel is thea obtalned by scaliag (o 2 shot of knows radicchemical yield W,
through the relation

";""(n.)—-u

whare P is the amblesl atioapheric prossure And the sebacript zerv refers @ the shot of
S kaows yield To make scaling sasler, Ry (metars) va M wan determiaed for Wy = 1 kt and pres-
m!.ulmm Pigure 2 1o s plol of R, v M chtalaed by ¥. B. Porsel, D, F. Saasord, Jr.,
and §. G. Snyder,” uxing results of I3 Probiem M reduesd to 1 it and the chesrved radis aad
radiochemical yields ol several ahols, alse reduced to 1 kt.

The metbod used by EGAG 10 determine yisld is the familiar ¢* method nsed slace Opers-
tion Rasger. The yield (W) in kilolons is gives by

Wel22xio¥pst

where p = ambient alr denalty (g/Hier)
o= wt."




ime daly were obiained from nine Kasiman Mg

cameras, three each on

Tunit, § aad Parry. The Pilraal and Raait stations werw on cppesite sides of the Sveimll

and saw approximately the cune prolils of the Arveball. Betasse of constrection in the fore- . -
ground, thele was some dificolly in eatablishing the pesitions of the botiem of e fireball at o
early Umes; this 1s particularly troe ior the Busit films, which were ohtslaed from cameras at | 1
bowe

- The Inital (isld readings of the flms gave average raidll about 1 per cant lower
Vet L St a gives Ume tham did the oal readings becanse of difSerency in assigament of the gromd
positicn; ¢ lmmhwmwhthlﬂm“lmuﬂmm

Toe ellsc ﬂmmﬂmmmn.ummmm The borl-
xockal radiis of the lirelall was slightly greaier than the vertical : ulius, Also, (he croas sec-
tica of the Orebail as seea (rom Parry lsland was slighily smaller thas the cross sectlon seen
Irom Piirpal and Bxait. The bypoibetical masy given by the procedesy of Alfferential method I
indicated i mmmwu.

The s obkained are

Differeniia) wethod I¥ 12022912

Mach-munber scaling 419kt

EGEG o' method' A9:23m

Racomoended Oreball yield 4310:20kt

Presmry IO0L0 mb .

Temperature 271.2°C - | e
Alr dessity L15T g/liter |

PN
g 10

Four pholograr ltilhnlh:lhﬂﬂlﬁhﬂﬂh“ﬁh.ﬁ.ﬁuhml .
poaition ¢ h“mlmwhﬂhmhm-.hﬂﬂ-hﬂ_
did st tha fireball, and the fourth siation {1519 eu Bololwendan Ishaad) ohinined off-contas
plciures Ia lwo c:merys. These two caeras vare 3 35-mm Fasiax remiag at abost 908
{rames par second and contaialag fim Ne. 33,264 and & 16-muih Fastax remaing at shout 2000
{rames por satoud 3ad containing Dl No. 33,263, Owingd the differeace betwean e actual
and the lofended barst positicns, the (ages of the Oireball were displaced troas the conter of
the L and it vas necesary to take inte accosunt the las distestion existing lor this off-
The & r¢ betwesn the alrburst and statten L3519 in 2t bnawn exactly; s 3 result, 2
small ihinty must be associaled with the magnification factars ol the tos camerans. An o ’
:m' mwmmuumﬂlnhﬂhhﬂwuu-ﬂ-

Gication Eacior aud 35 per cant i yield The mageification facters calculated by EGAG® are '
based on the burst position (T}, as foliows:

*Marphall Inlands dates and times Arw wied throughont this Tepost,
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E #0n : -
Z 4HDnh

Ammmm-uﬁﬂwlmmmimm ‘Tnis
v burst position () bas the loliowing :

N 1551000

. E 9200
zZ 40N

T Mﬂmmmaﬁmw“pﬂﬁul Firehell diammelers ob-
mwﬁmm’wmﬁmmlmmmumm
kg EGAG, and the yleld was about § por cant less. |
ﬁ'ﬂndthLMM_bhlﬂﬂulﬂhﬁdm&_ﬂ
mmmwmummmhgnﬁhd *
calenlating yield ciher than the ¢ matiod. The yiakds ciained atw

BGAG ;"‘ uﬁi'mpﬂ-n 41840.91 A
EGAG ¢° Hathod Gurst pesition T} 4840328
Recommendad Oreball yiald 494042

The air demsity 3t borst polal was estisssied i be 104 g/liter.

. ﬂdtlﬂﬂhﬂwmmmmﬁl“ﬂ‘m-ﬂ

* froes Runit, Mack, Fiirani, asd Pusey. Alihengh the Rlns from Rmmit were badly fogged by -
. diatirn they gave isages that couhl be Tend. The Sims from the Rmit sad Farry siations,

mmmmiwnﬂmmun—mum“—tu
the o' metdod, EGAG nsed data free sine flma, omiitieg the dats trems the Purry siatiem.
mmmmunw_ummnmh

Differeniial mathod B 4210k

Mackh-smarbar scaling 155
EGEG o' method™ 159080t
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T3, The fask was a 50-ft-diameter cyllader
phiced In;

i = e ¥ Ty . . -

hlmnl:l.'-!l. mﬂ;hm
alr-Blsd chambor within the tank. Ths tolal weight of waler was 2,908,000 ib.

Tea (Hims were obizinad to give daix on the size of the fretald as & function of i

Thiwe Eastinas bigh-speed cameras were located at each of three sintions: Parry, Engebl, and
Mack, and oo cazmera was operated at Bogalloa.

The piciures (Tigs. 4 o 6) chowed aa irregulazly-sxpanding mass of material, with oo

Fig 3—Walar-tank shinkd for Sominsle slut. The
passagreny o the woepm chamber was [ilied with
‘waley st shol tlme. Telal weighi of walar was
1,906,004 1b.

—_

. I ___-;‘rl'._.- "
-clagt-cul shoek wive emerging. In be Neld, EGAG ammined™ ene Bim from sach of the four

siations. | The diameter of 3 hall-cirels baviag the aam ares as the irveguiar cross sectton of
tha was detarmingd by EGAG; lhess dianmtors 28 & functise of tites are the kases of
tha memburs givea in thils rapart.
,:I:hlntln- mpmumlnm“m#ummum
of the diameter of the roughly semicircular portisn bensath the irregularly sheped
and ot the dimension of the iotal dishcbed material. The dameters givea through
this re were somevwha! smaller than thoee given in the Sald. On the basls of this
EGEG coocludes wiat the shot Seminnis yield wan set leas than § kt,

- 14
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Fig. §—Seminsle flretall st 15.9 mar | o8 sl e
3ack tower,
the diameter-Lime dara chtained i the Beld, ylelds were callcaliated by diffarential
mathod § asd by the lalegral method. Various amovats of raae were inclwied (s the maas
tarm. fallewing tabalation gives the mass constdared and the yishd obeained.
Ezcess masy, '.._.m“_.._. -
1] Differeniial mathed §  [aiwgral wethod 1
250000 " 122 & 1.3 1T
:lml“ 121 a LA . oe— W2
I.m.“ 1Ll L *
: moderately pood cousistency of the oumbers i inlatics has lad (0 the concle-
son & Byetull yield of 13 & with 26 puar cont probaly. . rax can b given o the baxis of
ihe mansnrement of the dimensiown of (he rsegularly ped malsrial
yhelds obinined cre N
Differeciial melbod § 11t -
Idegral meibod e )
PGAC  wethod =r |
DGAL method" 15+ 2%t
. 1 Recommended Oretall yield 13254
The meteoralogical data are
. L
Pressure 1010.% wb
Temperature 30.9°C
Alr deosity 1145 g/liter -
i .
» L | ;
i




mmmmmumwhmpuu;:mmmhmm
lated uslng ihls mmss was 376 kt. On the banis™ of axperiance (F1g. 1) seing differentint method

nhp

MT—M“HMH““L““M
tios w-m—-.mm

38
3604 16 s
Recommended Broball ylodd 385413k

The meteorciogical dats (surface) are

Preswure 101%.9 mb

Tenpersture 27.8°C
AlLr density 5.18 g/lter




T Hnllnﬂunmmm:ahnt.ﬁn-uﬁhliﬂ.m.ﬂm | Y
using the ¢F method, EGAG disregarded two of the three Sisas trom Party. h using differen-
3 tial method IT, thase two {lims were lactaded. Comparison of the resuiting Average radive ve
time curve chizioed with that given by DOLG (refareace 16, puge §} shows ol inclawion of
l;h-lmumﬂnnt:mw;chmmmm
mm&thMMMHhmd“ Tha kypotheti-
cal mass indisated by the calculation was 75,700 B. This amoust, on the dnsis of axperience
ﬂ“m“-d“%ﬂ:ﬁ.mmm-ﬂuﬁmmn

yiald somewhal low.
The ylelds obtained are
Dilferential method U 748 £ 045t
Mach-gumber scaling aExt
EGAG ¢' method' L)alaAn A

Recommended fireball yield 00205kt

Tha metesrologiczl data are
Preasure 10056 b
Temparaturw 29.7°C
Alr deasity 1.156 /Ulex

N 102,533« 20 &
E 125869 x 20 It
Aitdse O683:208

Radius-time daiz were oblained from six Eabtman high-apeed camasns, two anch oo Bamit

ummmmnmmm.hmmwmm - HIE

Imli. mamm-thiﬂhmw
For Osage, EGLG used 3 modifisd form of the o' method [ which scaliag was done te

Osage. .
- The ylelds obialned are
Differeatial msthod I 1.78 4 012 Xt . — e
Mach-wubiber scalug 1.02 ki

EGAG modified &' method” 1.6 4 0.1 kt a PR
Recommended firebnllylold LT 4010t

smal] ghots (~1 kt) of known radiocheuical yiald The quantity ¢ummwh' g

x




Mu-umﬁhmmhﬂm mmmmw
mummm-luﬂ-— Hu.lﬂhhﬂ_ﬂm
Fastax st Qhiearets. Toe pictures showed the Iinh.’llh’h Mﬂumuh
- other than for e saall disturbapes on tog.

mhwuhunlmﬂmbhmﬂuﬂ,mmhwwil&
the uxrve used for Operation Bardisck tmrge shols. Secaleulations were mads with other mans
mmmmmmmmmhmmmuﬂlw
Cenl,
The ylelds chiained are

Differesiial method I .03 £0.07 M0
Aach-mmber scaling 1.05 2k

EGAG o' method"t 1.08 % 0.053x
Recommeaded firshall yield 1.1 = 0.05 M8

Mrtsorciogical data are

Pressare 1060.I md

Texperstwre I7.4°C _
Alr deasity L158 g/liter

y TR = muﬂnmunmmmnn—mu
mmmmumuumummmm
hhlrm-ﬂlumﬂhh.“hlh_ﬂﬂﬂﬂ.
Tha hypothotical mass given by the saloulntion wes 2,890,000 b, ‘l‘llll“ilhm
wﬂnmmmmmn -
mmmm

-

Differeniisl method 1I 458203108
Mach-samber scaliag 4.57

BGAG ‘¢* method® 441202238
Recommendad Orehaliyiskd 4540328

Meteoxqalogical dxty are

Praamre 10102 mb
Texprratare  21.3°C
Alr density 1.159 ¢/litar




dlhﬂaﬂlmmwum mmm-mwmmwhh
syarastrical.

The kypotietical mmass indicaied by the calculaliss wae 52,000 I, and ‘as yiald aseeciated
with this sass ls 354 kt. Dasad ca axpetisace with g shels I3 Opersiton Rardinck /¥ig. 7),
this kypoibetical masy seems small; & hypethaticsl wase of 1400000 1 would by conslatent. {
_mmthmmmuhhiwum '

The ylalds cbiained ace
Differcuctizl mathod I 1588 17RE .
-Aiach-pumber scaling 23k -
BGAG ! mettog™ 2524 15xt
wwm 250 % 15t
The metaoralogical dalz are
Pressury 1007.0 mb

Temperatxra 11.4°C
Alrdensity - LI g/ller

-

APPENDIE RECOMMENDID FIREBALL AND RADKICREMECAL TIELDS

The rscommended firetall and raliochemical ylodie kor the shots of Oparnitian Radwing
aze prasentad (or comparison ix the lollowing table. The radicsheinical yiekis are acl necos-
srily ], and they may be modifiad in orthoomiag Tepents,

Firedall yiald, Rnlt-chamisal yiald,
|

Shek 1" 3 _
Lactrosas 1Z04x 208 NIathd
Charekas 4008 & 400 . v
Exrie 150 4 1.8 140 & 08
Seminnke Nalls T alLl
Finihaaul 3 a1 N - 48
Rlacidont (K YY ¥ A4dd
Osage 1.7140.) L7 ad.0b
Inbots 1104 4 50 ok & T -
Mavaje 4500308 '
Eaom 250 » 14 238 & 13

"L K Fuchs (B A. Deths, od), LASL Repert LiA-1531, Ciug. §, Angast 141.

1 L N Blumberg, Delermination of ihe Tolal Hpirudpuamic Tiald of Nuclasy Detoastions by
the Bethe-Fuchs Matbedd, Internal LASL Repert, Apeil 1957,

1. L. 7. Mullaney, Exergy of Explosion (rom Dismetar-Time Dats, Iniegral Mothod I, Taiyraal
LASL Report, May 20, 1057,




4. F. mmmmmmnmm :

S, Herbert K. Grier otal., mnmw-m.mu.mnn
a.r.a.munu. LASL Raport LA-1684, Appendix A, May 1954

- 7. EGRG Raport 1484, June 27, 1054,
J.mem.l.r.m mmmmmm
9. EGAG-PPG Report 2333, May 31, 1956,

10. ECAG Technical Memo B-37, July §, 1957,

11. BGAG Repart 1491, July 23, 1951

12. EGLG-PPG Repurt 2270, Juns 3, 1958,

13. EG&G Report 1493, July 24, 1057, .

I4, J. ¥, Mullaney, Intevmal LASY. Report. |

15. EGAG Raport 1493, July 18, 1958, - e | - i
18. EGLG Report 1494, July 27, 1954. o . .

17. ECAG Report 1438, Aug. 10, 1854, | 3 - _
18. EGAG Report 1504, Ang. 24, 1833, - o 't
16. EGLG Report 1516, Get. 3, 1956, o _ |

20. EGLG Raport 1457, Sept. 29, 1956,
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