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FOREWORD

This report has had classified material removed in order to
make the information available on an wunclassified, open
publication basis, to any interested parties. This effort to
declassify this report has been accomplished specificelly to
suppcrt the Department of Defense Nuclear Test Personnel Review
{NTPR) Program. The objective is to facilitate studies of the
low levels of radiation received by some individuals during the
atmospheric nuclear test program by making as much information
as possible available to all interested parties.

The material which has been deleted is &ll currently
classified as Restricted Data or Formerly Restricted Data under
the provision of the Atomic Energy Act of 1954, (as amended) or
is National Security Information.

This report has been repr¢duced directly from avajlable
copies of the original material. The locations from which
material has been deleted is generally obvious by the spacings
and “holes" in the text. Thus the context of the material
deleted is identified to assist the reader in the determination
of whether the deleted information is germane to his study.

It is the belief of the individuals who have participated
in preparing this report by oeleting the classified material
and of the Defense Nuclear Agency that the report accurately
portrays the contents of the original and that the deleted
material is of little or no significance to studies into the
amounts or types of radiation received by any individuals
during the atmospheric nuclear test program,




PREFACE

{_%art Ore is a general summary of the major findings as applied to
operational weapons. Part Two 1is 2 resume of the results ohtained with
the test weapons together with a discussion of the problens involved in
extrapolation. This report i{s based principally on the final project
reporta of the various sgencies particlpating in the oparation. These
have beon consolidated into 28 volumes and are listed in Appeadix ALJ

It should bs pointed out that a preliminary report, "Operation
JANGLE, Weavons Effects Tests® was issued by the Armed Forces Special
Weapons Project in Janvary, 1952,tc satisfy the immedlete need for data,
which, together with aoperational considerations, could be used to make
@eclsions relative to the stockplling of several types of atomic bombs,
In general, ths conclusione reached in the preliminary report asgree with
those reported herein with the exceptions indicated below. In view of
those and other detalled changzses the preliminary repert showld be dig-

regarded.
|

i

a. Comparison of radiqlogical effecta for underground deto-
nation with thoss for aa surface detonaiintid havs been modified.

b, Fallegut of radicactive debrls from the cloud from underground
detonatlons at scaled depths comparabla to the JANCGLE uwndergrownd ap~
pears %o be of greater importance and that from the hese surge of less
importance than previowsly indicated,

c. Sone u% not all of the physical laws governirz scaling between
E® and nuclear detonations bhave bosn demonstrated.

d. Sone of the capabilitiea and limitatiens of techniques and
equipment developed for military operations have bemn further evaluated.

The JAEGLE Qperation was carried oui under the general directicen of
Dr. A, C, Graves, Test Director, with Dr, A. ¥, Spllhauns as Depuly Teatl
Director for Wezpons Effects. Fleld operatlons at the siic ware under
the general direction of Dr, J, C. Clark, Deputy Test Director, The
weapons effects programs vere carried out undsr the direction of Colsnel
Max S, George, FA, US4, Director of Effccts Testn, assisted by Lt.Col,
G, M, McHeney, USA,

This report waas prepared by members of the staff of the Duputy Test
Dirsctor for Weapons Effects, consisting of the followlng individualst
Dr, H. L. Acdrevs, USPES; CUR B, J, Eoffman, USH; Lt.Col. 3, A, Mariell,
USA; ODR D. G, Campbell, USH; LCDR J, J, Kewman, USN; LCIR L. H, O'Tonnell,
USH; and 2% Lt. R. A, Durgin, USAF,
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PART I

ANCLE DATA EXTRAPOLATZD TO OPXRATIONAL WRAPONS

CEAPTER 1

INTROIUCIION

1.1 GEVERAL

Qperation JANGLE was executed at the Nevada Test Site (now Hsvada
Proving Grounds} in the fall of 195) to determine the properiies of
large surface and Undefground atomic exploslons. It involved the deto-
nation of 13 high expleslve ¢harges and tuwo atomlc bomba of 1.2 ET yield.

An operation of this nabture was concelved acon after the undorvater
teat of Operation CEOSSROATS and epproved by the Joint Chiofs of Staff
in Fovember, 1950. Since weapons of operational size were under con-~
slderation, safety conriderations dictated that such en operntion be
done at a site outside the continental United States. The tezt wes
scheduled to be conducted on Armshitka Island in the Aleutian chain under
the code n2ne WINDSTORM.

A detailed examination of the soill and metsorological conditions on
Anchitis {indicated that An oparation there woulid produce results of
marginal valune, Consequontly, on 9 May 1552 the Joint Chiefs of Stzff
indefinitely postponed Operation WINDSTORM and directed the axocution
of Cperatlon JANGLE at the Feveda Test Site,

The move from Amchitka to Fevada necessitated a change in the wezp—
ons to be felonated. The possibility of conm1f7ting a larcs area
liptted the yisld of the weapons to about 1 ET. As a8 =esnlt, it hag
beer necessary to extrapolate from the resulis for the 1 ET veapons %o
estinate the effects stated hereln for weapons of operational slze,

1.2 OBJECUIVES
The objectives of QOperation JANGLE were considered to be:

a. To determine the mllitary effects of atomlc weapons detorated
underground and on the ground surfece,

Y. To determine the relative effectiveneass and fiszionable materi-
8l economy of atomle weapons cepable of detonation underground and on

l
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the surface for use 1n estadlishing the requirements for development
and production of such weazpons.

¢. To determine the physical lswa governing ehock wave propags—-
tion and soaling betwesn conventional high explosive {THI) eaud nuclear
detorations so that ER experiments ean be used to predict the effects
of nuclear cxzplosions under varying conditions on a wide variety of

terzeta.

d. To evaluate the sultadbility of equipment and techniques devel-
oped for militery operations ip vhich etorde weapons are used.

1.3 LIMITATIONS

It mist be exphnsized that Cperatlion JANGLE involved the dvtonmation
of tvo 1.2 ET storic bombs, one on the surface of the ground and the
other 17 fest underground, whereas the operationzl weapons Yo be com~
pared are qulte dlfferent In cnsrgy relezse end conditione of dstonation
Using the data obtained from the 1.2 KT detonatliona to estimate resulis
likaly to acerue from larger bomds involves extirapolations which can be
accepited only with czution.

The rtesults and the predictions reported hereln =pply with great~
est certainty to situztlons which rost nearly dupliczte the conditions
vhich provalled a% the Novedn cite, The pizpificant vearisbles %o ba
corsidered ars coll and moieorology. The ecarth in vwhich the test was
conducted had a high ettennation to ground shock, There ere indications
that thie attenuation is near the higher liri¢ of the rarnge for common
goil types. The shots were dctonated in clear, dry, desert weather witk
about a 5 nile por hour surface vind, These weather conditions were
favorable tor the siudy of the spread of radlcactivity, Other weather
conditions will materially affest the arsa and intensity of rezidumal
contenination. )

This report is restrictod to a description of the effectis vhich
r2y be anticlipated from the use of veapons in vartime and is not con-
cerned vith other operational fectors. However, in scaling the effecte
of ths tes% weapons to eperatlionsl weopons, some limited consideration
ks becn given to foctors that are inherently a part of the target, the
nethod of delivery, end the metedrolozgical conditions et the time of

ﬂ.eli?ery-
1.4 SCOPE OF TrSIS

Operation JANGLE provides the first expsrimental data on the rilie
tary effects of surface snd tnderground detonationa of atomle weapons,
Prior ¢o this operation ecfircies were baced on thedsriea developed from
st2lien of results from high cxplogive teste and the vnderwater dota-
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pation of Operatlon CROSSROAZLS,

Sinco ths test weapora were conslderably leover in yield than prog-
antly develodeld oparetlional weapons, and dalnce the test programs ware
carrted o 1n only one eaviroament, only marginal beaiec data on the
effects of surface apd underground detonations were obtained. Thesa
datz porve to fill In major geps In the weapons effocts informatien and
permit rouzh extrapolation of operational wesponz end conditions,

1.4.1 thomé:na Heasored

Operation JANGLE produced basie date on ground shock, air
blest, and on the sizs and shape of craters from updarground snd surface
Tursts. Some informatlon was o¢biained orn mlssiles end throw=out.

Considerable information was obtained on the loading of and
response of siruciures within the reglon of elastic structurel action,
Yery 1ittls irformation was obtainsd for the region of plastic scilon
and such data are necessaery for the calculation of uwltinate resistonce.

Extensive measurenents of gamme radiastlon rate versus tirne
and clstance were made., Sanplicg of fell-out and aear-ground dust cloud
was tarrled out over a broad pattern to dotermins the distribmiion of
resideal conizminatien 2nd provide samples for radicchemical aud portis
cle stadies, Blolegicsl studies were conducted to ossesa the beta and
garrs harard and possible inhaletion hazard.

Extensive photogrephlic records wers obitailned and have been
pariially analyzed to provide measuraments of traneient ground dio-
plecenente, neasurcments of edir blast, and correl=tion of visible pho-
ncmena with radloaciivity records, These pictures will be useful for
training end indoctrination.

The operation provided sn excellent opportunity to fiald
test varicus radlologlcel dofense measures, Field tosts were also made
of the technigues of lorg-range detectlon, Indirect bomdb dam2ge asseap-
ment, znd SHE vulnerabllity of various types of military equipment and
fortifications.

1.5 =r3n DETONATIONS

The followlngs series of shoia wes fired to achleve the objectives
of QOperation JANGLE:

a. Thirteen high explosive (EE) shots using several weights of

explosive from 177 pownds of rentolite to 40,000 pounds of TNT, fired
wniergrouni and on the suvrface of $he ground.



b, Surface shot ) 1 «2 KT yisld,éz;
']above ground,] ) f{ fired 19 November 1951.

ce Underground shot, same weapon as the surface shot, 7.2 FT yield
center of graviiy 17 feet underground, fired 29 November 1951,

1.5.2 Specific Objectives of the Skois

The HE skots listed in Table 1,1 were carried out in Tucca
Flat prier to the nuclear exploslons Yo provide a bzsis for selecting
inatrvncat ranges capable of recording data from the nuclear shots, In
sddition, the3e BE shots provided a basis for the assignment of cquiva~
lent_TET yields for the nuclear 2hote, and the poasible establighment of
T”T-nnsleﬂr scale reletlsnships, A second serles of EE shots, listed in
Teble 1.2, w28 fired in Frenchmen Flat to provide basic data for base
gurce studies, T

The surface nuclear shot was fired to determine the offect
of dztonating a weapon on or near the surface of the carth and t¢ detor-
nine vhothor large yleld woapons using relatively smz2ll emounta of
fissionable material vould prodnce underground effects ejuivelent to
thoee produced by lower yleld penstrating wespons using lerger arounte
of figeglonad®le material, Air pressure lnformation from & surface shot
vas regulired to give "0 height! ézata for height of burst curves.?

The undergrovnd nuclear shot was fired to¢ provida a basie

for the eatimation of the effects to be expected from the detonation of
‘\penetrating w2apon et & depth of approximately 50 fest underw

ehpurt

TABLE 1,1

Firgt EX Series

. TNT l Depth to Charge Scaled Depth ;| Date
Shot W {pounde} Cente; ?iegzivity M :%’1!3
EE=l | 2560 2,05 0.15 2h Ang
Er.2 43,000 5el3 15 3 Sep
BE-3 2560 6.8 0.5 15 Sep
E¥l} 2560 -2,05 =0.15 9 Sep
L



TABLE 1,2

Second BB Series

-

! o THT iCepth to Gh.frge Scaled Dapth | Date
’sm_ ‘ ¥ (pounds) }%Centez zieg.t?vity x, = %1}.3 i

im—s- ' 2560 TNT T 0,30 !20 Sep
(BB /80 TUT i 3.0 0.22 | 2 0ch
EE-T 2560 o 2,6 0.39 ' 4 oct
ém:-s* | 216 T, 177 Pentolite 1,08 0.18 f” Oct
iar.-::* 216 1T, 177 Pe:ntoli‘ml 0.4 0.1k ;’114 Oct
Lm:-.:.o*;i 216 T¥r, 177 Pentoliteé 3,2 0.5 1L Cet

* Ty feparate charges fired simulteneously
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CEAPTIR 2

L3TIVATES FOE OPERATIONAL WEAPDRS

exieting vcapors have been eselected to meke comparative coti~-
th e z2jor effects to be sxpected from surfece end vndergroond
n3 of avclear vezzons of oporaticnel size,

The preczently developed weaPon capable of ground pensirzticen is the
: >

The scaled depth of 17
fest for the 1,2 T test explosion correspGhds. to & depth of etout 50
fest for the{ﬁ [.The depth of penotration/ C T g1
very with ike t3§% of ezrth in the targset area. A peneiration of 30-40
fecs may be expacted in send, Y5-E0 fest in loem, end 85-100 fest i
plestic elzy, The coact peasiration in 8 glven eoil dopenda on the
citiwia and voloclidy of the bomd on *mvnct

T-—inzlon iype weopong crpeble of ground penetretion heve not been
develeped, Tob fusing of irplesion voepane for dotoration at or ncer the
crovnd cuwrlze? Lg praeticatle ol vader dovelonmcont. Thereiore, the
cur=tilitiecs of svch vc_?ﬂns cetpnated ot the grouved curface thovld be
corpnred t;;h thhee of **e In this repord the

ith en
eafiroted yleld of, VT heg beep uscd for compzrison, Eaoseld o the

gosuzpiizn that 1 kﬂ of p‘n-onﬁnﬂ is equivalent to 5 kg of wranitwe—235,
one ¢ these bonhs would conizin atsud onc-third the egnivelent amsuat
of ficeiopnble materiel in onﬂl Other implosion vespone could be
compeTed wiik come chunze in the félatiye econory 4in fiecsionable rateri-
el, Fsvogrer, for =211 wespons vith the gegmet the charges will be
riror, The c*onomy figure vill de loucr (< 411 thus compare
rore fevorzbly in this reccpect) for el weapons Twfth the,
geonetbry,

) Fanl

2.2 EUNURY QF ESUIMATID FTESCRS
~

e
Tetle 241 is o tricf gvomory of the catimated efiects of a{“ ﬁl
et forzround, 2m - T swrfeco dclonation, &nd en T Tadir
ed at 3UD0O feat—7=3 helight of buxct to give the nexitar zrea
0 pst oir oveoprezoure,

en indficate thet prciiciicns of
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crater formatlon are reliabdle, Thie evaluation of reliebility is bassed
on 8 corxpariecn of EZ and nuclear resulis wvhich 4s discussed under
Crater Sceling, Parsgreph 12.1.1,

Creter refd’ for unisrzrownd erplosions be colewletel from
reletiozchipe develercd in EX experiments éz_jﬂind frer obtscrved bol-
listle properties Thomb case, vidch deterntine its pcuotratio:
in 8 glven o112/ Tigure 271 shows the penctratiozns vhich ray be ex-
pected for {hel. freapan. ead Teble 2,1 chows the creter dimensions
coleuletel for gg7eral représcntaiive cituctions, The rasults of the
pazlenr shote Ixn Hcvade and the reletlonships frem czrlier ¥E expeori-
Lia%s were used in ralding the calocuwlations,

Ir ej! _(ront w3re dropped in the centor of en eirfield ruuray,
g3l Pemetiited  to ebout BC-foot depth, it would profuce a crater|

—

Eeactivation of the runu:f for nae by boobers (& sirlp of 2Q0=fant miwis
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pum widtk) wonld take abOLH[: ]cubic yards of £ill anrd would roquire
& minirun of about 30 days' «Sic for completion undor emergency cperating
conditions, Unless shiclding for eguipnent oporators were provided, it
vould bs impraciicable to start worl before one or two wacks bocavee of
redioactive contasnination, Even thon, the repair forces rust be pre-
pered to provide ssyeral replecensnt crews of eguipmend operaters and
other personnol working in the irmediate area, If shieldinz equivalent
to 1/2 inch of stesl wers provided, work could bezin withia two days with
few, L ey, rzdiciion cssualtics, After four vocks, ths radission
probvlex ¥ould rot seriously hinder construciion,

Ar. FK“ sursece detonzilon vnder sirmilar conditlons would produca
a cratcr?

To replecs a 200-Ffcod runway etrip voanld take T cdbic
yerde of £3TY and vould require mboub one week of worz. Retiozcfive
contemination would presont about the same problens $o the repalr crews
a5 in the cese of ithe nnderground dburat.

If atomlc weapons arye used in nining oporations Yo produce a crater
an impleoslior bond ghonld be buried dsep nndergrowvnd, 1.e., hundreds of
feot for en[ JET bomb,

2, AIR BLAST

Alr pressure moasurezents from the undorgropnd nvelear test showed
choracteristics sinilar to those obsorved with the scaled EX tests,
Therefore, dlrect scalinpg for an opérationn] weapon under the Xeveds
conditions eppears Juntified, The effects for othsr dopihs of turiel
and otier solil conditions eve no’ as well established. Hezviesr seoll er
greater depths of pensiration will reduce the overpressurse as codrsared
to JAXGLE wonditions,

Pezk alr proessures elong the ground for the two operational weapons
being considered are corpared to the pressures obiained with anl {XT
air burst in Figure 2,2,

LI

Blast preassures in the air above elther & surface or undorzround
Yurst are n matter of interesy for ibo pafety of gelreraft in that vicinl-
ty. Fgure 2,3 gives peek overpreseurea for the opsrationzi woapons
wnder conslidoratien, Thess curves ers scaled from the JANGLE data and
corrected %o give valuez et sea level, A corroction for the decline in
atmospherlc prezsure with increasing aeltitnde above the suriace st b
used for any operationsl situstlon. These data apply for rositlons di-
Tectly adove the point of detonation, Further extension of the JANGLE
date 18 required to give i{rformation for othar posltlions in space,




2,5 GROUND SHOCK

Insufficient exporimeontal data exist to e3tsblish lews which will
allow scaling ground pressures and accoleraticns with their associated
tizme characteristics and displacemente to operational size weapons, JFor
these ground phenocmena no systcmatic relatlonship has bean determincd
between the EU and the nuclear shotz, Therefore, the immedintc eppli-
cation of these dnta to operational conditions 1s impossidle,

Comparison of the earih.acceleratlons in the JANGLE HR %tests and
tests at the Duzivaey Proving Ground indicates that different soils end
geologicel conditions will altor the distance at vhich a certain effect
tskes place by &s mch es a factor of three or more, In genersl, darcz-
ing effectns will be trarsmitted to much greater dlastances in saturated
soll, perticulerly wet clay, than in sell having smaller weter content,
A hard underlayer will reflsct the ground effects and increase their
range. In this respect it should be pointed oat that regions of geo—
logic nonuniformity become mors impertant as the size of the charge
increagsesz, ’

The air blast from & surface or shallov uvnderground explesiocn pro-
duces accelerations snd pressures, In general, the highaat pezk values
are producsd throuvzh this ection, but in the case of aceelerations the
pcekps are of such short duration that they wlll wsually be nezlizible in
causing struetural damsge, The magnitude of those phenomena relaiive %o
direct trancsniftiecd effects increzges with charge ailzo,

2,6 STRUCTUBAL DAMACE

Dynazlic madel laws were used to extrapolate the test resulte from
1.2 XT bombs to ths effects of operational weapons, The aspumption that
direct scaling is valid is questionabdle in geveral details, EHovever,
varistion of resuliis within the exiremes considersd proteble will not
alter the general pieture.

2.,6.1 Significant Conclusiong Drawvn From Extrepolastions

Underground or surfece we¢apons ere the only effeciive means
Presently available for atomic attack on heavy fortifications, eub-pens,
or other exirenely resistant constructlon, Structores of this mature
in soil eimilar to that &t the Hevada Test Site would prodably kave to
be within the erater to ensare a p;'g:.tabla damsge, Table 2,1 indicates
~kbet the crater diameter of thei Jould be about twico that of the
[T surface weapon, -

ble 2,2 indicatea that the surface yeapon would have a dazage

Surfacs siruvctures are damaged primarily bty air tlast., %Ta-
redius tvo to three times ha‘i of the[:-' at overyregsurce in exscess
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of 10 psi. The patiern for severs danase to surfsce sirunctures is glven
in Tedle 2,2, It is based on the crlteria for alr blest damage given in

Reference 2,

Tae JASGLE teete indicats that the area of appreciable fam=
azs to lizat =nlerground corstructlon is quite linited. From the recultis
of previens teats it appears thet this ares would be somewhat less %han
the darmeza erea for honvy surface consfruction,

Calenletions made ona ¢ho resistance of truss bridgeaél indi-
cata thzt ground shock is relatively inmeifective in produsing damage, The
bridge piers vould have to bs virtually within the craler {o ensure failw
ure frox pier displaccacat, Fowever, the czlculetions show that the gu-
persiracture of guch tridges of 150- to 300-foot span would be destroyed
by elr dlast of 15 $o 20 psal igjenvity. Ilrect extrapolaticn of tkhe
JAFCLE data indicotes that the; v;lwou.ld give[q}psilat jyaré.s £ad
thehjéFT surtace weapon voald gi +this pressure at__—'lyarda.

TAELE 2,2
Renze of Dermnge 4o Surfaco Strectures

Daracing
o7pe of Comsiruction Overpressure
i pel
I
‘Beayy Steel IFrame E 25
Bcevy Reinforeed

Concrete
Lizht Sieel Frame 5 ple)
Heavy Masonry
Light Hasonry 5
Light Frame (Dwelling) 3

% Eeizcht to roxiptze area covored by 1J pei eir Slasifafa;preésﬁEQ

2,7 TEFIUAL RADIATION

The cffecsts of thermal reiictiorn from a suriece detonation are much
less ihen in the cese of an air burst of the saxns weapon, The thermal
energy en any given distence froz a surisce turst 1s sbout ons-third
that from en £ir borst. Ivoa so, undsr good vieibility conditicne the
depger area for thoermzl rediation %o exposed personnel excesds ihat of
initial germa radiastion., A cocparison of the thermsl effects from a
curface =nd an air burst is given Tabdle 2.3, It should be noted that




{n the case of the gurfecs burst thermal radiation rarges depexd mazh
wore on flainess of terrain.

Thernal radiation effects decrease greatly with penetration of the
weapon into the ground., They will be negligille 1a the case of weapons
#ired at depths comparabdle to the JANGLE underground shot,

TABLE 2,3
Range of Thermal Damage
Effect Thermal
Energy
(cal./em?)

Moderate skin 3
burns i
3rd degree skin g ;
burns ‘
Cotton twill, 15

khekl or green,
destroyed light
woolen fabric, |
khald, destroyed !

16 oz. wocl nN
dersey or
elasticue,
green, destroyed

* Tabulateu Values a&re horizontal distances from ground zero, feet

2,8 RADIOLOGICAL EFFECES

The radiological effect produced by nuclear weapons defonated on
the grourd surface or uanderground is 8 major one., Just as for the air
Yurst, gemma radiation daring the firgt few seconds following such deto-
rationg will produce casualtles over a large area, For doth the surfece
and underground detonations, the danger arca from this early gamma
radiation is comparable to that in which light surfaco siructures recelve
major dacsge fron alr blast.

The radiocsctive debrias from elther the surface or ths underground
detonation 1s associatad with large particlea vhich are deposited at a
sefficlently rapid rate to produce significant concentrations of radio-
2ctive contamination over extensive aress arpund and downwind from the
Tero point, Apart from the change in wind direction wlth height, the
erosawind extent of the area of resldusl contamination is dependent on
the weapon, its method of detonation, and soil conditions, The downwind

13
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extent of the area is latgoly determined by the wind velocity.

Inportant radiclogical hezards assoclated xith conteminating bursts
1} estimales of effects to be expscted fo undarground and for an

T purfece dstorstion are presented in Séction 2.8.1. Entimates are
*prosented for effecte e} mez levsl with en average wind Y?lo.r.ity o2 5
miles per hour for the end 15 miles per hour for the {¥? surface
burat, This selectlon™of-vinds 1o arblitrary but is considsred ressonw
able since surface shot clouds will rise connidersbly higher than the
underground shot clonds mnd in general will mdve in'a highsr wind speod
rézlon.

- —E ( he |
2,8,1 Cocparieon _o_i_?_L nderground sed! ET Surface Dotonations

A gurfece detoné:n of an implosion weapon 13 the most
economical methed in terms of fisalonable materials for producing lethal
radiation dosages over lerge arems monder all probable wind conditions,
The areas receiving lethal doeage within any period of time are not
significently different betweesn surface detonations ard underground deto-
nations up to the JAKGLE scaled dcpth for weapons of egquel coergy re-
leaes fired under coxparable wind condltione,

The most sigrniflcant factor in deoternining the ares contami-
nated to eny specific rediestion level for a given yleld ias the wind,

The area receiving lethal dosage in the first 10 sezprds is
considerably grester for cn} KT surface borst than for a__  hinder-
ground burst, {See Fig, 2,714 Tabdle 2,4,) -

Arzas receiving lethal dossge in the firat 10 seconds for
underground and surfece dstonationa in irregrdar terrain end in de=
valoped ereas will be drastically reduced duve to shieldins, For large
gir bursts detonated at hoights maximizing 10 peil air overpressures the
loas In area receiving lethel ganra radiation dose ias consideradle due
to increased slent range, (See Fig, 2,4.) Tho dangor area for initial
gemma radiztion 1s greatest for low to intermcdiate height air bursts
vhere the ghieldins lossos ere balonced ageinst slant range locses,

The area recoiving lethal doscge 1ln the firet 10 ninutes la
rore then tvice ss great for an| T surfece bursi es that for a(
wnderground burst. (Ses Fig, 2,57and 2,6 agd Tzble 2,4,) -

The arsa recelving lethal dosazs in one hour from any) J,!CT
gurface bturst is about three times that from a] =~ ' hnderground Turst,
(Ses Pigs, 2,7 end 2,8 end Table 2.4.) In the cas® ¢f the ecaling for
one hour deosages involved hers, the uncertainties are incrcased %o a
feolor of absut 2 éus to the wind influcnce,
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Areas unsafe for troops operating in the opea (1.s., area
exceeding a dose rate of 300 rfhr ai ons hour) are sxiepsive for several
hours end _night be about three times as large for an K" purfece Iursd
es for a tnZerground burst., (See Fga, 2,9 and «,10 and Tadle 2.4.)
These arcas-continue to chavge in stape and size after one hour in a
corplex manner &ue to wind and radiecactive decay, extending further down=
vind as a result of later fall-oui and shrinting due to dccay,

| ’ Areas of significent reaidusl contamination (greater than

i 100 r/br at one hour) for both surface and underground dstonations scale
roughly &8 the yield tc the trvo~thirds power. Uncertaintiez in the pre-
diction of location and eize of arecs of contamination due to nnrelia-

| bility of eceling are aggravated by uncertainties to be expected from

‘ predicted meteorolozy. '

The base surge assoclated wilth underground atomic detonntiona
at the JARGLE scaled depth appears to be secondary inm its contribution
to trensient radiation dosiege and in its distribution of residuvuel con~-
. tamination, The bulk of the activity is initinlly in the central upper
{ cloud. The bese surge &ssocliated with the underground detonatiorn de-
L posits some contamination bui the relative contribution from base surge
end fall—out hes not been evaluated from present dats.

Tne contrivation of soil induced radicectivity to residosl
sontaminetion shoald be small for surface and subsurface detorziions in
ewst soils for all wespons except those in which the ratio of escape
asubrons 4o totel fiselozmys is markedly lncreassd over the rajlo for the
JAEGLE weapor, The Ojiould incrsases tha ratio of escape nentrons to
total ficslons and thus increase ths soll induced radioactivity.

The inhelation of radioacitive particles constitutes no mili-
tary hazari® independent of externsl gamma radiation hazards of more
serlous conseguence,

Lonz term biclegical effects from inhaled pariicles are
very doubiful but nod ruled out.

Subjecting en urban erea to rediocaciive corntomination by
eltner a surface or subaurfsce burat will not result in denying perma-
tent occupapncy of this area. ¥ith the exception of the crater and en-
virons, substantial reoccupation may take place within a matter of wecks.

Weapons of yleld greater then 1 KT may be fired safely
Rnderground and on the surface within the continental United States,

[

* In this report the term “military hazard* is used to imply a reduc~
tior in comdat effeciiveness in a relatively short time (several

hourg to one week), See Reference 7. foig‘ T 'H'\@J« 18 ‘QELE[E
13,




A \tlred. sbout 50 feot uvndorground at the Nevada Proving Grounds
4”Pe less harerdous than a tower Bhot of comparable yleld fro= the
peint of view of radicactive fell-out outside the immedinte test area,



CHAPTZR 3

CONCLUSIOES AND REQOMMENDATIOHES

3.1 CONCLUSIOHS

The military effects of altomic weapons detonatod underground and on
the surface were determined %o be:

a. The creation of largo craters.

b. The creation of areas of high air blast overpressures which
yould darege heavy surface strusturea,

¢. The coupling of considerable energy into the ground which,
nnder favorable circumstances, would probably cause damage to heavy,
buried structures and fortifications somewhat beyond the limits of the
erater volume,

d, The creation of large areas where the total radistion dossge is
above lethal to personnal in the open and which have ‘high levels of re-
sidurl radioaciive contomination,

o. In the case of the surface weazpon the creation of thermzl rad-
iation which is dangerons %0 expossd peraomnsel over large areas,

The relative effectiveness of the jwo weapons compared .
detonsted underzround and anf _ _jdetonated at the surface)]in
producinz these results of military importance is indicated beldw, It
should bde noted that the) uses About three %imes the amount of fis-
sionable raterial as that wséd in the Any comparison %o be
rade on the basias of economy of fissiodhble mpatefial wust weigh the com
parisons of effectivencss by this fector,

M

a, Thar is frono ten to tvonty times as effective in producing
Yolume of crater. It is four to eight times as effeciive if ares at the
#turface of the crater is selceted as the eriterion. Yor crater forra-
tion the surface wezpon 1s not sensitive ton emall heighta of burst,
f.e,, less then 50 fest.

b. The radius of dacsge to heavy, 1q§tstrunturesrpnthortifica-
tions is more than twice s gread for thef"/Jas for the) ’
— 1

L

Ce Tth;_ ;}Fill daxzaze heavy, surfece structures (25 psi air
eafor)

Pressure or at a distanco about three times as great es the
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d, The _ .may be as much as three times 2a effeg.tive in oraat-

ing areas of Eﬁ.g radicactive contemination as the) )

-

e, Only theE’]ﬂll prodnce significant therms) effects.
3,2 PECOMMENDATIONS

Thie teat has demonstrated that the[_ 18&:& the surface detonated
irplesion weapons &re special purpose atomic weapons which have gignlf-.
icantly greater effectiveness then other {ypea in dameging vnderground
end massive atructores, in produeinz eraters, and in distributing redio-
sactive contamination ¢ver extensive arcas, It is recommended that oper-
ational studies 4o determine Yhe use of thess waaponse Pe restrictsd to
situations where thece factors are of primary importance.

Ia the use of thess weapons, target intelligzence will be particu-
larly ioportent since the radius of the above szignificant military ef-
fezts will be markedly altered by the character of the ascil, snd the
poteorolegy at the time of the drop as well as the method of delivery.




PART IX

BESUME OF JANGLE RESULTS

CRAFTER 4

THE TEST EIPIOSIQES

4,1 OZNERAL

Iata on the weapons, soil and meteorology are preasented in Appendix
B, Tetalled information regarding basic physicsl messurements, radioszo-
tivity and blologlcal messureuents and struciural tests is givea in Ap-
pendices ¢, D and E reapectively. A general layout of the JANGLY 4est
erea is shown in Figure 4.1,

4,2 SURTACE DNTONATION

The vieible phenomena observed dvring the 1.2 KT nuclear surface
detonetion were, in some respects, similar to those mssocizied with low
alr bursts. This was particnlarly trme of the later visible form of the
detonation consisting of the typical smoke columm and mmshiroon shaped
eloud, Differences in form were obvlously the result of the colum and
cloud being heavily loaded with dirt erd dust,

Upon detonation there was an emission of very high intenaity visi-
ble redistion which rapidly diminished 4o & low irrezular configuration
of incaendescent dirt and dust, Although the luninoelty persiasted for
seversl scconds, the ball of fire was greatly obscured snd diluted when
it finally emerged from the surface debris in true spherical shaps after
a%out one and a helf seconds, At this time the top of the sphere vas a$
& height of approxinately S00 feat and the sphore was ricing at the rate
of about 200 feet per second, These immediste visible phonomena are
shown in Pigure 4,2.

As the high temperature sphere rose from the surfece debris, the
latter subsided end joined the surface dust cloud created by the shock
vave gtriking the ground, Xo beae surge was formed. As tho aphere
cooled and asconded, a chimney effect was noted wherein the tralling
colump ¢f dust and debris was sucked wp fronm the suxrface, This laser
¥vieible form of the column and cloud was very sinmilar %o that of a lovw
&1ir bYurst, At no time, however, was the sphere or upper cloud separated
from the vigidle colurm. The formation and growth of the column end
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upper cloud are presonted in Figure 4.3

The upper cloud and colurm continued to expand and rise for several
minutes after formation, gradueslly drifting downwind and dispersing,
FMgure 4,4 shows the fully developed form from the surface dctonation
bafore being dicpersed by vinde. The meximum hsight of the main cloud
mags wag avout 6400 feet,

%,3 UNDERAGROUND DOTONATION

Ls anticipated, the visible phenomena observed for the underground
nuclesr detonation raterislly differed from those of air, surfece, and
undervater nnclear bursts., Thay did not differ, however, except in de-
groe, from those observed for large TRT undergrouvad explosions.

High intonsity 1llumination accompanying the underground deiona-
tion lasted en extremely short time, No illuminstion was visidle after
. sixteen hundredths of a second. large quantities of sarth end debris
vere throvn upwvard and outward with very high velocify within a very
short period of time to form an inverted conical shaps. This throw-out
reached a helght of 900 feet and a diamster of 1200 feet in about orne=
half of a second afifor tho detcastion. Theze immediate visible pharomena
are presented in Figure L. 3.

Lpproxinstely 2 seconds cfter detonation the rata of risae of the
throwv-out material suvsidsd and lerge streemers of dirt and duet were
expelled from the aides of the inverted cone., Thess gliruck the ground
and Joined the surface dust cloud created by the air dlast, A chimney
offact vas briefly obaerved at ebont this time, althongh it was of
short duration 2nd did not materially affect the form of the dust clomd.
The central portion of the inverted cone continued %o rise as an irreg-
vlar geometricel shepe at & relatively slow rate of about 35 feet per
second,

A% about 15 seconds after detonmntion 2 bease surge clond of fine
dus$ particles appeared at the bace of the ¢elumn, Thie cloud contin-
uod %o cxpond for avoud 3 cinctes, rezching a raxirum crosswind
radlug of ebout 2200 feet. lLerge quontities of material continued to
fall into tho surge after the radial growth of the surge cloud bed
tecsed, Increasing the surge holght but having 1little effcect on the
dlenoter, The surge height incronsed continuslly for about 10 ninutes,
gradnally dispersing in o é'_ovnwind. direction, The above phenomena are
ehown in Figure 4,6,

A distinct upper clond, hesvily loaded with dirt end sttached
% a lowor znd less opague cloud, ¢ontimued to rise and expand until
rore then 3 rinutes safter dstonation, reaching a maximom heoight of
about £000 feot, Figure 4,7 shovs the fully dovelored form of the
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underground nuclear detonation,
L.,% EX BUBSTS

A geries of 13 high explosive shots using several weights of ax-
plosives was carried out prior ‘o the nuclear burats., Thess shots are
discussed under paragreph 1.5.1, A striking similariiy of visnidle phe-
nonena existed between the nuclear and the HE scaled bursts deosplte the
fact that there is considerable uncertalnty regarding the physical laws
governing scaling between the two,

Photographs of Sho#% FE~4 which was detonated in the ascaled position
0 the surface nuclear dsionation are presented in Iigure 4.8, Visible
phenonena, of the conventional high explosive fired at the scaled depih
of the underground nuclear shot, HE-2, are zhown in Figure 4.5,

Several conventlonzl hizh explosive shots were fired to give basic
data for base surge studiea, The effect of sxtreme depth of burial on
the development of the base surge 1s showm in Figure 4,10. This ssries
of photogrephs of the delon2tion of a conventional high expleosive bHuried
at 3,7 times the scaled depth of the underground nuclear shot shows all
of the cloud collapsing into the base surge.

L.5 CRATERS PRODUCED BY THS NUCLEAR TPSTS

The craters produced by the two nuclear shots are illustrated in
Figures 4.1l and 4,12, The surface crater wvas 90 feet in dimneter and
21 feet in depth, The underground crater vas 260 feet in dlameter and
53 feet in depth, For these shallow depihs of burtal, thers is no dif-
ference betvesn the apparent and the true craters,
—a_,___\_-_‘_ ———

Bigh-apsed photographs of the underground detonation reveal that
the resulting crater wes formed by a progressive scouring action rather
than by ejection of large segments or plugs of earth, The nature of ithe
cratering sction 1s borne ovi by the essentially unchanged condition of
the original soil structure at ithe face of the crater walls, The orige
inal soil structure, consisting of alternating layers of caliche &nd
looss send, is epparent in Figure 4,12,
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CHAPTIR 5

AIR BLAST ARD GROUND PHENOMENA

5.1 FRESSURY MEASUREMENTS IN TEE AIR ABOVE THE BURST

Veasurements were made uslng balloon-suspended gages and rocked
trall shock velocity techniques to obtaln vertical, air overpressure-
2igtance Adata. The gage desta, bovever, were not considered rellable
and therefore, the ¢urves for pressures ln the eir for the two nuclear
shots are besed on shock veloclty data, During the surface nuclear shod
the primary photographic timlnz standard for these data failed. Thie
necessltated ‘he use of ground-level gage data on shock-vave arrival
times to establish & time gcale for the measurements in the alr, with
the assumption that the shock wave is symmetrical radimlly along the
ground, The surface shot data for the veritical pesk pressure distribu=
tlon are therefore not as reliabtle ms that for the underground shot,

Dlstribution of pe=k air overpreseure vertlcally above the two nu-
clear burets is shown 1n Figure 5,l. A sirikiprg feature of the graph
is that pressures above the undorground shot are higher than those above
the surfece shot. It 4s also evident that in the cese of the under-
ground sho% a secondary shock wave overtock and reinforced the in!tial
shock at about 1100 feet in & direction vertically abeve zero. The
cause of the secondery wave is unknown, The exlstence of & similar
sacondary shock wave along the ground is not apparent from the messure-
ments taken e% ground level.

5.2 FRESSURE MEASUREMENTS ALCOKG THE GROUND

Faak alr overpressure versus dietance along the ground for the %wo
nuclear shots is shown in Figures 5.} and 5,2. Data obtained by rockst
trail shock veloclity technigques, both along the ground and in the alr,
are presented together in Figure 5.1 for comparison. It is interesting
to note that the shock vave for the underground nuclear shot is not hem-
lspherical btut has a grester radius from the exploslon center vertically
upwzrd than slong the ground,

As shown in Figure 5.2 %the pgreement emong the dats on peak air
pressures at ground level obtazined by geges end as calculzted from shock
velocities using blast switches was found to be goods It 18 noted that
the shock velocity method consistently gave values slightly higher than
those measured by gages.
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5.3 BLAST EFFICIENCIES

Blast efficlency of an atomic bomd burst is defined as that frac-
tion of ths total energy which is in the form of blast emerzy end is
determined by comparison of the charge veight of TNT (WTHT) vaich will
glve the same overpressure-dietancs relatlonship (for overprescures less
than 100 psi) &s the total yield of the nuclear weapon {W;). Rlast ef-
ficiency has been defined by tho sequation: '

Blast Efficliency.(in per cent) = ¥oyp X 100. e 4
| N e
Ie T

The peak overpressures along the ground for the surface nuclenr
sbot and the HE-Y4 data scaled up % 0.S5 ET are in good agreemeat as
sbown in Figure 5.3. Thus, according %o the above definitien, the sur-
face nuclear shot exhibited an apparent blast efficlency of adbout &0
per cent, In contrast, from the results of Operation TUMBLYE, the blast
efficiency of a nunclear weapon burst in free air was calculated to be
about 40 per cent. Thus, the pressure distribution for the 1.2 XT sur-
face nuclear shot might be expected to 2gree ywith that for & surfaca
burst of 0.U8 KT of TNT, but instead was found to agree with 0.95 XT of
T8T, This discrepancy by a factor of two between expected and apparent
blast efficiency for the nuclear weapon detonated at the ground surface
is attriduted to the naturs of the sir dlast overpressures associated
with near parface HE datonations_.ﬁisi . i

Significantly, the peak overpressures along the ground from %the
GREENHQUSE George shot scaled %o 1,2 KT are 1ln agreement with the JANGLY
surface shot data for overpressures of,10 psl and leas as shown,in Fig=-
uwre 5.3. The GREENHQUSK George shot | . . e, Y88
fired at a scaled height of buret (h)h*fB) of T | Thus,
acaling of the JANGLE nuclear surface shot to surface burst™muclear
weapons of large yield is well verified, .

It 18 also noted from Figure 5.1 that the JANGLE gurface choet data
and the GREENHOUSE George shot data scaled to 1.2 KT are both in sgree-
zent with the TUMBLER free air overpressure data scaled to 2.4 X%,

This indicates that the reflective effect of the ground on peak over—
Pressures from nuclear weapons fired on ol near the surface of the

ground ig _grelatively insepsitive to scaled heights of burst up to&\ -
| .

p—
-

It i3 poasidle to compute the TNT equivalent energy release of the
Wnderground nuclear charge by comparison with the underground EE shots,
g Scale factors between the 40,000 pound HE-2 and the nuclear tesi c¢an be
' Computed for peak pressure, positive phase duration, &nd positive iw-~
False, These values lead to an squivalent energy yield of abcut 0.85
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KT for the nuclear charge, as judged by its ability to produce air
Plast, ¥hen the secale factors ars based on the 2560 pound FE-1, as well
as HF=2, the equivalent "air pressure® yield is closer to 1,0 X7.

5.4 GROUND ACCZLIRATIONS

On the two JANGLE nuclear shaots, as well as the first four EX shots,
ground accelsrations were msasured with Schaevliz and Wiancito acceler—
ometers and these were backed up with Bngineering Research Asscclates,
Inc, {¥RA) gages, Veriical, horizontal, and transverse accelerations
vere measured. In general, the FRA gagzes gave lesg reliable resulis
than elther the Schaevitz or Wiancko geges. Gages werse placed along the
blast lines with a small number scattered throughout the structures area
eround the underground zero peint, The standard deptas were 10, 20 and
30 feet with additionel instruments at 3, 5, 17, 34 and 68 feei. TFig-
ure 5.4 includes typical acceleration records at several distanced,
Figure 5,5 shows the variatlon of ground accelerations with degpth in the
ground,

Test results ln general follow a very complex pattern. Ground ac=-
colerations originate from the following sources:

a., Acecelsration produced by ground phenomena propagated dlrectly
fron the point of detoration to the point in gquestion (called primary
acceleration).

Ps Accelerations produced by ground phenomenon reflected and re~
fracted from underlying rock strata {called secondary acceleration).

¢s Acceleration induced in the ground by the passege of the air
blast wave directly above the instrument (called primary air dlast in-
duced acceleration).

d. Accelsration in the ground produced by the air blast wave by
ite pascage over the ground at poeitions other than directily atove the
inatrument {called secondary air blast induced acceleration).

‘The alr blast induced effects and the earth effoctis may be separated
with some degree of certainty. The arrival time of the alr blast wave
agrees well with the time of meximm ground acceleration; thersfure, 1t
may be concluded that the maximum ground acceleration was produced dy
the primary air blast induced acceleration,

The acceleration time curves are vory complex, and are rmade wp of
hany {ransient pulees and high frequency components, The air blast ag-
celsration frequency varied between 20 and 50 cycles per second for both
shots, The primsry and secondary acceleration frequsacy was predomi-
2antly in the range of 10 to 1Y crcles for the surface shot ard io the
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rangs of 3 4o 6 cycles for the underground shot. Comparison of the ac-
caleration durations beiween the JANGLE testa and the Dugway dry clay
tests lndicate 8 considerable difference, the Neveda durations belng
far less for identical HE fests. The prongunced variatlon of sccalara-
tion duration with soil type indicates that earth motion demage cri-
teria would be affected much more by soil type than a consideratiocn of
peak acceleratiorn amplitudes alone would indicate,

The surface shoit was the mors effective in producing high peak val-
ues of ground scceleration due to tae contribution of air dlasi. Thls
primary ailr blast lnduced accelsration consisted of & szingle >ilse of
very short duration and thus carried little impulse as compared to the
longer psriod primary and sscondary sccelerations which were corposed
of many cycles, When comparing these latter accelerations, %hs under=
ground shol w23 more affective since 1t produced accelsraticns wish
fregquenclies two or three times lower and msgnitudes two or three Limes
larger than the surface shot.

5.5 GRQUND PRESSURES

Fraes ground pressure wmeasurencats wére made in a pattern similar
t0 that for the ground accelsrations, Pressures were ameasured at the
botten of & fluld colurn by gagea dealgned to respond %o iremsient by-
drostatic pressures. In addition, the ground pressures applled fo the
buried %est structures were measured by means of pressure celleg flushe
mounied in the exterior building surfaces.

The free ground presaure measurements appear sensitive to a number
of paraneters other than size of charge, dlstence from charge. depih of
gaze and soll type. Thsse include alir blast effect transmittad through
the ground and through the fluid columm, haight of the fluid colimn over
the gage, inertia of the fluid column, and matching or acoustic imped-
ance beitween the sarth aand the fluid, More important, ths hyirortatlc
presaurss mezsured are scalar quentitiea although ground pressura is a
vector quantity which varies quite markedly with direction of applica-
tion., Zocal inhomogeneties 1a the soil and occlumalons of alr cause a
spread irn teszt data vhich further obscures the basic trends,

Ag a result of the variationa vhich were intreduced by various
parameters as indicated above, there is insufficient data to conclude
very ruch about free ground pressures., XNo rational patiern has been
developed %o explain the ezperimeantal results; therefore, no extrapola~
tion to operational weapons cen be made, No consistent correspondence
vag found between fres ground pressures and ground accelerations ror be-
tween *ree ground pressures and the pressures messured oa buried struc—
turca, The free ground pressures which have been measured cennot, at
presen*, be put to any wss, The chief advantage of retainlirg the con-
cept of s0il pressure 1s that this 1s the origin of the propagaled
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effects.

Ground pressures on the duried test structures were measured in
order to determine etructural loadinz, and 1% is believed tha%t these
measurements gave a true lndicatlon of the loads applied. For ranges
from 500 %o 1000 feset, tho significant pressure loadinzs on duried
struciures were due to alr landuced ground pressures., Appreciable peak
pressures and impulses were observed up to 15~-foot depths, ithe linilt of
observatlions, Betwean 250 and 500 feet it has not been possidle to
sgparate air-induced and direct-transmitted ground pressures bui the
magnitudes and durations of the observed pulses ars such that they conld
be attridbuted %o air-induced effects. A systematic analysis of pres-
sures, &s well as accelsrations, measured on the test struciures 1s be=
ipz made as pars of the attempt to develop a correlated piciure of
structural loading by ground shock, This analysis has not progressed
sufficiently {0 allow comment at this time,

It is not possible at this time to translate the regults cbeerved
in Nevada soll to results in other types of soll, An equally serious
matter is the lack of test information rezording the pressure rellsf
wvhich may occur when lerge deflections are ogbtained in the structures.
This last fector was not 2bserved in the preaent tests since the test
structures were not loaded into the zone of plastic deformaition as had
been planned,

5,6 PERMANTIT DISPLACEMENTS

Parmanent displacements, horizontal and veriical, were nmeasured
around both zaro points. Surveys before and after the shots were made
on the location of monuments set flush with the earih surface. It ia
estimated thet the probable error for the horizontal measureccenis was +
0.02 fest for each survey with the probable error for vertical contrel
about * 0,01 feet, Two types of monuments were used. One consiasted of
ordinary concrete poured inioc f~inch dlemster holes 3 feet deap. The
other type wes made of a savdust=sand-portland cement mixture which had
a densi%y of 100 povnds per cubdbic foot, so as to be abont the sams den-
ity as the swrrounding sarth, The latter were 6 inches 1n diemeter
and 18 inches deep., The light =monuments duplicated the heaviaer along
westerly lines from both zero points, The heavy monuments were placed
along eight radial lines about each zero, They extended from 217 to
800 feet about the uwnderground zero and from 225 to 800 feeil about the
surface zerag,

In the post~shot surveye, no assymetry was found between the south-
erly (along the major dlast lines), the easterly, and the westeriy lines
of mynunents (along the minor blast lines). Therefore, the post-shot
readings were omitted along the other radial lines, XNo variation in
disnlacements could ba noted betwean the heavy and the light monumenta.

by
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It has been assumed that the monumonts gave a true indication of perma~
nent displacements of tha ground surface and that displacesenta were
symesrical about each zero.

Tigures 5,6 and 5,7 show “he observed horizontal ani vertical dis-
placements ont to a range of 500 feet mround the underground zero, It
will be noted that this extends well past the point where observed move—
nents are distingulishable from the probable error of the mezsureranta,

Pormanent horizontal displacements were all radlally outward frox
zero, ~hey varied in mognitudae from 1.8 fest at tae 217-00% razge
dowvn to & negligible arount ai adout the UO0-feot rangs, Pernanent wver-
tical dlisplacemants wers about one-sighth of the hprizontsld a% respegw
tive ranges, They were upward inside of 30 feet and dowvnward betwean
350 and 500 feet, It would appear that movements upward due %o gross
ddgplacenent of earth near the crater overshadowed a 3light enbasidence
due %o some minor consolidation of the soil., As the close-in effect
disappeared, the zubsidence btecame apparent at inferzediate ranges.

Although extirapolation of observed ground surface displacemsnte %o
the edze of the underground crater would lndicate that adoub 3 fest of
horizontal and % foot of vertical displacenent occurred, thore wea no
epparent shattering of the naiural soil structiure on the face of the
cratsr, REzvoled gurfaces from loose sand and gravel and steeper faces
from the bettsr consollidated callche lenses wers clecrly differantiated,

Yo permanent diaplecements wore noted around the surface zerc at the
izaner 1irit of observetions 115 feet from zero, The same apparent ia-
tezrity of the natural soll structure at the crater fece was noted, I%
should be noted that these observed displacements wera far less than
wonld ve expocted from scalsd results of the HE tests at the Dugway
Provirg Ground 10/,




CEAPTFR 6

EFFECIS 0N STRUCIURES

bel GEINERAL

Teat siructures wer?s locatsd arouind the underground zero in order
to observe the damaging effacts of ground shock and air blass azd o
study structaral response to impnlslve loading, A 1ist of the fest
projects and a layout plan for the teat structures is included in
Appendix 3, Measuremeats wore nede af the applied loadings, of structur-
al action under these loadings, and of ihe permanent effecis on the %sst
structures, Ia general, the observed effects on atructures agree well
with the responses caleculated from the observed loadings, %Sonfideacs in
the methods of calculation is incressed mccordingly, Fowever, “ha turied
structures were pot sufficlently lezded te glve deflectlons ints %tho
Plastic range end as a result there are still some questionadle factors
for a dotermination of their ultimate resistance. Moro asevere hendicaps
exist in axtrapolating the effecis of the 1,2 KT bord detonatsd in dry,
gandy gsoll in order to evazluates operational weapons detonated in othsr
goils, Such extrapolations requlre the use of ascaling lawvs along with
soll coupling and attenmnation factors developel from HE experinents,
which falled to predict ithe resulis odbuserved in these nuclear tesio,
mriicularly with reapect wo time scaling,

A conaiderable nuzmber of the %est structures are not dirsctly
represeuntative of standerd building types but are targets designed for
the syvudy of some particuler phase of the complete loadirg-response
Ppattern, Inferences as to the effect of the test weapon on pormal
structures cannat be based dlrectly on the obeerved effects on the %{est
structures but mst slse take account of thelr relative resigiance com-
pared to normal construction,

6.2 SURFACE STRUCTURES

A1l of the surfece atructures received the major portion 2f thelr
loading from air blast end in no case was the effect of ground acceler-
ation important, This was true for the idenlized targets (bdare colunns
supporting massive slads at ranges from US0 to 875 feet) and for the
bullding roplicaes {reinforsed concrete frames with brick curta’n walls
at 900 feet aud brick chirmneys at 7% and 1050 feet). In the case of
the idealized targets, the importance of air bdlest had been realized and
an effort made to reduce its effect by Btreamliining ani by presenting as
Bmall an area &s possible to the blamt, Considerable interest has been
showvn in the high peak values of ground acceleration induced by air blast,
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Hovever, i% 13 now apparent that ground acceleration is of neglligidle
importance ir determining the extent of structural damege, In the svent
that greater scaled dspths of detonation or other factors should se re—
duece the relative magnifude of air blast as to make any ground scceler-
ation significant in determining structural demegse, it is clear “hat the
air blast induced acceleration will have been similarly reduced in rela-
tive magnitude and the primary ard secondary acteleratione wonld dominate
the picture, This pattern of relatlive effectiveness is reinforced if
consideration is given to the exiremely short periods of the air irduced
aceeleration pulsas as compared to those directly Yransmitted,

6.3 BURIED STEUCTURES

Tae burled %est structures were loaded primarily by ground pressures,
As was noted in Paragraph 5.5, the significant pressures are a%iributed
to alr-blest-indvced effects for all but the reglon immediatelr surrounde
ing tba crater. Although other field conditions might msterlall;y alter
tkis picture, the ground precsunre pulse which resulted from taa alr dlast
had the same relatively zlow rise time and long dnration s pulseg trange
=itted directly throuvgh the earth, As a result, the methsd of frans-
=isaslion of the ground shock has not been an lmportant factor in the
analysis of completely buried structures, Unfortunately, Pturied c¢2lls
which wore designed to indica%e ths effect of structural resilience on
epplied preasure were open at the top 2nd thus received a heavy air
pressure leoading on the inside &%t the same time the heavy grcou-d pressurs
pulse arrived av the outslde, MajJor uncertainties are thus inirodaced
into the res1l%s of theas tes%s, The problem of effect on the loalling
resulting fvsm the rotlion of %he structure or its elements hae not MHeen
regolved, Such motion has ths affect of changing the spplied pregsure.
The degree of change depsnds upon the relative velocltlies, at zny in-
stant, of the noil particles and the portion of the structure sdjacent
therete, This test has given no result{s from which ap estimate of what
thip effect would be-for larger deflections, such as would cceur vith
rlasilec deformation, )

The foregoilng discussion of sffects on buried consiruction 1s con-
cerrned solely with the structural shell and not with its contents, 1%
is poraible that ground acceleration would be important in debermining
the damaze to relatively fraglle contenta of a siructure strong enough
to resis% the esscociated ground pressurss,

The limlted range of perrenent ground displacesents noted in-
Paragraph 5.6 corrolates with the lack of demage to structures which
vould be damaged prirarily by dieplacements At the undorground site
these ineluded li—inch end 18-irch reinforced concrete pavement slabs
at 500 fest from ground zero, a contipupus 6~inch cest iron weter line
ronning from 600 to 1800 feet, S0-foot sectione of 15-inch plain concrets
?ipe covering ihe same ranges and E=inch and 12-inch reinforced concrete
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pavensn} alabs at 1200 fest, No evidence of damage or movement was
obaervad for any of these simiciures.

b, 4 SHATTS

VYertizel shafts, made up of nine 5-foot sections of 6~iach pipe,
were located at warious ranges and with several orientetions about both
ground zeros to meagsura variation of permanent dlaplmcements as a funcew
tion of depth., Table 6.1 shows the observed displaccments for these
shafis around the underground zeroc. ln all cases, the displacersnt was
restricted % the top 5=foot sectlion,

PARLE §.1

Permanent Displacement of Teritical Shafts
Argund Underground Zere

Range Oriantation Horizontal T_ Versical
{feot) - {test) {fect)
1312,5 Yest 0,03 (Tangential) - 0,02
250 South 0,67 + 0,02
312,5 South 0.83 - 0,05
3 South 0.0% - 0,02
500 Soush ' .02 ~ 0,02
312,5 ﬂ East 0.03

Note: + vertical displeacement is upward.
Horizonial Displaceanentis are radially out except as noied.

The displacemenis noted were erratic vhen compared %o the ground
surface movements at corresponding ranzes, The reasens for this are not
clear »u} it may be due In part to poor coraolidation of the backfill
botwoon the plpes and the sides of the drill holes., Another possidle
cause for discrepancies along the line is damage by heavy vehiclss which
oparated in this area bdetween the prew- and post-chot measurements.
Simllar shafts placed in the same patiern around the surface zero showed
ns percansat displacements,

6.5 EREINFORGED COECRMTE BOX

A magsive reinforced concrete box (25! X 25' X 17! high with 5!
thick reinforced concrete front and rear walls) was undanaged and vas
found %o have permanent displacenent of two or three hundreths of a
foot, The bdox was leocated 238 fest from the underground zere in a reglon
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vhere about 0,9 feet horizontsl and Q0,1 feet veriical movement was
observed in the ground surface, “he top of the box was B feet balow
normal ground surface, Observations on the vertical shafte, Cescribed
in the rrevicus section, indicate that permanent ground dlsplacemerts
were eisentlally surface phenomena, There is no indication that the
structure did not Tove with the earth immediately surrounding 1%, al=-
though the siructurels cbserved permanent dlaplacement was much less
than that of the permanent displacement monumenta set in the ground
surface at this range.

6.6 NMISSILES

Sections of reinforced concrste highway sirips and vertical wallse
were placed near the underground atomic burst to provide scuree maierial
%o eveluate the damage potential of missiles produced by underground
nucleer axrplosions, It wase shown that little or no military sligonificence
should be attached to missiles since high missile density does not axtend
beyond the area of major demage dy air Plast., A very low densltiy of
nispgiles was fornd bebwsen 1500 feet and I000 fest from ground zero,
These missiles wers originelly between 30 and 50 feet from ground zoro.
Kajor damage might have accrued in the range 400 feet to 1500 fest from
missiles originating 50 to 85 feet from ground zere,

Scaling of miesile effect 40 an vperational size weapon dstorated
under a continuous reinforced concrete runway 18 inches tialck reveals
that darmsze by the mechanism of air blest will exftend further 7y = facter
of 2 ttan damage by the mechanisa of niseiles,

6.7 STMMARY

Alr blast was the slgnificant effect causing damege %o surfece
gtructnres for the 1.2 ET woapon detonated at this shallow depth, It
should be noted that the effect of air blast incresses in proportion
to ground acceleration as the asize of the weapon increases,

¥arth pressure induced by the passing alr blast, rather then pres-
sure {ransmitied directly throungh the earth, was the plgnificant sifesct
in deterninirg the maximum leeding of shallow buried structures even at
relatively short renges., The region where directly ftransmitted earth
shock wes of sufficlent eirength to demage light undergrouvnd structures
appoars %o have bPeen limited to an area with s dlameter mot greater
than twice that of the cratar,

The sffects on fhe Tuogvey box and on the sodl at the crater surface
indicate that very heavy structures would have to be within the crater
1tpelf to suffer major damsge,
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CHAPTER T

THFIMAL RADIATION

7.1 THZEMAL RADIATION VS DISTANCE

Figure T.1 shows a comparison of the observed valnes of sherral
radiation A%t severzl 4lstarcos with the theorsticel variation %o Va
expectod in extremely clear air, The curve 1s adjusted in maznitudo teo
fit the data and the scope 1s determined by theoretical relationships,

T2 SPEICTRUM QF TEFRMAL BADIATION - SURFACE DETONATION

The ppectrum of the thormal radiation from the surface detonatien
differed froxn that odbeerved in an a2ir burst in tha’ the major portion of
the energy is in the infrered rather than the vislble region, The obe
served spoctral distribution at €000 fost from the burst is showm in
Table 7.ls Thermal radiation effects were alrost complotely abscat in
the case of the underground detenvation,

TABLE 7.1

Spectral Metrivution of Therrmal Ensrgy
at 5000 Feet from the Surface Shot

i Wave Length Totel Thermal Faergy ;
[rLaaa than 3500 A 0.0264 cal/en?

i 3500 = 6500 & 0.0288 calfcn®

g £500 - 28,500 A 0,211 calfen®

L
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CHAFZER 8

2ADIOLOGICAL RFFECIS

8.1 GEYEZAL

The JANGLE tests d-ronztrated that eurfeace and underzround deto-
cations of atomic wearons are characterized by areas of high residaial
contamiration, The radicaciive debris from such detonatlons ip admixed
with considorable earth mater)sl and forms lovw clouds with a la—ge
proportion of the active materials assoclated with large particl.es. The
fall=cut from the restliinz radloactive clouds 1a largely governed by
the size distiribution of the perticles and the wind, Xor the JANGLE
surface detonaticn the average wind velocity was about three <iuss that
for the mndergrourd detoration, based on tlze of arrival consllsrations,
This resulted in a much lonsor and nerrowver dowmwind streak of contami-
nation for the surface detonation,

g.2 CGAMMA RADIATION DOSE RASS VS TIMA

Scintilletion counter doss rate versus time data were collest:f for
the period fron onc~tenth second efter dotonation up %o as lorng as plus
48 hours for boih JANGLE ghots, Statlons were located alorg six racial
lines extendirz from 2000 feet cui to €000 feot upwird erd crosswind end
a3 moch =3 14,200 feot dowrwind (see Appendix D),

These seintillatlon dose-rate measuroments were augmeniod Yy monitor
survey resdings with more extensive area coverage (Projects 2,la and
2,13), In addition dose-rate versue time data with millisecornd tino
resolaition were obtalned for BUSTZIR alr bursts at twe statlions and he
JANGLZ unéerground sho% at one station (LASL BUSTER/JANGLE Zcpert 10,6),
These latter reasuromenta allow correction of the integrated scintilla-
tior counter cdata for the contribtution in the firet teath of & nesond,

Figares 8,1 throvgh 8.4 phow dose rate versus time and in%cgrated
dogo verasus tims rocords for one upwind and one dowvnwind lina of staticns
for each of the JANGLE dctonztionma,

Contours of genma radiation dose rate ai one hour after datonation
appeer in Plgure 8,5 for the 1.2 KT surface shnt and in Figure &,6 for
the 1,2 KT underground shot, Thess contours are bused on scintilletion
countecr rate measurements, considered reliable to within 25 per cont,
Avgmented with monitor survey data which shoved reasonable correoletion
¥ith the sciniillation data,
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¥ho norral fisslon product docay lay (t"l‘a) vas fowrd %o e2pply
quite rezsopably to doso-rate readings excopt during ths perisd when the
neptunivon contribution was hizh reolative to toftal filssion produst activie
ty. Tho angpiunivay contrivution was significany for both doctonations for
the period froa 48 hours %o tvo woeks afier dstonation with a zaxiszum
effect ot abont plua five doys. The normel dccey lew should be applied
with caution wihcn correcting zonitor date back %o two hovrs or carlier
becausd of tizo of arrival consldorations,

8,3 TOTAL GaMMA BADIATION DOSY MRASURIMTNITS

Total gamma rediation dosaze data are avallable fron ths iatezration
of scintillatieon counter dosc=rate date and from garma radiation doae
filz neaswrenents ermploying the Nationnl Bareaw of Standards typs filn
dosinster and baldor, The filn neapurenents were teken 3 fe3{ above tho
ground over a brozd pattorn extonding out %o 10 miles dowvnwind, This
coverage was avgmented bty filn meesurenpents for calibration and corrole-
tion parroses at all particle sespling stationa, animal locationsm, and
in foxholes at severcl distancea,

The gamza radiailon dosrge recoived in the firct 10 secconds vexnus
radial range fron ground zore is corpared for 1.2 ET elxr, gurfacs and
undorgrournd bursts in Flgure 8,7, Ths 10~gecond dosage for tha wnder—
ground and sorface dotonmiions ie bzsed on integrated scintillation count
er datz corrccted for the coniriPution duripz the Iired onc-ionth of a
second, In the first tentd of a zecond for the pnderground shot the dass
is about 10 por cemt of the total rceoived in the firast sccond, while for
the surfaco burst 1% is probably vory nearly that for alr burats or about

50 Iszer cont of the total for tha first dccond (LASL BUSTIR/JANGLI Rcport
10.6).

Gamma radiation dosage contours are preseatsd in Figures 3,3 and
8.9 for the cuzmlative dosage in the firzu 10 minutes and in PFigurea
2.10 and £,11 for the firs% hour, These curves were odtained by the
intczration of seintillation counter dose rate data, amuvgzented by garmra
film and monitor data {(Projest 2,1a),

8.4 EADIOLOGICAL INPORTANCH OF BAST SURGI

The JANGLE nrdorground shot produced a linlted base surze vhich ox-
tonded radially uwpwind about 1700 faat and crosswind as much a3z 2200
feet. The radiolegicel importance of this marginal baze surge 1s subject
to question, ZFvidence thet the contribution of the JAFGLE bese surze %o
residuzl contamination is minor is given in the report of Project 2,0,
Hoverer, ithe toat resulia wore not sufficiently conclusiva to discount
the imzportancs of the base surge without furiher evelustion.

At azaller scaled depths 2o boase surge forrmation is to be expected.

69




At greater scaled depths the base suwrge should increass in importance ea
an agent for the distritution of contaminmtion. The disiribution of
contamination for greater scaled depths has not been studied but indica=-
tions are that mixing and distribution will not be uniform and thet a
larger portion of the activity wlll be deposited nsar %the crater,

8.5 GAMMA ENTRGY MZASURFMENTS

The offective encrgy of the gamma radiation in the residual
contaminastion fleld was investigated by use of seis of encrgy depcndcnt
fon chanbers (Project 2,%a), In addition the dezreded fiold specirum
vas nmernsured gt a punbsr of locatlons and tizaas of low field intensity
by meens of a sclntillasion countsr gamma ray speciromster, 3Bccause of
technical difficulties, the scintlillatlion specirometer necsurasments pro=
vided results only for %he underground shot and did not provids data
on tre energy distribution above about 500 kev. The results of thems
experinents are consistent, They indicate a low effective gexmma ray
enargy with a very high contritution of soft radiation, The principal
resuits srs 23 follova!l

2, The effective eacrgy values from the jon chanber messuremente
varied from 84 to 140 kev for the surface detomstlon and f=om 113 4o
144 kev for the underground dctoration. These resultas apply only to
points of relatively low gomma fleld intensity for psriods afior the
firat scvyersal hours,

be In generel the sffective encrzy value decrezsed with distence
fron the crator end dccreascd with time over the first seversl days,
The decrease with dictence 1s atfiributzble to a larger proportiorate
contribution of ascatierel radiation at the rore dlstant points vkhere the
conzantration of local conterdinaiion 18 lover, The dczrecasze with time
ray be in part attributable to the growth of neptunium condribution
{ses Parzeraph £.8),

Tigure 8,12 givea the energy éistribution of the dczgradced garra
rediztion at %vo points of low field intensity for the undergrourd shat,
The location of siailons indicated on the fizure sre idcntificd in
Firure D.2. The high proporilion of soft radlation ia eigcnificont since
there is a wide divergcnee in the eacrgy rearwneo of rost rodiciion
ncesuring instruments for these low encrgies,

S.6 3INTA BADIATION l'PASURILTNTS

Bota film nmessurencria vore carried put to dctcrzine the bate~ray
encrgles znd ths ratio of Dboia to goarsemray lonlcatlen recultiing from
the rcziduel contariration following undergrourd and surfesce atozle
dctonntions (Project 2,42), The prircipal resumlis of thece mcacaree
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ments are srorarized o3 follovnt

a, The ecguivelcnt pnaxicmea exsrgy of bota roys of rosiducd core
taziration resulticg fron the eurfeco detoraitlon was 1,7 Mev or leas
evercged over a period of 24 koura following the dotonstion.

b The equivalent maxirun enorgy of bota raya of residual cop=
tzninstion rejultirg from the underground dotonation yvas 2,0 Hov or less
avoreged ovor a period of 70 hours following the dotonation,

¢. Botioo of bota to gomna fonlzation as ncasurcd by pkotographic

filn peckets ranged from 2 to 100 dcpending upon the location of the
peckats with reference to the residunl contanination area, Tho highcst
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figure vas obtzined at a distance of 1.5 1nches above the contanminated
surface, The rapld decresse in the bota~gamma lonization ratis za +he
distance is increased indicates that clothing will afford substantial
protection end that beta rediation is a potential hazard only for cone
tenination in ddrect contect with the skin,

8.7 PARCICLR STUDIES

Fall-out and nexr grourd dust clouwds wore sa—plcd oxtensively with
a variety of collectors over a broad pattern extending downwind a
distance of 10 mlles, Scattercd mezsouriments of fall-gud and dust
concentrationa vere rado ot grcator distancces, These collections wore
exenined to determine particle oize ddotribution as a functiocn of dis-
tance, tho gilze end esctivity dictiribution of radiosctive particles, sad
the coneentration of radicactive particles in dust clovds, Humerous
studies were carried out to doternine the physical and cherical nature
of lndividual redioactive perticles,

Jolunirnsus data hzve been complled and are presented in thoe ro=
ports of Projects 2,5e-1, 2,5a~2, 2nd 2,5e=3, Those data are at pressnt
in an inecnplets state of correlation and evaluation, Thore are nomsr—
our inconsistencies 1n the data thet reszult from the linltations of the
collection Instroments znd of fthe tcohnigues exployed in the anclysis of
glre disiritutions for the vide renze of particle sisca involved. In
eddition thero are inpufflclent data to catablish the rate of folleoutd
¥lth time and the psr et of total redisectivity itbhet wvaes carried by
the sreller size frcetions vhieh largely rersincd airdborne. Theae
factors, *ogother with the svidcnse of very incomplete mixing of radie-
ective and lnert debris, scriously limit the relisble dcoter—irsiion of
the gross slze distribtuniion of the radioactive particulates,

8.7+1 Principal Results and Concluslons from Particle Studies

The specific agtivity of fall-out from both JAFGLE doto-
nations incressed with distance downwind, testifying to the incoczpletse
oixring of radicactive products with gross crater debris snd indicating
eccocliation of active natorisl with the upper clomd, Althausgh the
spccific ectivity 1lnereased vith digtance, the total activity at a given
stetion deorcascd with distercs,

Tha btolk of the eciivity of the fz2ll—ut mnateriel ir arecs
of slgnificant residusl contenination resvlting from tho surface shoi
vzs accoclated vith lerge particles, For the underground shot a sube
Bvantial portion of tho activify vos mosociated with porticles undor
75 nicrons, The froction of totel setivity carried by particlos in the
ecaller slze ranze increczsed vith radicl distence vithin the base surge
erea £nd ircrecsed rore slovly in the dsvnvind dircctilon boyond the
surgo limit, The per cent of total st-otion activity ecsoclated with
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particles undsr 75 microng diameter at statlons along tho dowvnwiad line
is presented in Figurcs £,13 and 3,1k,

The per cont of totel activity carrled in each of %hroa
arbitrary siz? renzes, avoraged over 10 fall—out collections rede withe
in 3 nilos dowvnywind of ths point of datornation, 18 presented in Tabdble B,2,

TABLE 8,2
Actlvity va Particle Sizse

Dovawind
Sizo aof Surfzco Shot Undarground Shot
Fraction Por cent of Total Per gont of Toial

(p} Fall-out Acsivity Fallecut Activity

Q=2 0 -1 0.5 -1
2-20 056 2-5
> 20 93 - 100 94 - 96

Studdice of tine of arrivol of fall--aut Indicate that tho
heavy initial fallmout at tho rore Aistent stations even for tho vnder-
ground detonation originates from meterial eaorriod ia the hizhar leovels
ef grcater wind spoed with subseoquent lighter depesitlons of materlal
carricd by the lower wirds,

fhe highoat sagpled concentrations of radicactive materisls
{n the near ground dust clouds appsar to be about 103 and 10~ micro=
surles of beta activiiy per cuble centimeisr of alr for the surfece and
pnderground dotonations respectively. These concentrations wers meocasur-
el at dowvawind distances of about 2000 to Y000 feet, Tho conceatrstions
foll off rapldliy crosswind and at greater distancos dovowind, The values
of concontrations gilvon above apply to en exposvre averaged ovar the
approzirate porled fron arrival to doparturs of the ecloud end with the
bota ectivily corrceted to the avercze time of exposure, Thus for the
underground shot, the concentration of 101 microcuries per cudlc centi-
meter 1la an everage for 10 minvitea exposure with the deta sctivity
\ corrected to about 8 mlmtos after dstonatlon,

It is of intercat %o noto that inhalation by enirals located
in areas receiving the highest dust concentrations from the wndorground
shot did not result in retention of physiologically significant azounts
of activity., Seo Parograph 8.9, The fraction of the total ectivity
carried by perticlea in size runge of 0.5 to 8 microns diamoter, while
not well eatablished by the data, waas cortainly low, The perticles in
this size range are consldersd to deternine the inhalation hazard.
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8,8 NATUR® OF RTSIDUAL CORNRAMINATION

Radiochomioal apnnlyssa ard docay and absorpilion measurcaents were
made for a wida varlety of szzplea of residual contaminaiion, OCore
sazplcs from the crater lips were taken to determine the dopth distri-
bution of radioacilve materials, Ffurfacs esemples from tha crater lips
and fall-zut sarples wsre exanined to assess variailons in ths rolative
abundance of fisaion products and in the occurrence of nsutron indvczd
activitles with distance. The more algnificant results of these siundles
are the following:

a, Neptunium-239 wvas found to be the only isotope other than fig-—
slon preducte thet contributed siznificantly %o reszldval contanination,
During the period between 15 and 300 bours the deta activity of neptu-
nivm was greater then that of the flsslion products, At the time cof 14s
bighest relative contribution, about five days after detonatlon, the
neptuninn activity was about three times the totel fission product
activity, Since the neptuniun 1s produced by neutreon capture
—__core uraninn-238, the rztlo of neptuniun to total fission producis
is deteroined by the ratio of uwranium=238 captures to total fissions
and will vary for differeat wezpons. A ncgligidle erpuont of nephtuniuva
reletive to total fission products willl result fron the datornztion of a

J ‘:eapo N

~— e

be The total contritution of ncutron indunced activity in the soll
raterial was found to be no rore then a few per cent of the total fionion
product activity. The amount of neuntron induced soll activliy rolative
to fission prodnct activity is highest at the crater lipa., It may be
appreciadble in thie location during the first day or two dus %o the
contritution from sodiu-24, potagsinm-i2 and manganese56, Feutron
induced soll activity should te emall for surface and subsurfazce dotc—
zations in most soils for all wecpons except these in which the ratlo of
escaps neutrons to total flsslors is markedly increased over the ratie
for the JANGLE weapon,

Cs The beie and geara radietion dccay rates for bLoth JANGLI datoe-
nations show departure from the normel fission product decay rats,
particularly during the first tuo voeeks vhen the nspiunium contritutlon
is significant, The beta activity of soll eemples from the surface
burst can be represented by an equatlon describing only the decay of fis-
elon products and neptuniun (see Figure 8,15). Ths same representatlion
d41d not give good agreement wlth the odbserved decay for tho underground
gshot sanmples, indicating perhups a larger contridbution of 1nduccd eoll
activities, more extensive fractionation of fission products, or both,

4, Most of the redioactivity at the crater lips for both craters
vas concentratcd on the murface with a rapid fall oiff of specific ac—
tivity with dopth, At & depth of one inch the activity was Leas than
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five per cent of tho murfpce sctivity and sonme of the subsurface actlvitly
zay be due to toavoidable contanination arlsing fron the method of core

sampling,
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e, The dezroe of frzaciionation of fission products from the JANGLA
dotopations was shown to be quite great and depondent on the placa end
method of sampling, Strontitm-89 snd barium~140, vhose relative cercon=-
tration incrzasecd wiih distance and with tine of collection, wore found
to fractionate wore than othor fission prodncts,

f, FExperirsnts on effect of weatherirg end leaching of resicual
contamination on the ground with water, detergonts, and chenical szents
indicated very little tranaport of coenteaipnation by such methods,

8.9 INHALATION STUDIES

Dogs and sheep were oxposed on the ground surface and 1n foxholes
at diastances of 2500 to EOGC feet in the predicted downvwind direcctien
from each shot, The purpose of the exposure was %0 allow the assessment
of hazards due to inhclation of radioactive dusts associlated with theose
detonations and to compare internal and external radlation dosegos,

The anirals exposed during the wnderground detonatlon overlapped
the center of concentration of downwind dusts and fall-out in the rarnge
of exposure dietanceaz, Those exposed during the surfocoe deotonation wero
crosswind with a consequontly low exposure of active m2iorinls,

Exposed anirmals were sacrificed in groups on a time achcdrle frono
K+ 10 hourg to D + 70 doys, Ilung tieguo, soft $iscaca, bons, urinc, and
gat contents were ashed and assayed for radlosctivity., Radlosutezraphs.
of tissus eections were rade, . )

Total body sctivity for animels exposed in the underground tcaé
ranged from 2 to 31 mlicrocuries corrscted to time of sacrifice. For lurg
tisoue, integratced dosage dus to beta enlsalon ranged betwesn 0,2 and
9.0 rep, Rodicantographs of lung tissues indicated the presenco of &

few alphs enittirg particlea. Bone anelyses indfcatod aome upicke of
Bal¥Q ang 3¢90,

“he arsunts of activity toxen wp by the conbinsd ection of irhaln~
tlon end irgestion are not considered to bo physlolezically siynlficant
ovea for anirals rocolving cu—mlative extornnl garna rodinticn dazezen
up to several thousarnd roontgens,

Congideoratior of increzses in concontrntion and cxposure pericd for
larger detonations undor condiiions co-parsble %0 the JANGLI tcats irw
dicatos total redicactivity uptoke should inorcase opproxirately as the

cube root of the yield with little change in the rolativo intorzal $o
externel dogage Tatlos,

It 1s clear that no inhalation harard of militory significeonce
indepondont of an external harard of rore serious consequcnce exists
for personnel in the cven or even for thnse with rsaderate shielding in
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vyehiclea or foxhonlesa,

The internal dose, indocpendent of the external gamma radiation
hnzard, eppoars to be ingufficient to produce tissue damege over & short
period of time, Howsver, the possibllity of long term diologlical effecta
due to inkalaticn is not ruled ont although there is no posltive evidence
that such long torm hazards exrdst.

These conclusions should be applied with ccution to conditions vary-
ing widely from thoae of the JALGLE tests since concentrations of active
particles in the size range of 0,5 % & nicrons, vhich deternine the
tnkalatisn problen, may be altered conslderadbly for othsr golls, depths
of detoration, and meteorclogical condltions,

8,10 G4 DIPTE-DOSE MELSURD(INTS

Gemma radiation dcpth~dose msasurements in approximately unit density
caterinl were mnde a% positions upvind of both the surface and underground
points of deionstion, umsing the seme techniques employed at the IREIXEOUSE
and BUSTIR tests (Projezt 2,Ub).

The results epply only 4o initial gamma rediatien independcnt of
appreciable contritution from residual contamination, They indicate no
significant difference in the veriation of initial gomea rzdiction dose
vith dopth for the JAKZLE dstonctions from thet for air bursts,

8.11 SATLIIG $ICLIOUr3

Rerate-conirolled wozsals woro successfully eaployed for ecrly some

plinz of particulate ruterinis in areas of hish ger=a redistion intenzity.
In 2ddition tho vae ef roitrisvabie mlssiles far such sorpling wos teosted
wlth s=eecoa,

The use of rewie-controlled vehicles basg the advantsze of range of
oporatlion, Turther, wuch vehicles can be ejuipped for core sampling and
a variety of other mechanical functions, The exporiencs gained in ihe
techniques of reznte control, inclnding the televislon conitorirg syctem
‘hat w28 cuccessfully exploycd in this teat, shovld contribute “o the
application of these teckhnigues in other flelds of intersst,

¥ithin thoir limited ranse, the use of rcocirievabls nissiles is
ingiccted 2g a far rore ccononicel rmethod for the rezote colleciion of
curfeee sorrples, It shonld be no Problen %o ccalo up the rissile size
for eppreciadls ircrezse in rernge, Larger nicslles of this type sbonld

de adequate to mect moet reguircacnts for recoie surface sampling in
connectlion with forther atonic tests,




CHAPTER 9

TESTS QF SIEVICK EQUIEMENT AND OPFRATIONS

9.1 IXTEQTLUCZION

At Operation JANGLE the fleld sultabllity of egquip:zent snd tcshe
niques developed to minimlize the restrlctions and hazards associnted with
widespread residusl radioactive contamination wes evaluated. Operatlon
JANGLE was the second operation during which atomic boabds wore dotse
rated Iin such 8 way se to produce areas of high intensity radioective

contaminstion suffliciently large to be of slgnificance to military
operationsa,

The first such detonation was Blkini Baker where ships and eguip-
ment guffered serious mechanieal daxage in an area of only three quortors
of a squnre mile while ships well beyond thisg area, particularly in a
downwind direction, incurred extensive residunal redioactive contamination,
A8 a rogult of Bikinl Baker consldorable military research and dovelop-
ment effort wes devotied 4o providing tschniques and equipzment $¢ allevi-=
ate residual redicesctive contamination bazerde., This effort led to the
dovelorment of redlac equipment bullt teo military especifications, develop-
rent of radiocactive decontamination procedures, and the application of
individual and collective proteciive equipment. Those poriione of the
test progrem of Operation JANGLE vhich were concerned with tha field
evaluation of these developmenta and with tests to determine copabilitios
of standard service equipment in areas of serious residual radiceciire
contaxiration are briefly sumrarized in this section,

9.2 I7ALUATIOR OF MILITARY RADIAGC EQUIFMENT

Four types of poriadle radiac survey instruments wore fiold testod
Yy actusl usegoe in srea survey, health monitorirg, ard decontamination
wvork, All ipstruments required considerable preparation and painienunce
work end the mojority were heavy and large, None of these instruments
¥ore capabls of indicating rore than 50 r/hr although, oven under the
conservative tolerances specified for these tests, linited operations
vera condvcted in areas of several hundred roeutgens per hour intensity.

Two types of portable radies survoy instruments (AN/PIR~12 and AH/
PIE~32) received 1imitod informative testinz for ergincerinz and teche
2oal guidonce, Radiec Set AN/PIR-32 was the most satisfactory of all
the insirunents from the stendpoint of 8lze, welzht, and marimum range

(500 r/hr), howvever, its ruggcdness and rellability ae a military survey
instrvaent wore not astabdlished,
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A developmental rodel of an antomatic unlt for processing ve'=type,
radintion doasge film was operated and evaluated during these tesis.
The unit vas found %o be unsatisfactory since it could not malntain
uniforn photographic developrment when operating for periods of time
lopger than 20 =inutes., During this cperatlon one men developed by hand
rore film per bsur then the eutorniiec umnit can proceas at its theoretical
mordrmm speed of 600 tadses per kour, It wae decided during $his teat
that the loedins, developing, vxashing, end drylng times wers mot the rost
gignificant factors in the overell rate of film handling end processing,
The rore time-conennming ¢perations were those involving the racoval of
the film from the packcts, rezxding tho film on the densitometer, record-
ing of rezulis znd various other handllng detalils,

Lavoratory rodels of portable air ronitoring cguipment, dealgnad te
dstornine the alr locading of rediozcilve particles, were opearated in the
contaminated arex to detormine fexsihilliy of portable monitors and to
obtzin inforresion for future develepment, Ferazraph £,3 indicotes
that radioactive airborme dust is not a hazara In militery Tield opora-
ticns,

9,3 ATRIAL RATIOIOQICLYL SURVEY TICERIQUES

Airborne radiac equipnmcnts (AN/ADR-YL, Type F=-1, and AN/ATE-1) have
Yeen dsvcloped by the Hevy and Alr Foree for uwse in the rapid survey of
ereag of radiosciive conicainailon on the grouved (Projects 2.lc-l and
2,1c-2). The cquipment w28 designed to msasure the ganmma dosc-rate at
altituAo and introduces a correctlon for aliituda to defermine grourd
intensity, It was concidered that this ipformatlon, whea corrolatséd
vith the airplenels course, ground spesd and a point of orientatien,
vould permit the construction of dose~rate contour meps of the gromnd
conterination,

Exparience in the JAXGLE tests indicates that the gperational
84fficulties and svaluailon provleas involved in the rapid serial survey
of contarinsted areas, rosuliing from surfeco and wxderground astorioe
detonations, lend doudt to the reliability of such tcchniques esnd to
thoir utilisy in rilitery operations, The principal difficultics 1inw
volved o-s the follevinst

e, Fockcis of ailrtorne dodris reonin over aress of irrcsuler ter-
rein for considerable periods efter the cloud hee prssed dovmvind, Thore
is 10 vay of dlseriminating bstween sirborme dobris snd ground conta—i-
netlon, pariiculerly cinco the distribution of elrborme ectivity vorles
in concontration snd cxteat with sliiivde, The prosence of ai~borne
debris will resul% in excezaively high survey resdings,

Ye Faintsininz relizbdle rosards of ground and coursd s2ezd for love
level flisht over irrezulsar $crrain with a high cpeed elrcrafs ia a
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difficrlt prodlea,

¢. Tha atoep gradient of gexra rediation interalty with distance
from ground zere for surface and underground bursts results in high
readinzs due to the contridution of highly scaltered radlation., This
renders nnreliasble the evalumtion of ground intensltiss excopt Jor polnis
of pezk intenaity,

Another rapid radiologlcel survey of grouwnd zero and the edjo-~
gent hizhly contaminated ground arca was performed in low=-flyinz alr-
oraft instrunentod with etandard radisc sot AE/PIR~T1B and auto-atic
recording equiraont (Project 5,1)s The location of ground zero and ths
area of Righcat fell-out intonaity wore approxiwmately detormined by this
3UTVYCY e

The survey equipments are meeful for the location of contaminate
od arcsas and establishinz the extent of euch araeaas, Howaver, 1t is sub=
Ject Yo question that aerisl survey techniques can, in the face of the
problcas involved, provids deoso-rate contour maps of ground contanle
nation sufficiently roliabhle and early te assist grourd operations, It
appsars that ths military agplication of these technigres should dbe
carefully revieved,

9,4 FROTRCTION AND DIECONTAMINATION OF LAND TARGETS AKD VEIICLIS

Cperation JANGLE provided the first opporfunity te fiold %est pro-
cedurea for decontamiratirz compenents of a typical land target complex,
It alsp Drovilded basic information wpon which the need for and the
feasidility of dccontaminating ebjects sudbjected to contenination by a
surface or underground atomic bomd dstonratlion may be evaluated, ZThe
results are largely limlted to condliicns where the contamination is
distrituted in a dry atate, Some of the data are at variance with
3lkinl Bakrer vhere the cnntumlnation was dlsiribtuted in a wot atate,

I¢ ves found that only horizontal and near horizontal exprscd
surfacces reiained contznminetion %o a sisnificent extent. Only grocs
charzes in surface roughress woro found inpsriant to the retsation of
conteminstion, and these ware insignificant in cocparison with tho effcet
of surface oricntation, The resulis of the testa of dcconteniretion poo=
ccdures ere suurarized in Table 9.1,

It w23 found feasidle to reduce the general radiation intensity in
a Conteminated land target complex by a factor of 5 %0 10 by decontomi-
nation proccdures using standard construction equi.pm=ent. Howover, the
effort required to ecoomplish this is so extensive that rediosctive
decay will compare favorably with decontanination in redusing rediation
levols under xoe$ operationel situations,
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TABLE 9.1
Decontanination Effectlivenesns
Matarial or !Reducticn Most Sultsble Approximate Hate of
0bject Averaze (%) | Method Accomplishment
Open Land 88 Scraping plus pe- |Scrapingt % acrefequip,
ripheral plowing |hry plovingt 3 acres/
equip, hr
Aaphalt 90 High pressure 1800 sq f%/equip. hr
acelng
Buildinga 80 Yigh pressure 1200 sq ft/eyrip, hr
1oeing
Roof Panels %0 Aigh pressure hos-|600 sq ft/equip, hr
ics with deterzant
Painted Surfaces 30 Jigh pressure hod- (2200 sq f£4/equip, hr
inz with ecrubbing
Vehicles g0 Vacuunming inside, |4 hr for Med, Tenk
i high prescure hos-
ing with detergent
cutslde
¥ood Qg Surface rexoval 1200 sq ft/equip, hr
L
TABLE 9.2

Vehicle Shielding

Vehicle Reduction ($)*

M=24 Tank Inside

1=2l4 Tenk on Fenders
M¥<26 Tenk Inside

V<26 Tank on Fendors
TISE1 TPeraonnel Carrier
23 Ton Truck

i/h Con Truck

= ~on Truck

B3BELT &S

® These reiuctions do not apply at early times pariticularly in
arezs of highest gamra intensity, when the higher effective
gerza energles are ecxvolved end consejuently shielding factors
vill te consideradly lowor,
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Military vehicles and tanks afforded considerable shielding to
pccupants while operalting in a contamlnaied area, Average percentage
reductions rmeasured in low intensity areas after one day are showm in
Tabla 902-

Vealeles epsrtated in the most highly contaminated areas becamse
radloactively ccntaminated %o A degree significent only urder AZC worlke
irz tolerances, V¥hen the ground was wet following a rain, tkis condition
was aggravated, However, under no circumstances would this contazmination
Yo of izportance to a military onsration.

9,5 MILITARY INDIVIDUAL AND COLLECIIVE PROTECTION DEVICES AND CLOTHING

Chealcal Corps protective clothing, Class I (impregnated) and Class
111 {non-lizpregnated), was evaluated for contaminability snd ease of
decontzmination by inert exposure %o the direct fall-out and by exposure
on personnel working in con‘eminsied areas. Impregnated clothing picked
up more corntanination than non-impregnated and was more difficult to de=
contaminate, EHowever, none of the clothing retained contanination in
excass of the szccepiable ATC {olerznce for contimumous retanition and use
without decontarination. All clothing effeciively prevented contamia-
nation of the portions of the body 1t covered,

Collective protectors for tanks, BE20, were tested for suitabllity
Yoth durinz the period of fall-out and during operations in highly
contarmirated arcss, Altkousgh they were found to provido complevs Pro=
tection from the irhalation of radicactive materials, Parsgraphs &,9
and 9,5 indicate that there is no need for this protectiun.

Individual proteciive mask, MJAL, was evaluated for protection
against inhelation of radicactive materials, HNo messurable aciivity
ves found %o have penetrated “he masks worn in the conteminzstied area
produced by she surface burst, Again in Paragraph 8.9 it is indicated
that no military requirenent for this protection exists,

9.6 ETALUATION OF POTZNTIAL RESPIRATORY HAZARDS ASSOCIATED WITH TASK
CPIEATIONS IN A RADIOACTIVZLY GONTAMINATED AFEA

Several %anks ard an Armored personnel carrier wers oporated through
contarinated arezs {as high es 5¢ r/hr), The dust introduced into <the
vehicles by this operation was measured for gross radioactive content.
These measurezents satabllshed the fact that no military hazard %o
Peraonnel in the vehicles is to De expected under the maist favoradle
conditiong for the creation of a radiosctive dust hazard,

Althguzh this project concluded that there may be a potential long

tern bazard, the continued lack of positive evidence to this effect casts
severs doubt that this hazard does exist,
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9.7 COYSIDEPATION OF RADIQACTIVE CONTAMINATION IN MAJOR OVEREAY, OF
AIRCRATT TURBO-JET ENGINZS ’ -

Two Allisom J=33=A-35 engines from two plloted Alr Force T=33A
sircraft which had beea flown throvgh a radioactive clomd on Operation
BUSTEE were proceseed throuzgh routine major overhaul, Nec airborne rafioe
active contaminant hazard existed during engine remsval operatlone three
or four days after contamination, Disassemdly was started 36 days after
exposure for one of the snginec and 92 days for the other, It wvasz found
that special precautlons were required to mast atandard AEC industrial
safety requirements but no great dlfficulty was experienced 1la complying
with these requirements,

9.8 CLOTHISCG NECONTAMINATION AND EVALUATION OF LAUFNDRY MEDEODS

Stendard and special U, S. Army Quartermaster Corps laundering
nothods and standard laundry sguipment were evaluated for field deconw
teminetion of clothing and selected fabrics, No clothing worn by
personnel became contaminated to a significant degree during this
operation. Therefore, thls project was carried out with clothing
deliverately conteninsted with radiocactive material from the fall-~out
area,

The proJject svaluated the standard and several special laundering
formilae, various iypes of clothing materials, and maritoring instrtmenta
(Project 6,7)« The significant result of this project is the indication
that clothing contamination resulting from work in areas contaminated
by atomlec “wob detonatlons wlll not produce even minor injury to per—
sonnel, This conclusion 1s based on consideratlon of the data on
saturation values of delibsratve clothlng contemination reduced to one
hour after detonation, Thse Tesaltant exposure %o personnel would he
less than that required to produce even slight skin irritstlor (com—
parsble 4o mild sunburn). Other conditions, such as muddy %srrain and
tuch higher specific activity, counld lncrease the ampunt »f contami=zatlieon
regcaived by clothinz, but an in:recase 1In level of several orders of
magnituda would “e reguirsd to produce injury. In these cases it 1s
cortain *hat routine standards of cleanliness would effectiivelr prevent
injury from *his csousze,

9,9 ITALUATION OF U,S. ABMY FIILD WATER SUPPLY EQUIPMENT AND OFERATIOHNS

U. S, Army, 3000 gellon, rubber coated, nylon fabrie, water tarks
filled with drincing water wcre found to be undemeged within 500 yards
from the nuclear surface dctonation.

On the occaslon of this test, the vater in the tanks 3id not be-
come contenminated nor ves neuntron induced ectivity produced, It vwms
calculzsted, however, that water in open tanks would have Teen coniami-
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nated to a level above the acceptable risk level I/for 10 days use as a
result of fall-out if the tanks had been located in the heavy fzli-out

area, This area would roughly correspond to the area showing 100 r/hr
or greater at one howr,

Drinking water which was deliberately contaminated %o a significan?
level by adding raddoactive crater 1lip debris was processed through an
Arzy 150 GPM Diatomite Water Purification Set, This equipment removed

84,5 per cent of the dissolved or suspended redioactive matier from
the drinking waler,
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CHAPTIR 10

INDIRESR EJMB DAMAGR ASSESIMEST

10,1 GINIRLL

Opcrational and cxporinental dnta wers obicined on rodor roturas
froz atozlc Yarats uslng cirborne radar equipeznt e2oriod ia borh doe
livery typs aircraft, This technique 18 being developed o3 cn all-
vcather nathod of detcrmining yicld cnd locatiocn of ground zcro,

10,2 KETHCD

The method invelves rotlon pilcture photography of ths PRI sestor
sean prescniadion of reder rourns. Both X-~band reder (AN/APS-23) and
Fe=bazd radar (AS/APS-%3) were utilized on this opsration, The devolope
¢d film shoving the reflcctive cffects ile analyzed for the reguired dats
fron vhich ground zero con be determined, From this and from estinates
of yleld thoe area of doz=ze ¢en be caticated,

10.3 UNDERGZOUND DIIOEATIOR

. The trndorground burst vas Sofcsécd vith bath C(he Z-tond ond the
Euetond rainrs, It cppeared as a bright spot oa the FPI that perclsted
for 1 minuie ond 12 cecords bofore discipating, This rolurn differsd
redically from thot of oo rir brrat, the letdter first cppecaring cs &
hyraeshoc=shoped retura viich expands and graduzlly discipates,

10.% SURFACE DRTORATION

Das to equipment failured no returns wore resorded from the sur=
fecs barst. Since sir btarets kove boen detected, 1% is probable that

rcflestivo offcsts fron 4ho curfzce burst vonld hove boen obtcined ol
the cquipnent boon opcrative.

10,5 COECLYISIOR

It ves detercined thet tho conter of ths bright cpobd odérined ra
& ralnr return from ea uwndcrgronnd muolezr dctonation lo the loce4ion
of ground zere, Ib vas 5% poscitlo to deterrine yicld from the =cfless
tivo effcztn obicincd by thiy nothad cnd ths phezsnmenn yiieh produses
theas cffeats hove rot Toca £ircly catablieked,

The radcoy roburn obicincd vith the Mu-tend rodar vog rare clearly
%Lfined. thea 4kot ebtoined vith the X-kspd reder, fno durotion of ro=
AR w28 cprroxiraicly tho croe for both,
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CHAPTZR 11

LOLG-RANG3 DITECTION

11,1 RADIOQCHEMICAL AMALYSZS

Sacples of alrtorne boub dodris fron the surface shot werse collect=
od aftor trensrort over distarcca of 17C0 and 14,000 statuto miles and
vere identified by radiochcmical arnalysis, Good agreement existed at
those distancos between the locatlons of ths dobris aand its path as
detormined by meteorsloglecal trajectories, The debris from the undor=
ground shot was sarmpled and identifled aftor £00 miloe of travel, butb
neteorological trajectory error, combined with srall cloud dicensions,
resulted in failore to semple the cloud at 1700 miles, Dobris could nont
be identified from collections at 14,000 miles Probably because of the
high backzround resvltinrg from other atomlc explosions,

The giznificant reault of the radiochemical snalysis &a that fis-
slon prodact ratios vary widely with altitude szad ranzo of senple
collection, and dopart radically fron the values given by tho establiahe
od fission yield curvea. This vas dstermined fron satples collectsd on
the ground and at low and high sltitudes from the initiel oloud, =nd
fron air samplos collectcd at distances vy to 1700 niles, This effcct
hag not boen obaorved previously in the U. S. tests on towers or eir
drops. It indicates the necassity to study all possidle methods of
exzaining the debris from aurfeco and undoerground explosions in ordar te
deteraine the ralatlon dotwoen ths flsslonable materials, taopor olenmta,
and products of neutron reactions in temper and core,

11,2 ACOUSTIC DETECTION

Sipnificant signals were dotected by all acoustic stailons locaicd
within 1200 riles of the detonntion point for both JANGLD tes%s, Tho
undergronnd cxplosion was dotocted at a rarze of 2300 nilen,

31zaal levels mcasured at long range were rovghly egulvalcs=t to
those recorded for air burats during Opcration BUSTFR, I4% %hus sppears
that the acoustic detection tcchnigue is just as effective for swrfaco
and shallow undorground dursis as for alr bursts.

The marked directional effect in propagation favorinz transmiasion
%o the e=st verified expectations for winter propagation conditiona,

11,3 SEISMIC IETECTION

Selszlc test facilitleas vere located in Wyoming, QOklehoma, Alabonma,
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and Alaska, Installations 1z ¥yoming and Oklehoma, at 670 and 1000 niles
respectively, wore in an area classified as a close-in seismic chadow,
Although detection in this area was presumed to be more difficult than
at greater ranges beyond the shadow, the Wyoming installation proved te
be supsrior 4o all the others, The surface shot was detected at thias
letter location with an insirumental gain of 100,000 yielding a sizmature
vith & signal/roise ratio of 1t 1 and the unierground burst was detect-
ed with & signelfnoise ratio of 2 3 1, The seigmic energy fron these

tvo shots was found to he abaut equivalent to that from Beker shat,
Operation BUSTAR,

The significent resulte from this test Iincluded (1) the ohaarvsiion
for the firat time a%t lonzg range of an anoralously strong signaiure
corresponding %o a velociiy of 3.2 km/ses; (2) evidence that geological
considerations leading to guniet installations may be overriding in
solscting future seisnic sites; arnd (3) information which will permit
nerrovwing the band width from 10 octaves to 3 octaves with resultant
greator sensldivity. Non-~letection of the low yleld shots Deyond the
¥yoring installatlon is Pelisved due partly to the use of egqulpzent with
a gain of less than 100,000 at the remote stations and partly to ihe
abgorption of a large arount of energy (possidly as high as 90 per gent)
in the valley alluviua gurrounding the deionation poiunt,




CHAPTER 12

EXTRAPOLATION OF TEST RISULTS TO OPERATIQONAL CONDITIONS

12,1 INTROIUCTION

In extreroletinz the observed offects of the test weapons at ths
togt 8lte to estimate the prebadble effcct of opsratlionnl sized weapons
on poteatial operatlonsl targets, 1t 1s necossary to consider the in=-
fluencs of rcany variations betwveen ths condiiionas of the test and other
very coamon oonditions, One of these varlations is the differcnce in
size of the wearons, This requiras scalling, a pursly mathemaiical
process during which other variables are considered to be constani,
Scaling has uncertainties which are, however, very much less than those
to be expectod from varistions in conditions at the point of delivery,

12,2 INFLUZNCE OF SOIL

The target soll along with the veloclity and etiitude at inpact do-
teraine the penstration of the weapnn, Figure 2,1 shows the variation
in expected peneiration r %Piue Yo soil type and impact veolocity,
In turn, the dopth at vhich dotonation occurs is one of the importent
factors in dotcrmirg the fraction of availabls energy which is coupled
into the ground, Hizgh explosive experiments have shown that ths soil
characteristics influence dirccily the coupling of enerzy into ths ground,
A third effect of the soll 1s 1ts influence on the attenuation of ground
shock phenomena with distance. It is important to note that all these
effects are additive, That is, a soll type which allows desper penetra-
tion also gives better coupling of energy into the ground and a lowsr
attonuation to ground transmlitted phenomena,

The nnderzground shot a% the Nevada Teat Site indicated that for
surface structures air blast would be the dsmraging mecharism, TYowaver,
8zall charze HE experiments show that alr blest decreases rapldly aa
decpth of burial inx:rea:.es§7- Cocparison of Dugvay and Heveda HE data for
identical charge depth btut difforent scil shows a reductlon of pcak over—
pressure by a faoctor of two at the Dugway dry clay asite, If delivery
vore effected undor conditions vhich would fasor deeper penetration
(1,2, Plaatic clay) both of the above factors would be operatirz to
gire a major reduction in radll for specific peak overpressures, Dur=ge
to surface structures by eir dlast would be correspondingly reduced,

Damage to structures from ground=-transmitted phenonmena would be
echanced by the delivery of ths| achieve maxrimun pemetration,
i.e,, in plastic clay at maxiran stTiking veloclity. Structural damage
at Dugway vas experienced as a result of ground-transmitted phencnenpa,
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The Dugway soil 1s not the most favorable for ground transmission of
ghock, but 1is thought to bve intermediate between the moyst favorable and
that at the Neovada Test Site., It 18 therefore expected that the radius
of structure darzze due to ground i{ransmitted phenomera would be increase
od under rore favorable conditions,

Due to sarions differences in the ambient field phenomena btetwesn
the EE data from Dugvay and JANGLE end between the JAUCGLE HE series and
the nuclcar shois, a quantitative expression of the atove fastors dopes
not appcar varrented a% this time., In edditlon to the discrepanciles
eristing in the enmbient field phenomena, major questions as o the
gtructural loeding snd the &ffect upon it of strustural response rezain
anansvwered, If, however, 1% is essumed that the differcnces in cobiend
field phenomena ere due golely %o variation in coupling of cnergy into
the ground by ruclear detornations as compared %o high explesive deto=
nations, rough esticates can bHe mada,

The crater due to the underground nuclear shot scaled sccording to
laws derived from HE ¢xporiments and the crater due to the surface
nuclear shot can be corrslatsd with HE data by applylng a ratioual
corroction fastor, (Soe Paragraph 12.4,1,) A4ceordingly, the crater
eizes crpected in various esils ars showm in Tadle 2,1,

At greater dcpths of pcnotiration the base surge will acsume greater
irportence in the sprezd of radlozctivity with a resultent increzse in
the dosages £nd contamiration level within the base surge area, The
optictm candition for bese surge formation is indicated from HX studles
to be at a scelcl depth of adout Xy = 1,0 (300 to 400 £% for the ME-8),

The type of soil and its rmolsture content will influence tase surge
formation, The base surge radial growth curves presented for Dugwvay HI
tests indicate that dry send is the most favorable, wet clay the least
favorable, and dry clay Aintermediate in effectivenesas for base surge
formaiion, Tkus & base surge produced by an explosion in dry sand is
lerger and grows fester than the surge produced 1n clay soils,

Particle size distribution nay be rarkedly affected by eoll type.
One vould expect a clay toil to bove a anmaller perticle size on the
average and result in a grezier cpread of contaminntlon than would be
found for send.

In the zhove tn essentislly borsgeneous soll nmedium has bean con-
oidered, Leock of deteiled knowledze of the geoslegy underlying the terget
area would rendcr the picture indetercinate for ground~tremsnitted
phenomena,

Althouzh data $o cupport thisg concluzion are very meager, it does
nzt eppear ‘hat so0ll ¢harges vould heve a major influcace oo the offects
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to be expected from a surface detonated weapon,

12,3 1NFLUZNCE OF METEOROLOGY

The wind proflle up to the haighi of the upper clouvd will affect
the pattorn end extent of areas of slgmificant reaiduel contenminatlon
roaulting frozm surface and underground atomic detonztlons, Althsvgh
the ective particles are initinlly associnted with the firetall and its
eloud oubzrovth, the fallestt procesa bezins at en early time during
the rise and expansion of tha cloud, At all tines thereafter the active
particlos form en extended source contlnuous from the upper cloud to the
ground, The ratse of fall-cut froo the cloud and base surge if produced
and consequently the trajectory of falling particles are mot well
established, However, certain general conclusions with regard to the
{influenco of wind en ths distribution of residual contamination can be

rede, v

12,3.,1 Effect of Wind Velecity on the Distribtution of REesidual
Contamirnation

The virnd will exer$ little influsnce on ths distributicn
and intensity of residusl contenination in the vicinity of ground zero
and immedietely downwvind where the conteminetlon ie prirarily assoclated
vith very larse particles which fall raplily.

The effective wind veolocily influencing the distiribution
of fell-cud ie spproximately the average veloclity of winds from the grownd
to the helght of the uwpper cloud., The time of fall and consequently the
downwind displacement of partlcles in a glven wind increases with
decrezging partlcle size,

The dovnwind lncroment of area of significant enrly cosage
13 roughly proportional to the effective wind velocity, Althovgh the
concentration of residmal contamination at a glven polnt dowvnsind varies
inversoly as the wind veloclty, its time of arrival at that polint alno
varies inversely with wind velocity. Theose effects compensate to give
approxizately the sexme integrated dose,

The pericd of arrival of fallecuit at a givon polnt down=
vind 18 governed by ths wird profile, For winds of constant veloclty at
all levels up %o the uppor clovd, the periocd of arrival 45 egual to the
cloud dlamster divided by the wind velocity. VYhere the wind veloelty
varies with helght, the period of arrivsl increasea with distance, Thins
ineresne in period at any distance is roughly proporticnal to the rangs
of wind veloclitles involved,

Decay conslderations indicate active materiel of carliest
arrival mekes the greater contritation to total dosage, At inlerncdiate
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to long distances downwind thie carlier fall-cut materisl is trat which
spent a proportionally longer period 1m the regiomns of higher vind
velocity, Thus, for wind profiles involving a wide rangse of velocitiss,
the effective wind velocity shifis tovward the higher waluse, particula.rly
at increesing dietances,

The effect of wind veloclty on arezs receiving an integrate
ol garma dose in excess of 400 reentzens and on arezs recelving signifia
cent residusl conteminetion are prescnted in Teble 12,1 for an 83 XT
surfece and a HE=S underground detonstlon, The winds choeen for each
are zerc wind, the JAIGLE effective vindm, and tvice the JANGLE effective
windse,

12,3,2 ZEffect of ¥Wind Shear

A shear in winds a% any level up to the cloud helght affects
the distribution and extent of significant residu=l contamination in 2
corplicated menner, Because the per cont of the total activity which is
laeft in the trail of the cloud within a given fractlon of its helght of
rise 18 not knowvn, the effect of wind shear is not subjest to quantita-
tive gvaluation. However, 1% can be erpected that at all downwind pointa
a wind ghear will smear out the contamination pattern in a crosswind
diroction, This would result in broandening the area of siznificant cone
tanirection a% chort distences dovnwind snd in reducing the dovnwind cx-
tent of contamination of any given intansity level,

12,3,3 Efect of Rein

Rain will bsve an influence on the spread of radloamctive
contamiration from both typea of shots, The rediation doses and contamie
zetion levels nay be greatly increased and the overazll arezs affected
reduced,

Rzin would probebly have an effect on the air blast ex=
pected from elther type dotonation, ZXatimates range from no reduciion
in air blast to 50 per cent reduction in the peask overpressure at a
given dietancs.

Thermal radistion vill be affected by atrospherie olcrity
in the sene ranmer es for en gir berct.

12,3, 4 Effczt of Delivery Tecknlous

The nethod of dclivery ol the‘-:__ /]\—:111 detcrnine iis
veloclty and atiitude on irpmot, These govern the dcpth of pencirction
expected in e given eo0il &3 ehovn ia Figure 2,1, Lesser penciration vill
d&ccreage the size of the crater end other underground cffects end ine
c¢re2se the zir dlasgt cffects,
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TARLE 12,1

. V’
~ E£siinates of effects from theL‘ penetrating weapon and thr
" eapon or the ground eurface, presented in Part I, were made by

0.
HCc-.lil:.g tae effects of the tvo 1.2 KT test explosions with the 214 of

the EZ tests at Nevada, Dugway, Arco and elscvhere, It is stricily trus
that no rodel law can be fulfilled in detall unless the meditwm itgelf is

identical in scale, In particular, if any inhorogeneities such as
stretification, are present different tests even at the seme sli%e can

20t be scaled one to another, The depths of bmiial of most prospective
targes are such that their scaled depths (&/w:/3) are mach smaller whem
considered in connection with nvclear weapons than is the case 1n
connection with EX weapone, These eballow scaled depths are in a rezicm

viere provicus experiencs with HE2 hes shovn a wide spread in valuer from
roxinally identicel explosions, The methods end relationships usel in
scaling the various effects, together with thelr reliadllity, mre dis-

cissed below,

12,%,1 Craters

Crater ecalinz eppears to Do relisble and consistent with
EE results for muclear deotonations at a scaled depth greater then \ o =
0.13, Crater sceling for surface nuclear detonations appears to de

—
12,k SCALING
.f"

similarly relisble vhen proper account is taken of the much poorer cowws
Plirg of energy into the ground which occurs for a muclear detonation,

This difference is developed in the roport of Project 1,9-2, which is
8umnerized in this sectlion,
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Tae vork of C, V. Le.mpsonzj on EE craters has given ag
expirical relationship for the sine of the crater mrodnced by ez urder-
ground cherze cxprossed as

P =1,3 co/12 @1/3

yoere

Orater redina in fest
Dopth factor

Ixplosive factor

Soll constant

Gharge welght in pounds

<phidoH
ununii

The goil constant for the Hevada gite was found to bBe sbout £000 based
on an aversge soil density of 1,6 and &n everage seismic volocity of
3000, The depth factor is a function of the scaled dopth and the
veriation i8 reported in References 3 and 4, The explosive factcr B

iz unity for EE, end less thon unity for nuclear shots in considoratien
of the difforence betveen totel yicld ard mechanieal yield of tlhe
muclesr bond, The crater radlil of the underground HE shote caleuleded
by the atsve relaticnship ere found to be in good sgreement with 4$hose
observed as shown in Tadle 12,2, If the crater rediuvs from the wndcre
ground nuclear detonation is calculated nsing the equivalent mechanical
eacrgy of the weapsn as 0. 7 it is found to be within 7 par ceat of the
observeid talune,

i

DABLE 12,2

Crater Eadii Coleuvletione from Lanpson's Ralifiom:hip

N O N S e A e
FTal i 2560 | 13.68 ~0,15 | 43 1 2,11 6 1
£2-2 | 4000 | 34,2 -0.15 |43 1 2,1 | W 38
I 134 | 0.3 k2 (o‘;j)lf?_ 211 | 139 1%
ER- | 2560 | 13.63 0,15 | 24 1] 2 JSJ 7
(8 |12 | 134 0.03 | .26 [(0.07)Y/3| 2,11 1&3 45

Iy ‘ > ' | ’C
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In the czse of tho surfeco nuclear detonation, the obasrvcd
erater redius 4r about half that calculated fronm the Lazpcon relatior=
ehips for HB: U5 feet versus 86, Olearly, thore is botter ground cou~
7ling Tfor a purfaco detonctced HE chorze thon occurs for a nucle=r wcaron
doterated under similar conditions, The Projcet 1,%=2 roport indicates
that only abouy 2 per ceat of the meckonical emergy will be couplod 4into
the ground for a surface nuclear detonatlon, basod on calenlntions of
teo rate of energy transfer inte the earth and inta the air durinz the
vory €arly phascs prier to breakauzy, Leopsents vork with ER inddeatces
taat 20 Dper_cony of the encrzy vwill be coupled Into the ground for a
surfece HS cherze, This difqunnce can be edsquately reprosented by
using & fizure of (0.1 X 0,7)3/3 for the oxplosive factor, B, in Larmaon's
equation for crator radius fron surface dotonations, ac cozpered to B =
(0.7)4/3 for scaled dopths of detunation Ae §0.13. The transition in
the zone Pelveen has not becn established, )

|

Eatimates for crater radil for the[ '‘pexsiratice
veapon and the | vespon on the ground surface preisnted in Part
I were paleulated—fron “rson's cquation using soil constanis engd depth
factors reportcd in Befercnce 3 argd prescnicd in Tabdle 12,3,

TABLE 12,3

——— e

-—

The crater redius for the 35-foot dcpth in sand D=o3cabsT
sbove ?s hizh since 7):{: eprropriate @ factor will lie sonsvhsroe beiweem
(0.7)1/3 ana (c.07)1/3.

It should be pointed out that an exiecnesive high explosive
Progran wes required by locpuon to develop the expirical relationship,
Tede reletionabip contains & muwber of mucertainties; for exazple, the
accurecy of the sell comstant ¥ is no betisr tkan + 25 per cent, In
addliion, therc ig considerabls scatter in the data obtained fro=
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14cntical shots fired undor the same environmental conditlons,

Crater depths and corsequently the volunes are roro Lp=
doterzinate 4han are orater radii, The erater volumes for the oporatione
pl veapons preacnted in Part I are cstirated on the basis of the folloyw
ing rednced equetion for the voplumo of a cone with a radivs to dcpth
ratie of 2t

V {cabic yards) = 0.02 (R fect)?

12,%,2 Alr Blast Overpressure

Alr pressure raagurencnte for the surfece rmoloer toct vhen
corpared to the surface HEY ghot (ET-4) indicate a difforence in the
&iotance adtcnuation factor. On the other heed, 44 vas fo that the
naslear curve and a woll verifiod srall~charge free-alr curv had cqual
slopes at the 20 poi level (A= 6) and for 7 pai and less (A= 10),

Thig letter esreczent may be a pocsidle basis for scgline {?3 alr prodcurs
fron lorgor charges ¥y use of the convaentional explosion ¥ codel law,

In the ccss of the underground nucleer test, comparleon San
Ta r=ds with the =ir blast froo Shots Efwl ard HE-2, Xzoept for closew
in volues { A = & or lezs, P 2,10 pul) good szreczent 1s roscked end
aceling on the basis of the W+/3 law of the cir blest for lerger charges
at tho Fovada c£ite is probobly Jistéified, Thore is a markad differcace
botwoen tha air blest obicincd for Skot He3 (Projcis 1(9)wl) in Heveda
end Dugwsy high coplocive tests for preournbly fdentical shaic ot a
cealed dcpthAe = 0,5, This diffcrcuce botwecsn teots at different sites
is greotor than that botvecn the Hli=zmuclezr reaults at the sara sits,
This means that the scallng by the ¥1/3 lew of the air blast fraz tndore
ground nuclear barsts for other than the Feveda site is cubject to sone
unecrtalntr,

12,4,3 Ground fcozelerziions

Farth cocelcerations snd ths difficultles of zealing roguire
en investigation of vave forns cnd distance attcnuation factors. In the
ecae of the underground shot the digtencs attenustlion feclor for the firstd
Pesks of exrti=irancritted horizontal scceleration 1s dlctinctly dilffcrent
fron that obdserved om Shots ET-l ppnd El=2. The curve for astenuntlion vith
digtanca of the earthetrencnitted vertieal ecoclcration hes a step vihich
indicstes a cubtsurfece loyer of higher seicric velocity bomenth the
JALGLE cite, The Hiwmmslcur attcrention fretors cppear to be the sene
for the vertical coccleratione, Lud thin cttcoustion cerve step introdnoca
wcerteinty at lorger distoncen,

Y=rinztion of the cceeleronctsr vave formn for the onrthe
tranaciited cffests indleaiss that the dpnptica of the sraothoed first
Falee doeg rot follow tko conveallienn) W E-do) lew, Dovisntiors from
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the ¥H3 1aw are probadly due ‘o inhomogenelties im ths rodiva,

In addition to the earith=irancnitted eccalerailon thare
vas an alr-blast indupced offect, Thias effect can be caleouvlated for tho
highor yiold weapona btut it i3 not consldored of aufficlemt irporiarce
to do 80,

For a roro dotziled discussion of ground escolerationa
refereace is mado to reporis from Project 1.1, 1U(9)a end 2(9)~1,

12,4, % Ground Prossures

Poor correlaiion is found to axist bdotwveon tho fres ground
pressure~redused distance relations obtalned for the nuclear shats and
the hizh explosivo tests and as a result scaling besomes viriually
inposaible, The proviously accepted relationohipa for scaling free
grouad pressures)/ are found to be inapplicable, ?;wi.ous worlz wan
based on gages Puried at dopths of approximately 3 2 ¥l The phonone=s
neasured at JAXGLE wore rslatively ne?r the surface of the ground with
gaies pricarily in the rcglon 1/10 W1/3 with a fov gogos =3 doap ea 1f2

1/3, and Leapson hos prsviou.sly reported that this is an indoterninatoe
rezlon 23 far as trues ground propegation is concerncd,

An pttcopt is being mede to corrolate earth prossures ap=
plicd to the tcat structures in erdor to deternine some logical pattorn
for tho earth pressure phcnoncya, Thia sludy has not progressed far
aough to allow socacnt at this tine,

12,4,5 Thormel Endiation

On the basgie of prcvious alyr burat expericnce 1% is dmowm
tkat tho %hor—al energy emitted by an atomic bonb which reachcs a
specifio dlotance is approximately proportlonsl to the ylold of the bomb,.
Yherefore, it is masumed that the thormal effect at a given distance
from surfeco dotonated weapons cz2n be scaled in ths segne reanoer fren the
resnlts of the surface shot, The Becaling rolationshkip, ircluding thoe
corrgotion for atmosr-eric atteanvation, is thuss

= ¥2 o (x, = Xy)d
% Qlwl" 1- k2

whero Q 4s the therral casrgy in cal/c:z received a% any glven distance
4 in feat, ¥ is the enorgy rolczso of tho weapon end k £s tho eppropriate
atmsphorie sitcauation cocfficicat expruvssed i1a resiprocal feat, The
atmoaphacris ajttcanation coofficlient, k, iz about 3.92 divided by the
vicibility in foet, XYor the conditions of the JANGLE surfoce deionztion
X=9,72 21070 £4,~1, The thercal energy es a function of disicnce for
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the JANGLE surface detonatlion is presented in Figure 7,l.

12,4,6 BEedlological Effects

The methods and assumptions involved in scaling the radis.
logical effects observed for the JANGLE detonations to estimates for
wcapons of larger yleld are presented in the report of Project 2,0, The
predictions based on thle sealing are very sensitive to variations from
the JANGLE condltions, The scaling of the JANGLE results invelved %thn
esggaption of the absanne of directional wind shear and of the same
particle size dlgtribution, ZFor the smaller particle size distridbutiion
vhich ray e expscted with c¢lay solle a larger fraction of the active
dchris will rexain sirborne for a longer period of time., A shear in winmd
direction wvill emear out the pattern of contamination crosswind at all
digtances, Both effects increase the arsa over which the contamination
is deposited end will reeult in much sraller high dose rgjeiareas. High
winds will bave similar effect. The predictions for the ET surface
dotonation with an estimated cloud height of abouk 20,000 ‘fdet will be
much rare sensitive to thess effects than the with an estimated
cloud height of 10,000 feet for a HO=-Leot depth o st, Thun, the
resultent areas of significant residual contamination may be consideradly
szaller than those estimated for many operational situations, particularly
in the cezse 0f a large surface dburst,

Lack of information on the initlial vertical distribution
of radiosctive debris, =nd oan the influcnce of =s0il type on the particle
slze Aistrivution, limita the extrapolation of radiological effects to
highly idezlized conditions, A discussion of the methodas of the scaling
rrogesa followat

12,4,6,1 Dose-rate Secaling

The JANGLE residual contamination one Iour dose=
rate contours were extrapolated ompirically to glve the new one bour
contours for operational wezpons as follows! Firet a family of ellipses
waeg fitted to the JANGLE contours with ground zerd as a common focus and
a major axis directed downwind. A new family of ellipses was cCrawn ﬁor
sach oparational wesponrn by scallng up 7&0 croaswind dimeneion Yy Wl/
(cinee the cloud dlamster sceles as ¥W1/4) and taking an interfocal
d1gtance directly proportional to the average wind apeed, A new dose-
rate value i then scsigned to eath ellipse such that the area doso=
rate productas intczrats to give the same fractions of the total activity
28 that for the correspsnding JALNGLE contour. The dotells of the method
ere preaeated in the report of Project 2.0.

12.4,6,2 Total Dose Sceling

The {o%2l gamma radiation dose recelved in periods
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ap to 10 secondn at% a glven radial dlatance from ground zero is scaled
directly with yield from the integrated dose rate worsus distance deia
of Project 2,12 for both JANGLE detornations, The principal sourcs of
thig initial gemma dose is tho fission product radiafion frem the fire-
tall and cloud, The effect of wind and the contiribution of faill=szt
can be nezlectcd for periods up to 10 seconds, The more rapid deernass
of iniltial dose with ranzse from the polnt of dotonation for those bursts
ag corpared with sir burste is eccountcd for by the loss of a larzs
fraction of the ascatiercd radiatioa duo Yo the proximity of the earth,

The total gamma radiation dose received in poricds

longer than 10 seconds requiroa the intesration of the dose rate from

tine of arrival of fall-ouil to the end of the period considered and ad-
P ditiorn of this to the lC-sccond dose, The time of arrival was tokeun from

the Project 2,1a gamnas dose=rate records which indicate an effective
vind of 5 miles per hour for the JANGLE wndorground burst and 15 miles
per hour for the surface durst, The time of arrival zoes approxirately
inversely as the effectlive wind velocity, Ths normal $=1e2 decoy law
vas used for the dose=-vate Intcgration,

L 12,%,7 Reliability of Scaling Radiological Effects

The predicted areas of slgnificant radiologlical effect for
surface and underground detonatlons, scaled by the methods descridzd in
Project 2,0 report and summrized ahbove, have greatest reliadility for
wind conditlons approximating those of the JANGLE test. The reliability
veries with the time period or area considered as follovws:

Predicted total dose walues should be ¢orrect well within
a factor of two in areas whore most of the curmlative gamms ralietion
dose come from initizl or cloud radiation,

The 1l0-gecond total dose areas should be correct to with-
in 20 per cent beccuae of the fairly good precision with which the
initlal radiation can be calculaied,

The eceurscy of the 1l0-uinute dese curves 1s in doubd by
a3 zuch 28 5C per cent in areas “ecauwse ipsvfficlent data on early fall-
out behavior are availeble as a desis for scaling,

Prodiction of fall-cut 1s less reliable since in general
one wlll find hot spots in relatively cool areas and cool gpote in arcas
of high activity levela, Thus, although the expected variatice of the
average intensity along a predicted dose-rate contour dees not{ sxceed
® factor of 3, the dose rate at specific polnts along such contours may
vall be one hundred-20ld highor or lower than the aversge value,
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The dose~rate scaling method used appears to be & resson-
able ons buil some assuzpiions rade in {ts application are opem to unsty
In the process of fitting ellipses to the JANGLRE gurface shot data the e
contours were gonmsvhat brosdened, In the normalization process the frace
tlon of total aciivity felling ont in one hyur for operational wespans
vas teken as cqual to thot for the JANGLE detonations. For greater cloung
heights the one hour fall-out should involve a emaller fraction. In
eddition 1% was ecsumed that esscntially all the zctiviiy cawe down in
one hour for both JANCLE delonations, I4 appears from the surface shot
data that a considercblo froction did not fall out in the firet hour,

Corplste evaluation of the dosecerate acaling probdlexa haa
not been carried out, Sono revicion in shape and reduation in creas
contaninated to a given dose-rate level 1s indicated, particularly for
catinates for surface atomic dstonations. EHowever, it is considaersd
that puch modifications 1vill fall within the 1limite of statcd relisw

Yility for conditlons of dstonation approximating those of the JAEGLE
tﬂgto

Lrcos within ¢ontours, vhether for dose rate or total dose,
are ruch less scncitive to irrezularities in the exvlosivo and disiri=
bvaution process then thoe dose rates at e point, partly dbeczuse of the
st6cp gredient of tho contours ond partly beczuse the concept of an erea
vithin a cantour involves en averaging pracesg. Prelicted values for
areas reaulting froom debozotions cerried out vndor conditions not $oo
far different than st JANGLE chould de correct well within a factor of
2.

It st be exphosiszed that the relicbllity of scaled
cztinates ia reducoed as the conditions of dotonatlon beoome appresisdly
diffcrent than those for the JANGLE test, DIecause the initial verileal
distridution of radicactive debris is not known, no reliable estirates
can be made for irrezulsr vwind prefiles involving bhigh wind velocitlea
or involving a shezr ln wind direction belov cloud heizht. Frriherzore,
the influence of soll type on rediczciive particle size digtribution exnd
conscyuently oa the fall=cul pattern haa rot been covelusicd,




CEAPTER 13

COLCLUSIOIS AND R¥COMUFIDATIONS

13,1 COSCLUSIOZS

It wvas dcwnstrated that song of the ecaling relationships dovelopcX
fron studles of convontloral high explosive dotonations are applicalls ¢o .
nuclear detonations, In general, correlation has not boen estzablished
for phenomera which involve cnergy trensmission through the soil, An
important limitatlon to scalling froa gravions‘ﬂz resultas is that the
scaled dopikha for measurcments ( /wl/ } which are of interest in the
study of nuclear weapons are much less than those involved in the ER
tusts on vhich are based the empirical formulas for predictirg explosive
effocts a3 functions of diastance, ’

. Craters resulting from underground snd esurface mmclear dstonations
can be calculated from the expirical relationships developod for craters
from HE dstonations wvhen rations) correctlions are mads for the spaller
fractions of total energy which ere coupled into the ground in the case
of the nuclear detorations,

Alr blast overpressures alorg the ground Irom mmeclear oxplesions
of a given ylold are ezsentially the same over the e of gealed
heighia of {trat ?ﬁlwf?3) fron zoro to 0,25 ft/lbalygfg Tor surface
dotonations, there is a significant difference in eir blest overpressures
alongz the ground from nuclear explosions as conmpared %o those from
equivalent E8 explosions, JFor underground detonations, alr blasé ovor-
prcasures aloerg the ground from nuclear and equivalent EZ oxploslions
wvere found fto be in reasonably good egreement,.

Ground 4ransnit$ted phenormena of the ruclear detonatlons - carth
accolerations, earth prcasure’ end displaccaeonts = ¢4d not egrcs with
Bcalecd re3ultn of EE detarations. The dezroe to vhich these (llacrepancles
nay bo attrituted %o s0ll effccts or the degres to which they oy Te et
tributcd to surface phongnera heve not been resolved at this *ime, It
has bean noted that the coll proporties do not scale and that the rono
of intorest for the nuclear dotonctions (shallow scaled deptha) is ome
where HR expsriments indicated a wide spread in resulis,

Surface end undcerzround nnclear detonations produce extensive arcas
of high radleactive contexination, JFlsslonadle materlel econony consider—
ation indicates the surface nuclcar detonation to be potentielly the more
inportant radiological weapon, Unfortunately, reliable prcdiction of
areap of residual contanlnation and corsequently aress of lothal dosege
can be cades only for highly idealiszed conditlons,
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The capabilities and limiteatlions were estgblished for ecome of the
technicuea and equipment develeped for mllitary operations in which atonyq
weapone are used, Consideratlion of the JANGLE test results and of ‘he
probleca Ipharent 1a milliitexry operatlons indicetes that e numbor of thesny
tecmiques and cquipnont ere rot in fact required.

13,2 ERECOMMEIDATIQKS

Inowledge in the fleld of military sffects of surface and undarw
ground atomlec explosions szhould be extended in the areas listed below,
A large part of the effort can be sccomplished by furthor evalteiion of
publiched test dmta and by “he continmuvaticon and extcacicn of existing
H% test programns,

le Identification and evaluaztlon of the perameters which have
lgnificant effect on the developmant end atternuatlon of ground shock angd
alr blast from svrface ocnd uvndsrground atomie erplocions,

2, Correlation of ground shock, cratering, and eir dlast phenomean
botwecn HEN and muclear exploslons on the surface and nmndergrourd.

3, Predictions of locding of buried structures on the basis of
free meddun phcnonens,

4, Tho intcrsction beivesn buried siructures and irmediately
adjecent carth leyers under conditions vhere large structural deflecilons
occur,

H5¢ Cratering offectas from anclear dotonations &t small scaled
distarces from the ground surfece, elither underground or in the air,

6, Determins=tion of the initial vertical distribution of redio=
active Bonb dabris,

7« ZIDoternination of the mechkanisms invelved in the indtial
distrihution and cudbscyucnt fell-cut of radicactive bomb debrie,

3¢ Dcternination of the influence of soill {ype and decpth of burial
oR the particle size disiribtuilion of radiozctive bomb debris,

In the event that cdditiovnel puclear tests are reguired for these
ttuddica, parilicuiar cere should ba taken to ensure that gufficlent tine
for nezessary prepcratory vork ie provided te give reasonable sssurance
of a cuecessful test.

In additlon, a criticel review should te epade of the technigues
end equipment developed for redlological defense in fhe light of need
e8 woll as performance, Tale review ghould stress tolerance levelas con=-
sidered significent for militecy operaiions,
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APFPINDIX A

JANGLE HEPCRET VOLUMES

A, 1 GENERAL

The titles of the reports for Operation JAEGLY are listed helow,
Beports of rolated projects are btound ae volumeg, IF=ch volume ind ezch
project rcport bears a ¥I nunber for reforence purposcs.

BLAST AND SHOCK MEASURWENTS 1

¥I-366

Project
Project Title Agency Officer
1.1 Ground Acceleration Heagure= Xavel Ordnapnce ¥, ¥, Horris
{VT-328) ment B Lavoratory
1,28=1 Peak Alr EBlast Pressures Ballistic Re- E, ¥, iinor
(¥P=322) Along the Ground from Shock eearch Laboratoery

Velecity Heasurenentis
1,222 Tronsiont Ground Meshsenieal EBaliistic Ree R. F, Flaor
(vP-385) Effects from EE and Fuclear @sarch laboratory
FPxploslons
BLAST AXD SFOCK MEASUREMINTS II
¥T=387
1,2b Close=in Ground Measurezments Armed Forces ¥a T Gamon
(¥D=764) Special CEXfL.E, JSY
¥eapons Project

1, Free Alr Shock Arrival Brocgxhaven J.B.E, Kupor
(¥T=324) Pines Eat!l Laboralory
1,3b Froe A3r Peak Preasure Faval Ordnence JeFs lzulion,
(vI=239)  Hcasuremcnts Isboratory Jr.
1.3¢ Tne Hcacurencat of Free A{r  Canbridge Rc- Jo 9, Yenn
(\:*rsaa) Atondic Blast Pressures gcazch Ceater ¥aj, USAY
1.4 Alr Pressure vs Time Sandia Corp. ¥, J, Dovard

(WI~306)
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158
(Vi-182)

1.5b
(¥2-326)

1.6
(W1=353)

1.7
(¥2-357)

1{9)a
(¥2-320)

1(9)d
(¥r-350)

1.9
(VD-358)

1.9-1
(WI=323)

1,02
(¥2-378)

1,9-3
(¥1-250)

BLAST AND SEOCX MPASUREMEXTS III

WI-3E3
Title Azoney

Trangsient Ground Displacement Naval Ordnznca
Measureaont Laborontory
Dotection of Time of Arrival Iuvid Toylor
of Mret Earih }otlon Modol Basin
Earth Displaccwents (Shear  0ffico of the
Shafts) Chief of

Pagincors
Ground Acceleratlon {Srkack Uffioce of the
Pins) ‘ Chief of

Ingineers

Ground Accelcration, Ground Stonford Ro-
and Alr Proasures for Undor= search Instituieo
ground Test

Bago Surge A~alysls for Enval Ordonnree
Heslear Tests Istoratory

URDSROROUND FXPIOSION TEFORY
¥T-369

Thesresical Studics of tho 0ffice of
Shock ¥eve Kaval Resecarch

Application of the Kirmupod=- RAND Corp
Brinkley Method te the Thoory
of Updorground Explosions

Fotes on Surfecso pnd Under=  Arned Forces
grornd Exploslons Speclel
Weapons Project

Predictions for the Undopw Stanford Eu=
ground Shot search Instisnto

185

Projeet
Coficor

W, F, ¥orris

G, ¥W. CcoX

H,J, Sundantren

B,J, Sundstrom

W,

7

B,

Dol

¥orris

D1l



T

HIGH EXPLOSIVE TESTS

W35

Project Title Asency
19)-1 Scaled EE Tes*s Stanford
(WE=-377) Research

Institute
1(g)~2 Conposition of Clocude Tormed Stanford Ree
(v1-2k9) oy THT scarch Institute
1(9)=3 Tcstas and Obeorvations on Arned Forces
(¢vr-l10) Craters and Ezse Surges Special

Yeapons Project

1(9)=-k Base Surge Analysis for HE Haval Ordoance

(¥2=361) pation in Operation JLNGLE Service

SCALING OF FADIOLOGICAL EFFECTS
¥I=-391

2.0 Scaling of Badiologicsal Technical
(¥I-391) Iffests Oporations,
Ine,

106

Project
(Zficer

EJ B - D('ll

E. B. Doli

D.,C, Cempbell
¢IR, UsY

¥, I, Yorris

A, M, Piper

B. 2, Peridins

(¥T~239; Testa Laboratory
GENIO0GIC, HYLROLOGIC AND THRRMAL FERASTRES QF THE SITES
WT=343
1(8)a Geolosgie, Hydrolegic and Ther=mal U, S, Ges
(wr-343) Features of the 3ites logical Survey
STISMIC EZZ2ACTICE SURVEY
¥T=327
1(8)a~1 Seignic Refreciion Survey United Geophys=—
(WvI=327) ical Company
AIR WZIATARR SESVICE PARTICIPATION IXN QFERATION JARCLE
¥Tw361
1(8)n Alr Weather Ssrvice Partici- AAlr Weather

M., 3, Schorr
end B, 8,
d1if4llan




GAMMA BADIATIOR MEASUREMENTS
WI-370
Projecst
Projecs Title Agency Cfficer
2,18 Gemra Padlation as & Function Fational Bue Ly Coetrell
(wI=329) of Time and Distance rean of Standsrds
2.1t Qamrs Badiation es a Function Burean of J. E, Terry
(¥1=392) of Tire with Drompable Tele= Aeronautlics CIR, USH
meters
2,1c=1 Aorial Survey of HMetant AFQOAT=] Yo Do Urry
(¥™=320) Conteninated Terrain -
241e=2 Aerial Survey of lucsl Cone  Burean of Jo H, Terry
- (Wh=351) taminated Terrain Aeronautics CIR, USK
2,14 Monltor Survey of Ground Arned Forces
(¥T=320) Contamination Special J. Johncon
Wearons Project CIR, USH
I 2431 Potal Carma RBedistion Dosegze Evans Slgnal M, B, Forbcs
(wI-331) Ledoratory LtCo1, USA
2,32 Forhole Shielding of CGamma Engineer Re= Te Jo ¥Walch
(¥I=353) Rediation gearch and
Devolopment
Laboratory
BIOLOGICAL HAZARDS3
YT-372
2,4a TJotzmiey and Gomma~Pay Energy Haval Re- 3, Tochildn
(¥Tw345)  of Besidu=l Contanination gscarch and
Davolopment
Ladoratory
2,k Garra Dopth Toso Measure HEational ¥, ¥, Chombers
(¥1=332) xment in Unit Density Mnterial Medicel Re~ CDR., USH
scarch Ianstitute
2,k \ Cexma Bay Spectrun of Brookhaven J.B.E, Euper
(¥2=3ig) Residual Contanination Hational
Labvoratory
2,7 Biological Injury from Natliongl ¥, Smith
(WI-396) Particle Inhalatlon Institutes

of Health




/  PARTICLE STUDIES

WI-371
FooJect
Project Title enc C:ificer
2.,5em1 Alrborne Particla Studies Army Chenical C, Fobhins
( WT=~354) Center LtCol, UsA
2,be=2 Fall=out Particle Svundles Raval Research I. J. Foppoft
(WI-395) and Develorment
Leboratory
2,5c=3 Podiechenical Studies of Army Medical R, Mexwell
(¥I=-333) large Particles Center Col, USA
2,8 Analysis of Test Site and U. 5, Dept, L, Te Alexenday
(¥I=335) Fall-cut Materiel of Agriculture
RADIOCEEMICAL MUASURXMENTS AND SAMPLIRG TECHNIQUES
WI=373
2,6a Renotely Cantrelled Sempling Evans Sigmal M, 3, Forbes
(¥T=334) Teckniques Latoratory LtCol, USA
2.6c=1 Fabure end Distrivution of Fational C, ¥arwell
(¥T~386) Residual Corntemination I Instituten
of Health
2,602 Fatvre and Distritution of Favel Resecarch N, 2, BEallou
(¥T-397) Residual Contanination II and Develorment
Istroratory
2,60=3 Retrisvedble Missiles for National C, Mazwzll
(¥I=353) Recote Ground Sampling Inntitntes
of Health
HAYY STRUCTURES TEST
WT-LOo4
2.1 Yovy Structures Tes% Barean of G. B, Hazzard
(v2=lok) Yards and LCIR, UsSH
Docks
ARMY STRUCTURES TEST
¥T-387
Je2 trny Structures Test 0ffice of Chief T, Q. Stark
(¥2=327) of Pazinecrs and

¥Hass, Inatituie of Technology
108



AIR FORCE STRUCTURZIS TIST
1T=k05
Froject
Project m™tle Azency gﬂ:ﬁ
3.3 A%r Fyrce Strucitares Tasd Air Materiel B,R. Labourvesn
(wvD-405) Command and CAPT, USAY
fToour Besearch
Instituts
BGINT=ZR SCIL MECEANICS TRSTS
WI-338
1,29 Engineer Soil Mechanics Tests Naval Civil ¥, Z, ILovance
(wI=338) Inginesr Rescarch
and Evaluation
Lahoratory
STRUCTURE INSTRUMSNTATION
WI-H06
3,28 tructure Instru=mentation Sandia Corp 3,8, Lenander
( WT~2006)
TECHNICAL PEQOTQGRAPHY
WT-37h%
4,1 Aerial Technical Proiography Alr Research ¥, 4, Crawford
(WT-754)  Operations ~ and Development 1, USAY
Command
4,1a-2 3round Technical Photography Sandie Corp H, 3. Jarr
(¥E-398) Ma%erial Operations
4,1e-2 Fhotogrephice Analyils Sandia Corp E., ., 3ars
(#D=245;
ZEATERING AXD MISSILE PEENQMERA
WI=375
4,2 Cratering Effacts of Under- Naval Civil P, Z, lowanco
(#¥2-339)  zround-Surface Detonated Enginesr Ro-
Atomic Bombs and Ianfluvence of search and
501l Charactierictics on Hvaluation
Crater Laboratory
1*.5 Characteristics of Misalles Stanford Ro= E. B, Vaile
(¥I-338)  from Underground Fuclear search Institute

Explosions
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EVALJATION -OF MILITARY RADIAC DJUIPMENT

VI-337
Projoct
Project Title Agency Qfficer
6.1 BEvaluation of Mililtary Badiac Evans Signal M, B, ¥orbes
(WI-337) Tquipmeni Laboratory LtCol, UsA
PROTECTION AND DECONTAMINATION OF LAWD TARGETS AXD VFHICLES
VI-400
6ol Protection and Dezontami- Eave) Research W, Z, Strope
(¥T=-400) =zation of Land Target: end and Development and S, 3,
Vchicles Labvoratory Sinnreich
and Arzy Chermical
Center

TESTS OF SERVICE EQUIFMENT AXD OFERATION
Wi-376

6. 3= Evelvation of Military Indi~ Arzmy Chemical J.B Rendrickson
(¥7-4Ql) vidual and Collecilve Pro- Center
teatlion Dovices and Clothing

6. 3=2 Zvaluation of Potential Army Chemical 2, E, Bauguist
{¥A202) Rospiratory Ezcards Centsr
associated with Vehlcnlar
Operations in a Ecdioactively
Csnterminated Area
6.7 Clothing Decontemimtion and Office of the A, H, Parthum
(¥2=347) Fveluation of Laundry Methods Quartermaster Maj, TUSA
General
6.8 Tvaluation of U, S. Army Mzinecr Ree 0.0, Liadaten
(¥T=340) Field ¥Water Supply Zquipment aearch and
aad Operations Developmant
Iaboratory

COESIIIRATION OF BADIOACTIVE CONTAMINATION IN THE MAJOR OVEREAUL OF A1Be
CRAFT TURED~JET FNGINELS

WE=i03
6.6 Corsideration of Ecdioesctive Eeoval Rew H, A, Yyors
(¥2-403) Contamination in the Major  scarch and Ka3, USAP
Overhsul of Adireraft Turbo-  Divelopment
Jet Bogines Laboratory




ACCOMPLISHING OPERATIONAL TFSTS OF TECENIQUES IUB. INDIRECT ECMB
DAMAGE ASSISSMENT

WDkl
Pro joct
Project Title Azency Dfficor
folt JANGLE Accomplishing Qperatisnal Wright Alr ¥, E, Jenes

(6,5BUSTER) Tests of Techaiques for In- Dovelopment
(WT=344)  direct Bomb Dnmage Assessment Ccater

BADIQCHRMICAL, CHFMICAL AND PHYSICAL AHALYSIS OF BUSTIR AND JANGLE

BOM3 IEERIS

?ﬂ_}ao
7.3 JANGLE RBadiochexzical, Chemicel and  AFOAT-1 P, ¥gnall
(7.13USTER) Prysical Analysis of BUSTER LtOol, USAF

and JANGLE Bomb Debris

SEISMIC WAVES FROM A~3OMBS DETONATED OVER A LAND MASS

YI=-321
Te3 JANGLE Seismic Waves from A~Eomds AFQAT-] P, ¥Wignall
(7.550STER) Detonated over a Leni Mass LtCol, TSAP

(WI-321)

AIRBORNE IOW-FEEQUENCY SOUND FROM ATOMIC EXPLOSIOLS DURIEG
OPERATION BUSTER/JANGLE
WE-322

Te3 JANGLE Airbornme Low=Frequensy Sound AFOAT-1 ’ P, fiznsll
{7.6 BUSTER)from Atomic Explosions Daring
(¥1-322)  Operation BUSTER/JANGLE




APPENDIX B

CONDITIONS FOR NUCLEAR TRSTS

B.1 GENTZAL

The times, weapon descripiion, meteorological data and other infore
zation on teat conditions are given in Tadles B,l and 3,2,

Tucea Flat, the aite of the detonationa, 4a an alluyial €111 in e
Pagin-ranzes valloy, There is no epparent stratification but rather the
pags is heterageneoua contalning pockets or lenses of caliche, coarse
grained, and axiremely fine sand. The particles are vary angular thus
- intaerlocking to a high dcgree. This condition avgmented by cementation
produces a coherent maus, The area ia exiremely dry snd the soll very
porous, No water $able hag been found in the flat, although one hole
drilled to & depth of aver 1500 feet showed a slight trace of water at
the bottom, This type of soll is charactariged by a high aitenuatlon te
the transmission of ground phenomcna, Tables B,3 and B Y give & conaclie
dation of the varicus goil characterletics, -

TARLE B,1
Huclear Dotonations

Surface Shot Uaderground Shot
Date 19 Nov 1951 29 Fov 1951 '
Time (PST) 0300 1200
Tiel4 | 1.2%0,1 52 Letoax |
Ycopon ‘ " T } i
Fiscionable Material !
Poaltion of Center of ‘ 17! underground
Gravity ; Jp in shaft wvith 12}

sar_thl\covor

Dlovation of Ground 4213,0 feot 4295,0 feet
Lﬁj:‘b (atove MSL)




TABLD B,2
Metcorological Conditlons
Surface Shot Underground Shkot
Atzoapheric Pressure 871.5 =md 872,00 md»
Teaperature 1,0°0/33.8%» 14.5%¢/58.0°2
RBelative HDunidity 47 por cent 35 par cent
Vinds
Serfase 120° - 2 knots 180° = 2 krots
6000 feet MSL 170 - 13 150 =5
8000 150 - 26 T 210 - 15
10,000 200 - 32 232 -21
12,000 200 - rg 20 - 24
Oloud Gover
10,000 feot MSL 1/8 altocuzulua ——-—-
16,000 /8 altoewrmles | =~ ===
1 29,000 -——- 1/8 eirrus
31,000 7/8 eirro=-stratus -———-
j' @round Temperature
! 3 foot dopth 13,1°¢/55.7°7 10,7%c/51,2°F
5 15,3%c/61,2°2 14,490 /58,008
3 10 17.9°0/64,2°% 17.4°¢/63,1°%
' B 20 16,3°0/61,5°¢ 16,1°¢/61,0°%
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TAELE B,3

Subesoll Charactseristics at Zero Folnts

Surface Zero (Dspth in fee$) Underground Zaro {Depth in fe;E
Send end gravel, lightly 0-215 Sand ané gravel 0-~76
cenented
Gravel, cemented 76128
Byulderd, linestone 275-278
| Boulders 128-130
Gravel, lightly 278=300
ocaented Sand end gravel 130-135
Send and gravel, 300=340 | Gravel, cemented 135-160
lightly cemented
Sand and grevel ‘ 160=175
Sand, nob ceacnted 340-365
Sand and grarvel, cemented 175-210
Bouldors 365~369
Send and gravel 210=240
Send 369~370
Gravel, cemented 240415
Gravel, semcnted, 370-405
pedium hard Send and gravel, 415465
ceaented
Gravel, cezented LoR-liig
Send, ccaented LEr500
Send, cemonted Lyo..502
TABLE B, 4
Density and Seismic Velocitles at Zero Polinis
Fleld Density of Valley Fill (Including retzined roisture)
Surfeocs Zero Underground Zoro
Banze in Dspth Range in Density | RBenge in Dopth | Range of Density
| (feot) (faat)
0.5 = 16,0 Maximmg 1,81 0,5 = 15,8 Merirmzn 1,76
Minimom 1,37 Miprizom 1.30
Aversge 1,59 Average 1.59
.

Caliche laysrs may have a density as high as 2,05
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TABLE B.% (Conttd)

Seiscic Velocity as a Funciion of Dopth

Apporent Jelenic Veloclty at the
Surfece as a Function of Disiance

Dopth {fael) | Velocity {(feet/sec) Distance (feot) | Apparert Velocity
(f2ot/sce)
0 2620 0 - £00 3400
100 3070
200 3450 €00 = &0 3900
300 3690
500 100 800 - 1600 3500
600 4300

—— e S —




APPERDIX ©
BASIC FHYSICAL }EASURRMENTS

¢, 1 (IMI3AL
A suzzary of the tasic physical ncaguremcnts 4eken st Operation
JAEGLE 48 given in Teble C,l. A detailed 1lioting of theose messurementsa
is given in Table C,2,.
TAELE C.1l

Sumcsry of Bzsic Physlcal Measurexents

—

Ileasuremcnt Surface EFunlear Shot | Urnderground HFuesloer Shot
Rango(ft.) | Bearing Ranga(f%,) Beaxring
Ground. accalcration by | 275 - 3000 | sS20% 200 ~ 3000 S20°%
korizontzl, transverse 262 - 1080 R70%%
end verilenl acceler=
cnoters
@round eceelcration by |562,5-1875 820°% 562,5=1875 520°W
shock pin stotions | 625 = 1250 H700W 625 = 1250 510°¥
625 = 1250 S70°% 625 = 1250 S7°B
Eydrostatlc earth 275 - 3000 $20°W 200 - 3000 $29°Y
pressure 21T - 3080 E70°W
Firat earth motion — —— 5 - 542 s20°v
arrival time
Shear chaft statlons | 250 = 1000 | S20°¢ 250 = 1000 $20°%
312,5-750 H70% 312,5-750 K70°W
312,5=750 s70°3 312,5-75¢ 855°8
Trensient &icplece — — 275 - 1890 sS&®w
nent fidvclal r:xriers
Bcek air prescurs 09 - 2700 520°¥ 300 - 1500 seny
(vclocity metlhad)
Air blest as & function|500 = 4200 | 520°W 500 = 3100 S200W
of time 3100 EK15°8 314 - 3050 700
‘ 3100 R 1250 g%y
3100 r45°s 1250 L20°%8
B 3100 V20°R 1250 ¥33%
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TABLE C,2

TANIR €2 TAKLE 2.2 (Cant’a)
Ausla Fiyyical Nsesnrements Sonlmd Radinl Kewanyruqat » Dypih - -
= |Radiua, M\ Distance, M, 0.‘". i ey
Saaled ~ Badte) Essaprenami Gugw Depth Gage Irpe
Lading, Dlstanae, Ty, I, .18 s | A4 10 *
) 12) o ) tn | Iw i . 5 i
k.3 [1%3 [ AN ] 5 nn
Tadargromad Buolear Shaty :.?‘ 5): 3 1.166¢ v
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faxiy 5.2 (Cant'd)

AR ¢, 2 (taat'd)
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(1)

The scaled radiuvs, 7\1, is dofined as
R - g_/y:l/}

wvhore R is the radial distencs in feet fron ground sore and ¥ is
squivalent energy inm pounds of THE, W for JALGLE puolcar skots as
Yeon arbitrarily tcken as 1,0 XT of THT (2 X 10° pounds).

(2) BRadinl distencs of mensurcmcuts from grouad sere in feok,

(3) Syotols msed idcatify tho type rsasurcaent a3 follows?

-l RO A M o

peak alr pressure [velocity nethsd)

alr blest as & functicon of tine
tronslent dlsplacczeat fidunial rparkers
harizental rediel accelorometars
hydrostatic earth pressure

first earth motion arrival time

shear shafi statlons
shnekx pin stations

{ransverse pceoleronoters

voriical socelerozeters
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Eotes to Table C,2 (Conttd)

An spostropke (') afier the letter synbol indicates a "back-up* gage,
Yunbers after the letter syrbdols Q eand S indicate the following:

1 station oz south line {320°W)

2 station 21 weat line (E70°W)

E station oz east lire (570°E)
station on southczgt line (S55°H)

(%) Dcpth of gaze in fest, Thiase colum catries marked with an
asterisk {*) indicate height above ground curface in feot,

{5) Synbols nacd iz this enlurm decignate the type of zsges as
follova:

A Schacvrits cocoloronetors
RS speaisl ¥lest switeh (BEL)
B8 spezlel blest cwitoh (3C)
IRA Ergincer Hesearch Associates cccolerometers, A park (+)
after the sy=bol indicztes locatlon in the structures ares,
GE Gencral IMesiric vocvum swvitch types FA15 and FAG
If 4ntcrforomcter (pclf recording buck gago)
X hydrostatic prezsure gege 4n ol) filled ncoprene dez,
i FB  Bexdlix precsure goge type T TR0
; P§ pcndulum selcmic switah (DRMB)
* YA  VWiancko aoccelceroxotors
WP  Wiancke pressure goges
¥4 vwooden black and vhite targets for trensient dicplesenent
photographky.
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APPEEDIX D

RADIQACTIVITY AND BICQMEDICAL HEASURFMENTS INSTREDII TTASION

D,1 GINIIAL

The principal itcms of teatl ipsirunentation for Progranm 2 projccts
and staticn locatiors or arcas of operation aro outlined in the follov-

ing paragraphs,
D.,2 PARAJECT 2.1a

Seintillation counters, with 4 pl doctectors mounted 23 inchos ~bove
ground, were exployed for mszasvrement of garcva radiation intennlty as a
function of $imeo and distanco, A pattern of 27 stations for tha surface
shot and 29 stations for the underground shot, Figures D=1 and D=2, was
used, Close in stations, marked Double Stations, had a second detector
which popped up into position after pagasaze of blast wave,

D.3 FROJECT 2,1b

Five droppadle gamma radistlion telemetering units, .LH/USQ—)., vera
pleced on ground mounte on a NE radial line for each shot, at distazces
1000, 1250, 1500, 2000, and 3000 fest from sero, Recolvers, AY/ARR-23,
on a F2V aircraft and at ground station monitorcd from O to + 15 minmuntca,
Subsequent test alr drops of AUfUSQ-l units in both cratera wers mado,

D.4 PROJECT 2,lc-l

Three (-7 type aircraft wers directed over a pre-sot grid pattern
at avorage altitudo of 600 feet soveral hours after dotonation, Sein=
tillation gcora detectors and atmespheric—conductivity cguipucents ‘rere
axployed to assess ihe pattern end relative intcnslty of ground con%ani-
pation,

D,5 FROJECT 2,lc-2

A P2V alreraf$ equivpod with lonization chambder detectors AU /ATR-H
and a B=-17 equipped wlth phosphar-photornltiplier doteciors 4type F-l
wore cxployed to evaluate these equipnents for rapid aerinl aurvoy of
ground gawmma rediation field intensitica,

0.6 FROJECT 2,14

AN/PIR~T1B survey inmirumenta, calidrated with gemza rays from an
squilidrium radium source, were used for gamca radiation field intconity
measurezents, Data incindes gensral area survey after each shot and
Port test survey of crater and lip intensities,
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D,7 TJROJECT 2.3l

Total gemma radistion dosege measurements were made using a number
of photographic films of graduated sensivivity placed in Natioral Burean
of Steadards typs film badge holdors. Film dosimeters were exposel 3,5
fcet above ground at all Program 2 project stations and in foxholes,
tenks, end zome struciures,

D,8 DROJICT 2,3-2

Standard two=-nan forholes insirumented with gamma £ilm dosimetears
vers corngtructad at 500-fooy intervals on & HB radial line from 2000 to
5000 feet for both nhots, In addition one ran foxrholes and G-inch
diemataer soill pipes similarly instrumented were located at 3000 and
U000 feet distznce on the cems radial 1lins, Al) openings werae 48 inches
in depth with f£ilm dosimeters placed at zero, 16 inches, 32 inches, and
48 inches dcpth,

0.9 FROJEST 2,4a

Photographic film packeta were used to siudy beta ray energies and
the ratio of beta to genne ray lonization of realdual contamination from
both shots, A total of 46 film stations vas set up for each shot along
thrae radial lines, exicading to 12,000 feet on a ¥ line and 6000 fast
on a KX and & LW liae,

Fnorgy dependent dosimeters (modified Landsverk }Model I1-=50 100-r
doaimeter arnd }odel I-66 2-r docimeter) end omergy dspeandent survey
nctors {modified Tracerlab-type SU-IB "Cutie Pics®) were employed to
acsess the effective gomma ray sncrgy over the perisd from 5 hours %e
several deys aftar detonaiion, The surfzoe sho$ stationse were located
on sonth, X2 and EW lines at distances from JOO to 3200 feei, The undexw
ground shot ctetlons were placed from 1800 $o 3000 feet along a aomth
redial line,

D, 10 PROJECT 2.4b

So%s of cpherical lucite sphores of graduated wall thicknesna,
instrocentcd with Sieverd loniszation chanber, phogphate glases and £ilm
in a central cavity, were zct out %o cceess the varletion in quality of
goxra radiation with dopth in unit density coteriel, For the surface
thot st~{tions vcre locatcd on a SW lire at dletences of 750, 550, 350,
1050, exad 1170 yarda, TFor the wndsrgrgund skab, ststions wors located
in & 1ino 10 &czress gouth of weat st distances of 500, €30, T00, £00,
end 1030 yards,
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D.11 PROJECT 2,40

Seintillation comnior ga~ma ray epectronofer cquipmcnt “ruck-nsunts
ed was used to msse3as the degraded gamma radiation field apcsirm,
Moasurczments vere mede Iin the vicinity of a munber of Project 2,1a
stations (Figzre D,1 and D.3) on several smscesalvo doye aftor sach shot,

D,12 FPROJECT 2,5e-1

Pariicle colloctlien equipzont was pleccd T fe2t above gmouvnd at
45 stations in a broad pattern to deternine conconitation erd sirzo
Uetritution of active particlcs in the ncar ground acrapols, Station
pattern close=in is that of Project 2,18, Figures D.1 end 1,2, with
additional stations in the ES (dowmwind) quodrant at 11,000, 1%,002,
20,000, 30,000, end 50,000 feat, Filtor sarplors woro located at 211
stations for gross sampling of mervzols, Several elcctrovsiatic precipi-
tators were similarly employed, GCascade impactors, conlfvgos and parii-
olo separators were naed tv obtain size graidcd semples, Conitlavsus air
renitors and radielegical air sauplors provided eoronol activity versua
tine records and provided serples es a function of time, ’

D.,13 PROJECT 2,56=2

Difforcntial fell-sut c¢sllcctors uaed $0 asse3an tims rate of fall-
ous and therral prcelpltators for ncar greund scrozsel sazpling were
Placed at all stations shown in Figure D,3 oxcopt oz indicated, One
hundreod or more fall-ouil collection troys were plascd cut for each shot
in the patiern of Figuro D4,

D,1% PROJECT 2.5e-3

Ho fiold instrumentation. Individoal active particlos woro igce
lated from fall-oud end crater sazples for physicnl and rediochealcal

study,
D,15 PROJILT 2.6a

Remotoly controllced vcagels cquipped vith core and surfoce soopling
doviccs and a tolevision ronltorirz system wore macd for early sanpling
of the crater 1ip debria, A r»tile powor and control sintion wan ine
stallcd in & 2§ ton K-53 truck, Iatry was initlated durirg tho first
hour after datonation along aan vpwind redisl acccas roed for cach shot.

D,16 PROJECT 2.60-1

ILetoratory radlochenical atudiea,
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D,17 FROJECT 2,602

Laboratory radiochsmical s ndies,

D.18 PROJECT 2,6c-3

A line towing rocket with sanpllng nose was tested es a techaiqus
of rexnte sarpling, The rockiriy were fired into erater and lip after
cach shot from a 4ruck mounted launcher at ranges of 1000 feet,

D.13 PEOJECT 2,7

l5ngrel dogs and shesp were sxposed about 3 feet above ground el
dletances of 2500, 5000 ead 000 feed during each shot, A few animale
vere placed in standard foxholes at the 2500-and H000-foot distances,
All exposures were in the NE (dovmwind) gquadrant,

D,20 PROJECT 2.8
Lerge fall-out sacples were collected at distances from § to 10

2iles in the IE quadrent for coil and particle stuldy. Tnds end oile
cloth shests wore used as collectors,
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© SINGLE STATIONS
© DOUBLE STATIONS

jooS — — T =fues
\o -
v i S
By -~ —
o0~ JNDERGROUNO X ~_ N
\&E/ BURST ° ™~ \\\

¥Yig., D.,1 Bcintillation Counter Statlion Fattern, Surface Shot
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1

@ SINGLE STATIONS
© DOUBLE STATIONS

Me, D2 Scintillation Counter Station Pattern, Underground Shoi
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S -SHOT

ST 2.3 DFO ONLY
STa 36,37, 38 AEROSQOL SAMPLFR ONLY

It- SHOT

STA 102,103 OFO ONLY
STA 132,145 AEROSOL SAMPLER OALY

FMee D,3 Therxal Hecipitator and Differcatisl Collector Stiztions

wiND OIF ECTlOND

g, D4 TFall-out Collecoctor Patteran
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APPENDIX B

STRUCTJRES TESTS

B.1 GENEBAL

The structures test program of Operation JANGLE included 65 rajor
structures or structural elcments, The tests wers divided ints 26
gstructural test projects, & project for certain solls studles, and a
project for the measuremsat of Yranesient loading and rosponse of the
gtructures, In addition, mca2surementa of permanent zroes displacezerts
were made, Table H,1 liets the structural test projecis end Figurs I,
shows the array of the tesi structures arvund ground zero,

TABLR B,1

Structural Test Projects

Froject Agsncy Description
3.1a,b Bursaa of Yards Light steel frame bulldings
and Decks vith ¢orruzated metal pid=-

ing, HO' x 100", At HOOO
end 10,000 feet from zero,

3.22,b,0 Purezn of Yarda Iripad type sntenna towers,
and Docks 100t highs, At 2800,3000 ]
and 3100 fest from zero,

J.2dye PBuresu of Yerds Coantilever t{ype sntenna

end Docks towaers, 100! high, At
2200 end 3100 feet from
ZEro, g
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Project

3e3

3.6

307

Agency

Offico, Chief
Fngineers

0ffiocc, Ohief
of Enginsars

0ffice, Chiel
of Pngincera

Offico, Chief
of Znglnesrs

0ffice, Chief
of Pogineers

of

74810 B,1 (Cont'd)

Degceription

1/5 size modsl of heavy
atesl column tarzet struc—
ture 9! x 12! x 6! high,
At 504 feet from zero (see
3,7 for prototypo).

Reinforced concrete shear
wall target structure 33! x
52! x 16' high, At 4l

feet froa zero,

Reinforced concrete columm
terget structure 11! x 1W¢
x 16% high, A% 504 feet
from zero,.

Three-bay heavy ateel
eolwan target structure 11
x 47t x 16' high, A% L4

foet fron zero,

Single~bay heavy steal
colurn target mtructure,
241 x 36V x 21V high, At
504 feet from zero.
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Project

3482,0

Agency

0ffice, Chiaf
of Zngineors

3.92,b J .é.;.r Materiel

3.108-,
- 191

3.1

3.12a,
b, 0

b

rmand

Alr Hateriel
Command

ALr Materiel
Command,

Porean of Yards
end IDocka

TARLY E,1 (Cont’d)

Dageription

Single=bay light stasel
columm target structurss,
241 x 361 x 210 high, At
630 and 832 feet from zerw,

Roeinforced concrete retalne

ing walls, one with loaded @
fage toverd zero &nd one d
with loaded face away, 12! ) P
high, At 900 feet from /7

380,

Single~bay, 2=story light
roinforced concrete tuild= o
ing frames with brick curw=
tedin walls, 25t x 27! x 300
bizh, At 900 foet from
Ze8T0,

14" and 18"% reinforced

concro}e pavement alabs, =
10 x 1508, At 500 foeel

from zeTro.

Preceat, prestressed cone
crete glabs, 20V x OV x°
6% thick, Reinforced cone
crete slabas £7 x 128
thick, 10% x €0F, A%t 1200
fest from zero,
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TARLY B,1 {Constd)

Project; Azency Description -
/
3.13\/ 0ffics, Chiof Baried reinforced concrets
3f Engineers box, 25} x 25! x 17! high,
open top and bottom, front
and rear wells 5t thick,
A% 233 feot from zero,

Jel5a,bd Purean of Tards Thinewalled rigid frame ‘
and Docks uried buildings, Procast —
¢onereta construction, 20¢

x 4ol x 14! high, At 750

and 1000 foet fron sgero.

3,1€2,b Bureau of Yards Thin~-walled circular arch ﬁ
and Docks rid turicd dnildirzs, Pro-
¢aat eoncreto comatruction
20" x 40! x 10t high, At [
150 and 1000 feod from zero,

3e17a,b 3Burean of Yards Thinewalled dome-shaped
end Docks turied buildings, Precast
concrete corsgtruction, 221
diametsr at floor x 10!
high, At 750 and 1000 feel
fron zZero,

3,18a,b Burcau of Yards Preatressad concrete buried el
and Docks fuel tanks, Precost stave
¢construction, 10V diameter : / /
x §' high, At 750 and \ ST
1000 feet from zere, i
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Project

3429

3.2031!

3,20

Sﬁa)cl‘l

Agoncy

Air Hateriel
Command

Alr Materlel
Conmand

Air Matoerisl
Cozmand

Alr Materiel
Cormand

Air Materiel
Command

TARLE R,1 (Cont'd)
Dapgeription

Tnloaded conerete footings
and 6% conerete cubes,
turied, located adjaceat
¢ several structures

Free standing brick wellse,
16" long x 11' high, A%
900 and 1050 feet from
ZOTQ,

Brick well vwith superimm
posed load, 16} lorng x 119
hizh., A% 2050 feel from
=N of « I

50t kigh brick chimneys,
At 750 and 1050 feet irom
Z2eI0s

Tvo errays of burled squave
toxes, open st top and bot-
tom, Reinforoed conorate
end stoal conmstruction, bew
twacn 8% and 20 square with
49 to &% wvells of reinforced
concrets and one of 12 gage
steel, One srray at 725 snd
cne &t 250 feeot frem zero,
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TABLE E,1 (Conttd)

Project Agency Dozcription

3.23&1. Alr Materlel Circular seation reinforced
8y Command, concrete tunnels, 6' in
diamoter with 5% wall,

Command 3 timbor piles 20! long in
each aluster, At U475 feet
fron zaro,

3.27-191. ALr Materiel Friction plle cluatera,
Y
2

/

3,26a-8 Bureawn of Yards Water, sewor, air, stcam
and Docks and electric lines, all :
undorground, Extendod ho-
twecn 600 and 1800 feet

from zere,
327 Alr Materiel Two~foot concrete cubes,
Command turled, Located adjacent to

scveral structurss
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