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FOREWORD 

This report has hao classified material removed in order to 
ma<e the information available on an unclassified, open 
publication basis, tc any interested parties. This effort to 
declassify this report has been accomplished specifically to 
supbcrt 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 informaton 
as possible available to all interested parties. 

The material which has been deleted is all 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 reproduced directly from available 
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. 
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PR2FACS 

Part One is a general eanrary of tne najor finding.» an applied to 
operatioaal weapons. Part Two is a resaco of the results obtained with 
the test weapons together with a discussion of the problems involved in 
extrapolation. This report is based principally on the final project 
reports of the various agencies participating in the operation. These 
have been consolidated into 2S volumes and are listed in Appendix A. 1 

It should be pointed out that a preliminary report, "Operation 
JANGLE, Weapons Effects Tests" was issued by the Armed Forces Special 
Weapons Project in January, 1952,to satisfy the immediate need for data, 
which, together with operational considerations, could be used to cake 
decisions relative to the stockpiling of several types of atomic bombs. 
In general, the conclusions reached in the preliminary report agree with 
those reported herein with the exceptions indicated below. In view of 
these and other detailed changes the preliminary report should be dis¬ 
regarded. 

[underground deto- a. Comparison of radiological effects for, Jwu.u*ei«uiia uo 
nation with those for an ET surface detonatiói? ha-vfo been modified. 

b. Fall-out of radioactive debris from the cloud froa underground 
detonations at scaled depths comparable to the JANGLE underground ap¬ 
pears to be of greater importance and that from the base surge of less 
importance than previously indicated. 

c. Some but not all of the physical laws governing scaling between 
HS and nuclear detonations have been demonstrated. 

d. Some of the capabilities and limitations of techniques and 
equipment developed for military operations have been further evaluated. 

The JANGLE Operation was carried out under the general direction of 
Dr, A* C. Graveo, Test Director, with Dr. A. I, Spilhaua as Deputy Teat 
Director for Weapons Effects, Tield operations at the sito were under 
the general direction of Dr, J, C, Clark, Deputy Test Director, The 
weapons effects programs were carried out under the direction of Colonel 
Max S, George, TA, USA, Director of Effects Teats, assisted by Lt.Col« 
G, K, KoEeney, USA, 

Thle report vae prepared by members of the «taff of the Doputy Test 
Director for Weapons Effects, coneieting of the following individual«! 
Dr, H. L. Andrews, USPESj CUE 1, J. Hoffman, USNj It.Col, 2, A, Kartell, 
USA; ODE D. C. Campbell, USN; LCDE J, J. Newman, USN; LCDS 1, H. O’Donnell, 
USE; and 1st Lt, E. A, Bürgin, USAT, 
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report In violo or In part and provided noch holpful conmcntt 
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PAEI I 

JAA’SLE BATA E3grS.ipOLA.TSD TO OPESATION.AL VïAPO.’TS 

CHAPTER 1 

IKTHOIWCTIOH 

1.1 GENERAL 

P. ^Opeîati0^ í*?01*3 ^ ^ N^ala Teat Site (now üerada 
I™?** Oroundo) in the fall 0XI95I to determine the properties of 
n!«!n rî Un4rßr0Und at0ni10 •plosions. It lnrolr«d the deto¬ 
nation of 13 high axploolTC charges and two atonic bonhe of 1.2 n yield. 

An operation of this nafrar.- vas conceired soon after the undorvater 
test of Operation CROSSROADS and approved by the Joint Chiefs of Staff 
in Noveaber, I950. Since weapons of operational size were under con¬ 
sideration. safety conniderations dictated that such eux operation be 
done at a site outside the continental United States. The teat was 
scheduled to be conducted on Anehitka Island In the Aleutian chain under 
the code aaae WINDSTORM. Q 

AmrM of the soil and neteorological conditions on 
Amchi Jca indicated that an operation there would produce results of 
■arginal value. Consequently, on 9 May 1952 the Joint Chiefs of Staff 
indefinitely postponed Operation WINDSTORM and directed the execution 
of Operation JANGLX at the Nevada Test Site. 

The move from Amchitka to Nevada necessitated a change in the veau- 
P°88lt)iluy ot contaminating a large ar« 

limited the yield of the weapons to about 1 XT. i/ As a result, it has 
been necessary to extrapolate from the results for the 1 XT weapons to 
estimate the effects stated heroin for weapons of operational sise. 

1.2 OBJECTIVES 

The objectives of Operation JANGLE were considered to be! 

*> To determine the military effects of atomic weapons detonated 
underground and on the ground surface. 

j 

To determine the relative effectiveneee and fissionable materi¬ 
al economy of atomic weapons capable of detonation underground and on y 

1 



tha surface for use la establishing the requirement« for denrelopaeat 

and production of ouch weapons, 

C» To deteraine the phjeical laws governing shoclc wave propaga“ 
tion and scaling between conventional high explosive (TNT) and nuclear 
detonations co that K2 experiments can be used to predict the affects 
of nuclear explosions under varying conditions on a vide variety of 
tergets, t> 

d* To ©valúate the suitability of equipnent and techniques devel¬ 
oped for military operations in vhich atomic weapons are used, 

1.3 LIMITATIONS 

It oust be emphasized, that Operation JAN0L1 involved the detonation 
of two 1.2 ET atomic bombs, one on the surfaco of the ground and the 
other 17 feet underground, whereas the operational weapons to be com¬ 
pared are quite different in energy release and conditions of detonation 
Using the data obtained from the 1.2 IT detonations to estimate results 
llhely to accrue from larger bombs Involves extrapolâtlone which can be 
accepted only with caution. 

The results and the predictions reported herein apply with great- 
tet certainty to situations which coot nearly duplicate the conditions 
vhich prevailed at the Nevada cito. The oignlflcant variables to be 
considered are coll and meteorology. The earth in vhich the test was 
conducted had a high attenuation to ground ebook. There are indioatlone, 
that thie attenuation is near the higher limit of the range for common 
soil types. The ehote were detonated in olear, dry, desert weather vitli 
about a 5 aile per hour surface wind. These weather conditions were 
favorable for the study of the spread of radioactivity. Other weather 
conditions will materially affect the area and intensity of residual 
contamination. 

This report is restricted to a description of the effects which 
may be anticipated from the use of weapons in wartime and is not con¬ 
cerned with other operational factors. However, in sealLog the effects 
of the test weapons to operational, weapons, some limited consideration 
has been given to factors that are inherently a part of the target, the 
method of delivery, and the meteorological conditions, at the time of 
delivery. 

1.4 SCOPE 07 TT5TS 

Operation JAÏÏQLS provides tho first experimental data on the mili¬ 
tary effects of surface and underground detonations of atomic weapons. 
Prior to this operation estirâtes wore based on theories developed from 
studies of results from high explosive tests and the underwater deto- 

2 



nation of Operation CROSSROADS. 

Sinco the teet woapor.a wore conalderahlj lover In yield than prca- 
ently developed operational weapons, and since the test procra^a varo 
carried out In only one environnent, only marginal haalc data on tho 
effect? of surface and underground detonations vero obtained. Those 
data sorre to fill In major gaps In the weapons effects laforaation and 
permit rough extrapolation of operational weapons and conditions. 

1.4.1 fhcaoaena Hensured 

Operation JANQLE produced basic data on ground ahoch, air 
blast, and on the alze and shape of craters fron underground and surface 
bursts. Some Infonaation was obtained on missiles and throw-out. 

Considerable information was obtained on the loading of and 
response of structures within the region of elastic structural action. 
Very little information was obtained for the region of plastic action 
and such data are necessary for the calculation of ultimate reaistanco. 

Extensive measurements of gamma radiation rate roroua time 
and distance were made. Sampling of fall-out and near-ground dust cloud 
was carried out over a broad pattern to dotormlao the distribution of 
residual contamination and provide samples for radiochemical and parti¬ 
cle studies. Biological studies were conducted to assess the beta and 
gamma hazard and possible inhalation hazard. 

Extensive photographic records were obtained and have been 
partially analyzed to provide measure mente of transient ground dis¬ 
place cents, measurements of air blast, and correlation of visible phe¬ 
nomena with radioactivity records. These pictures will be useful for 
training and indoctrination. 

The operation provided an excellent opportunity to field 
test various radiological defense measures, field tests were also T"Me 
of tho tcchniou€3_ of_long-range -detection, indirect bomb damage assess¬ 
ment, cad the vulnerability of various typos of military eauipnent and 
fortifications. 

1.5 test DsrosmoHs 

The following series of shots was fired to achieve the objectlvce 
of Operation JJEQLE: 

a. Thirteen high explosive (HE) shots using several weights of 
explosive from 177 pounds of peatolite to 40,000 pounds of TUT, fired 
underground and on the surface of the ground. 
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b. Surface ahntf 
Jabo ve groundTj 

.2 ZT yield,f. 
fired 19 EoveãSer I95I 

c, Undor^rouad ehot, same weapon as the surface shot, 1.2 ZT yield 
ceator of ßrr.vity 17 feet undcrerouad, fired 29 Eovenaber 1§51. 

1.5*1 Specific Objoctl^ea of the Shot« 

The RE shots listed in Table 1.1 were carried out in Tueca 
Plat prior to the nuclear explosion* to provide a basis for selecting 
instruacat ranges capable of recording lata from the nuclear shots. In 
addition, these HR shots provided a basi« for the aesigmeat of equiva¬ 
lent TKT yields for the nuclear shot«, and the possible estábiljhuent of 
THT-nuclear scale relationohip«. A second aerie« of KE shots, listed in 
Tabla 1.2, vas fired in Frenchman Flat to provide basic d* ta for case 
surge studies. 

The surface nuclear ehot vas fired to determine the affect 
of detonating a veapon on or near the surface of the earth and to deter¬ 
mine whether large yield weapons using relatively «mall ©counts of 
fissionable naterial vould produce underground effects equivalent to 
those produced by lover yield penetrating vnapone using largor arount» 
of fissionable naterial. Air pressure Information from a surface shot 
was reo.uired to givo "0 height" data for height of burst curves.£/ 

The underground nuclear shot vas fired to provide a b&si« 
ostiiaat^on effects to be expected from the detonation of 

ã[ \penetrating veapon at a depth of approximately 50 feet under- 
gîcuüfÇ 

TABLE 1.1 

First HZ Serie« 

Shot 
TNT 

W (pounds) 
Depth to Charge 
Center of Gravity 

d (feet) 

Scaled Depth 
'k <1 ’ 
Xc zwl/3 

Date 

HZ-1 

HE-2 

HZ-3 

ee-4 

256O 

^),000 

2560 

2560 

2.O5 

5.I3 

6.8 

-2.05 

O.I5 

O.I5 

0.5 

-O.I5 

25 Aog 

3 Sep 

15 Sep 

9 Sep 



TABLE 1.2 

Second HE Series 

Shot 
TET 

W (potmdi<) 
Eopth to Charge 
Center of Gravity 

d (feet) 

Scaled Eopth 
«V _ d , 
XC -V-/3 

Date 

KE-5 

HE-6 

HE-7 

HE-S* 

HE-9* 

HE-10* 

2560 TUT 

2560 hit 

256O TUT 

216 TUT, IT? Pcntolito 

216 TFi', I77 Pentolite 

216 TUT, 177 Pentolite 

4.1 

3.0 

2.6 

1.08 

0.84 

3.3 

O.3O 

0.22 

O.I9 

0.18 

0.14 

0.5 

20 Sep 

2 Oct 

4 Oct 

13 Oct 

14 Oct 

14 Oct 
_ 

• Tvo separate charges fired simultaneously 
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CHAPTER 2 

ESTIMATES FOE OPERATIONAL WEAPONS 

2.1 VTJiONS 

Tvo ejJctlag vcapons have been eelcctc'd to cinie comparative catl- 
C3.te3 of tha major effects to bo expected froa aurfece f-_n4 urdorerouad 
¿ot-o.'ifttlona of nrclcar vc.-.poac of operational r.ize. 

,— The presently developed weapon capable of ground penetration is the 
\ 

\ 

The scaled dopth of 17 
feet for the 1.2 FIT teat explosion corresp^H^a, to a depth of nboat 50 
feat for the£^ The depth of ponotration¿ ”^vrill 
vary with tho tjpfe of earth in the target areal A ponotraticiPoi 30"^ 
foot laay be expected in ccnd, ^5~CO feat in loaa, and G5-100 feot in 
pleatic clay. The cract penetration in a given coil depends on the 
nttiViíño and velocity of the bomb on inpact. 

Ir-plosion type venpons capable of ground penetration have not been 
developed, but fucing of implosión reapona for dotoration at or near the 
ground surface is practicable rnd under dcvelopncnt. Thorefore, tho 
capabilities of such weapons detonated at the ground. cui*face should be 
conparod ulth those of thof ¡In this report the) 

‘rlth an 
oatiratod yield of _ HI haa been used for cocparioon, .‘Eaccd. ci"the 
aesuaption that 1 ícg^f plutoniuu ie equivalent to 5 f'1’ uraniun—235» 
on® of theso bombs would contain about one-third the equivalent amount 
of fissionable tutorial in ono] J Other lEplosion ucapone could be 
compared with cone chargo in the r^lctlye econoqy in fissionable rateri¬ 
al. Favorer, for all weapons vith theL_ Tgefitaetry tho changes till be 
ninor. The cconoay fignore will be loucr*(ihe| Xdll Ijiiua corapare 
rare favorably in this respect) for all weapons vith the, ^ 
gconetry, ' ^ 

2.2 SblflARI OF ESTlMJtJTPD OIECTS 

Table 2.1 is a briof epaurry of the cotlinated effects pf_^a( ""l 
do to rated undcrgrotini, no ! "T surftco do'omtion, end r n ( pIT^air 
burst fired at 3^^ feet-—:vho height of buret to give tho ndxauan area 
covered by 10 psi r.ir oveepreccux*e. 

2.3 C PATHS 

Eecvilts fron the JANGLE operation indicato that predictions of 
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crater forz-iticE ore roliabln. ?iiio evaluation of roliabiUty ie based 
on a comparison of H2 and nuclear reoults which is ¿iucuar.ed unior 
Crater Scaling, Paxc^raph 

Crater radii for underground explosions aaj bs calc’ilated fron 
rolatlonchipa dcTcloprd in EB experiments and fixa observoi bal- 
llotic properties ^ Tbonb caso, thich deteraino its penotratio: 
in a given eoil¿/*3?Í£ure ?TÍ shows the penetrations which cay be ex¬ 
pected for the£^ jvroapen and Table 2.1 chows the crator dimensions 
calculated for t^v-eral rcpreocntatÍ73 citxmtionB. The raaults of the 
nuclerj chota in Iicvada and the relationekips froa earlier .U experi¬ 
ments were used in caring the calculations. 

r~ 

If |bonb ware dropped in the center of an airfield runyay, 
and penetrated'to about 50-foot depth, it woxxld produce a cratcrT 

Eeoctivation of the runway for use by bonbers la strip of 200-foot mlST 

Pig, 2.1 Penetration vs Impact Velocity forf~ ”^Veapon 
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sma vidth) vould take about^ _ ]catic yards of fill aad vauld ro^alr# 
a nlnlrroa of about ÿO daye* voile for corpletlon undor esergency cporatlcç 
conditions. Unless shielding for ciulpaeut operators vero provided, it 
would to Impracticable to start work before one or two wocka tocarse of 
radioactivo contaaina^lon. Bre j thon, the repair forcea rust be pre¬ 
pared to provide several roplcccnent crews of equlpaant operators and 
other poroonnol vorkirg in the imedlate area. If shieldlnj equivalent 
to 1/2 inch of steel were provided, work could be^in within tvo dayo with 
few, if ay, radiation caoraltica. After four vocke, the radiation 
problem would not oeriousîy hinder construcïion, 

AnJ Jn rorface detonation under similar conditions would produce 
a cratoi^ 

J To roplcco a 200“fcot runvay strip voulû take 'cubic 
yards of fill and would require about one week of work, BaSdoaclive 
contamination would presont about the Base problems to the repair creva 
as in the case of the underground burst. 

If atonic weapens are used in aining operations to produce a crater 
an inplosion bomb should be buried deep underground, i.e., hundred a of 
feet for an n XT bomb, 

2,4 AIS BLAST 

Air pressure coasurtnents fron tho underground nuclear test ahovod 
characteristicc ainilar to those obaerred with the «caled E2 tecto. 
Therefore, direct scaling for an operational weapon undor the Herrada 
conditions appears Juutlfied, The effects for other depths of burial 
and other soil conditions are not as well established. Heavier soil or 
greater depths of penetration will reduce the overpressure as conparcd 
to JAHGLX conditions. 

Peak air pressures along the ground for the two operational weapons 
being considered are compared to the pressures obtained with an) 7x3 
air burst in Pigure 2,2, 

I 

Blast pressures in the air above either a surface or underground 
burst are a matter of interest for tho safety of aircraft in that vicini¬ 
ty, Figure 2,3 gives peak overpreasures for the operational weapons 
under consideration. These curves are sealed from the JAHGLS data and 
corrootod to give values at sea level, A correction for tho decline in 
atmospheric pressure with increasing altitude above the surface Bust b* 
used for any operational situation. These data apply for positions di¬ 
rectly above the point of detonation. Further extension of the JAITGLX 
data is required to give information for other positions in space. 
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2.5 Q30USD SHCCK 

las vif fiel ent o:.porlr;Cntai data crdLot to «otablieh la>í3 which vill 
allow ncalli^; ¿round prensores and accoloratlono with their aasacintod 
tiae charactorlnticB and dispine caenta to operational size wcaponc. for 
thee« ¿round phcnocona no apatcaatic relationship fcna bean detemined 
between the E?, and the rnclear shoto. Therefore, the iracdir.to appli¬ 
cation of these data to operational conditions ie injoaaiblo. 

Conpariaon of the earth accelerations in the JAÎÎ0L3 R5 tests and 
tests at the Dofvay Provins Ground indicates that different oolls end 
gcolocicpj. conditions will altor the distance at which a certain effect 
takes place by as ouch aa a factor of three or sore. In general, damp¬ 
ing effects will be transmitted to mich greater distances in saturated'' 
■oil, particularly wot clay, than in toil haring smaller water content, 
A hard underlay er will reflect the ground effects and increase their 
range. In this respect it should be pointed oat that regiono of geo¬ 
logic nommiforaity become sore important as the size of the chaxge 
increases. 

The air blast from a surface or shallow underground explosion pro¬ 
duces accelerations and pressures. In general, the highest peak values 
are produced through this action, but in the case of acceleration/! the 
peaks are of such short duration that they will usually be negligible in 
causing structural damage. The magnitude of those phenomena, -olativo to 
direct transmitted effects increases with charge siso. 

2.6 STRUCTURAL DAMAC-F. 

Pynanic model laws wore used to extrapolate the test results from 
1.2 XT bombs to the effects of operational weapons. The aaounptioa that 
direct scaling is valid is questionable in several details. However, 
variation of results within the extremes considered probable will not 
alter the general picture. 

2.6.1 Significant Conclua ions Drawn Proa Extrapolatip nr 

Underground or surfece weapons are the only effective neanc 
presently available for atomic attack on heavy fortificationn, eub-pens. 
or other extremely reals tent construction. Structures of this nature 
ia eoil similar to that at the Eevada Test Site would probably Lave to 
be within tho crater to ensure appreciable damage. Table 2.1 Indicates 
Jihat the crator diameter of J;ould be about twice that of the i ET surface weapon. 

Surface structurenare damaged primarily by air blast. Ta¬ 
ble 2.2 indicates that the ' Tet surface weapon would have a damage 
radius two to three times tb£t of thef /at overpressuree in 
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of 10 pal. The pattern for eevoro da^a¿e to Burfec© Btrusturea ia cítm 

In Table 2,2, It Is baaed on the criteria for air bleat daxage givsi in 

Reference 2, 

The JAIÍ31S tóate indicate that the area of appreciable iaa- 

age to light -inierground conntrrjrtion is quite United. Troa the ro¿ults 

of previous teata it appears that this area would be sonevhat less than 

the dnn&ge area for hrnvy eurfaco conatruction. 

Calculations nade on the resistance of truss bridgetj^/ indi¬ 

cate that ground shock la relatively ineffective in producing danage. The 

bridge piore would have to be virtually within the crator to ensure fe.il- 

uro fro* pier dieplaccncnt, Eovjvor, the calculations show that the su¬ 

perstructure of euch bridges of 150- to 300-foot span would be destroyed 

by air blast of 15 to 20 pai ir^easity. Direct «trapolaclan of the 

JAUOLE data indicates th&t thef__ 'jvould give£ j>BÍ_at/ Jyarde c,nd 
the^ surface weapon would üivu this presaure at_J yards. 

ÏA5LE 2.2 

Range of Oanoge to Surfaco Structurel 

Type of Ccnstroction 
Damaging 

Overpressure 
pei 

Heavy Steel Fraae 

Heavy Reinforced 

Concrete 

Light Steel ?raice 

Heavy Masonry 

Light Masonry 

Light frame (Dyol'ling) 

25 

10 

5 

3 

• Height to r-nrleize area covoroi by UT pel air-blast overproótfÊÍé 

2.7 THJRMhL RADIATION 

The effects of thermal radiation iron a eurfaca detonation are nuch 

less than in the case of an air burst of the eana weapon. The theroal 

energy an any given distance froa a surface buret is about one-third 
that froa an air burst. Ivon so. under good visibility conditions the 

danger area for thcrral radiation to exposed personnel exceeds that of 

initial gema radiation. A cocporison of the thercal effects froa a 
surface and an air burnt is given Table 2.J. It should be noted that 

12 



In the caso of the surfaca hrxst ther-il radiation rar^oa ¿o?cr.d nnch 
nor© on flatneaa o? terrain. 

Therral rrdlation ©ffecte decrcaa© greatly with penetrat'.cn of the 
weapon Into the ground. They will he negligible in the caae of weapons 
fired at depthn coaparahle to the ¿AEGL2 underground shot. 

TAELS 2,3 

lango of Therral Daaage 

Uoderñte fldn 
burro 

3rd degree skin 
bums 

Cotton twill, 
khaki or grven, 
destroyed light 
woolen fabric, 
khaki, destroyed 

16 oz. wool 
Jersey or 
elastiçue, 
green, destroyed 

* Tabulated Values are horizontal distances from ground zero, feet 

2,g RADIOLOGICAL gETSCJS 

The radiological effect produced hy nuclear weapons detonated on 
the ground surface or underground is a najor one. Just as for the air 
turst, gaaaa radiation during the firat few seconda following such deto¬ 
nations will produce casualties orer a large area. Tor both the surface 
*ad underground detonations, the danger aros from this early g&ÜTO 
radiation is coaparahle to that in which light eurfaco structures receive 
■njor iacage fron air blast. 

The radioactive debris from either the surface or the underground 
detonation is associated with large particle« which are deposited at a 
sufficiently rapid rate to produce significant concentration« of radio- 
no tire contamination over extensive areas around and downwind from the 
*«ro point. Apart from the change in wind direction with height, the 
crosswind extent of the area of residual contamination is dependent on 
the weapon, ite method of detonation, and soil conditions. The downwind 
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extent of the area is laißelgr ¿etorained by the vlnd Telocity 

laportant radiological hazards asBociatcd xith contcrinAting burets 
3nd estinates of effocto to be expected forQ i underground and for an 

surface detonation are pressated in Sect>tfn 2.8.1, Untiratoa are 

‘’^resentod for offocte eJ s<ja lerel with an average wind velcrity of 5 
niloa per hour for thei «uid 15 niles per Lour for tha^ ^ET surface 
burst. This selection of'vinds io arbitrary but ia conaiuerad reaion- 
able since surface shot clouds will rise conoiderably higher than the 
underground shot deuda aud in general will novo in a higher wind apead 
region. 

2.8.1 Cocparlson 
^ ~L C ^ 

of) Underground end' ET Surface Potonationa 

—'p 
\ «tr.np.t4 rtn A surface detonation of an implosion weapon ie the oast 

economical method in tense of fissionable materials for producing lethal 
radiation dosages over large areas under all probable wind conditions. 
The are&e receiving lethal docage within any period of time are not 
significantly different botvcca surface detonationc and underground deto¬ 
nations up to the JA53LÏ scaled depth for weapons of equal. cnorQr re¬ 
lease fired under comparable vind conditions. 

The most significant factor in datomining the area contami¬ 
nated to any specific rrdiation level for a given yield is the wind. 

The area recoi-^iE^lothal dosage in the first 10 sceprds is 
considerably greater for an) ET surface burst than for a lurdor- 
ground burst, (See Jig, 2,^Peñd Table 2,4,) r 

Araas receiving lethal dosage in the first 10 seconds for 
underground and corf ace detonations in irregular terrain end in de¬ 
veloped areas will be drastically reduced due to shielding. For large 
air bursts detonated at heights maximizing 10 psl air overpressures the 
loss la area receiving lethsJL ga-x^a radiation dose is considerable due 
to increased slant rrnge, (See Jig, 2,4,) The danger area for initial 
gamma radiation is greatest for low to intermediate height air bursts 
whera the shielding losses ero balanced against slant range losses. 

The area receiving lethal dosege in the first 10 nlnutc.s Í4L 
core than twice as great for an, \kT surface burst as that for aj 
underground burst, (Seo Jig, Ziysanà. 2,6 and Table 2,4,) 

The area receiving lethal dosage in one hour from an Í JlT 
surface burst is about three times that from a|_ "jiuderground curst, 
(See Jigs. 2.7 end 2.8 and Table 2.4.) In the catf$cf the scaling for 
one hour dosages involved bore, the uncertainties are increased to a 

factor of about 2 duo to the wind influence. 
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Areas unsafe for troops operating in the open (i.o., area 
exceeding a dose rate of ®-t one hour) are extonelve for several 
hours and^night ho about three tinoo as large for aa^ jI" surface b-irst 
as for a^_ ^(inierground hurst. (See Jigs. 2.3 and ¿.10 and Table 2,4.) 
These areas'continue to chango in shape and site aftor one hour In a 
conplex manner due to vind ard radioactive decay, extending further dovm- 
irind as a result of later fall-out and shrinking due to decay, 

, Areas of significant residual contaaination (greater than 
100 r/hr at one hour) for both our face and underground detonations scale 
roughly as the yield to the tvo-thirda power. Uncertainties in tho pre¬ 
diction of location and size of arena of contamination due to unrelia¬ 
bility o£ ? ceding are aggravated by uncertainties to be expected from 
predicted meteorology. 

The base surge associated with underground atonde detonations 
at the JASULS scaled depth appears to be secondary in its contribution 
to transient radiation dosage and in its distribution of residual con¬ 
tamination. The bulk of the activity is initially in tho central upper 
cloud. The base surge associated with the underground detonation de¬ 
posits some contamination but tho relative contribution fron baso surge 
and fall-out has not been evaluated from present data. 

The contribution of soil induced radioactivity to residual 
sontaaination should be snail for surface and subsurface detonations in 
tost soils for all weapons except those in which tho ratio of escape 
»entrons to total fissions is markedly increased over tho ratio for tho 
ÏAHGLÜ weapon. The^ {would increase the ratio of escape neutrons to 
total ficsionr end thus increase the soil induced radioactivity» 

The inhalation of radioactive particles constitutes no mili¬ 
tary hasard* independent of externtd gamma radiation hazards of no re 
serious consequence. 

Long term biological effects from inhaled particles are 
very doubtful but not ruled out. 

Subjecting an urban area to radioactive contamination by 
either a surface or subsurface burst will not result in denying perma¬ 
nent occupancy of this area. Vlth the exception of the crater and en¬ 
virons, substantial reoccupation may take place within a matter of weeks. 

Weapons of yield greater than 1 IT may be fired safely 
underground and on the surface within the continental United States. 

In this report the term "military hazard" is used to imply a reduc¬ 
tion in combat effectiveness in a relatively short time (several 
hourt to one week). See Bc/ferenoe 7. ^ r. r-d 

fte. IS IÇ *El£T1 
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-Virol about 50 foot underground at the Neruda Proring Ground* 
woull^e less harardouB tivua a tower shot of comparable yiold fro* the 
point of riew of radioactir* fall-out outaide the imsodiate teat area. 
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CHA?2:-3 3 

COUCLÜSIOÎ.'S Ain Ri00MXEaDiTl0H3 

3.1 CONCLUS 10:IS 

Tho nllitaxy effects of atosic vcapono detonated underground and on 
the eurfaco were deternined to ho: 

a. The creation of largo cratera. 

h. The creation of areas of high air blast OTerpressurea which 
would daffngo heavy surface strooturca. 

c. The coxçling of conolder&hie energy into the ground which, 
under favorable circtuaatanccs, would probably cause daaage to heavy, 
buried structures and fortifications somewhat beyond the Unite of tho 
crater volune. 

d. The creation of large arena whore tho total radiation dosego is 
above lethal to peroonnol in tho open and which have high levels of re¬ 
sidual radioactive contamination. 

e. In tho case of the surface weapon the craatlon of thermal rad¬ 
iation which is dangerous to eiposod personnel over largo areac. 

The relative effectiveness of the two weapons compared T 
detonated underground and anp ^detonated at the aurzäco)j in 
producing these results of military inportanco is indicated below. It 
•hould be noted that the 1 uses about thres tines the aaount of fis¬ 
sionable catorial as thaPusdd in theÍ Any comparison to be 
Bade on the basis of econory of fissloïïhble natefial must weigh tho eon- 
parieons of effoctivcnoso ly this factor. 

r ^ 
a. Tho^ ^lt fron ten to twenty times as affective in producing 

Tolune of cratcrP It is four to eight tines as effective if area at the 
surface of the crater is selected as the criterion. lor crater fornar- 
tion the eurfsoo weapon is not sensitive to small heights of burst, 

less than 50 feet. 

b. 
tlona is 

c, 
pressure 

The radius of damage to heavy, buried^ structures and^ortlfic^* 
more than twice as great for the1^- las for ths' 

r n r ^ -4 
ij >ill damage heavy, surface atructures (25 psi air The 

or ¿fearer) at a distance about three tines as great as the 
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I 
r n 

d. Th« 
log area« of 

jicv he aa noch as three tines as ;effestire in craat- 
'KlgîrradioactiTe coataaination as the/T 

e. Only the LJ* 11 produce significant thenaal effects. 

3.2 ES00ÎQŒK2ATI0SS 

l This test has desonstrated that »-ad the surface detonated 
Icplooion weapons are special purpose atonic^eapens which hare signif¬ 
icantly greater effoctiTcnass than other types in damaging underground 
and cassire structuros, in producing craters, and in distributing redio- 
fretire contacination OTer eztcnslTe areas* It is rococnended that oper¬ 
ational studios to dotemine the use of these weapons be restricted to 
situations whore these factors ere of prinary inportance. 

In the use of these weapons, target intelligence will be particu¬ 
larly important since the radiua of the abors aignificant military ef¬ 
fects will be markedly altered by the character of the eoil, and the 
meteorology at the time of the drop as well as the method of delivery. 
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PAEI II 

EIõUME 0? JIHÖLS EISULTS 

CRAPTES. 4 

THE TEST EXPLOSIONS 

4.1 GENERAL 

Data on tha wenpona, soil and motoorology axa prosantcd In Appendix 
B. retailed infornation regarding basic physical Beesurcaertu, raíLioac- 
tirity and biological meacurenents and atructural teste in giren in Ap- 
pendiceo C, D and E roapectivelj. A general layout of the *AFjLI test 
area is shown in Pigure 4.1. 

4.2 SUET ACE DETONATION 

The visible phonosena obserred during the 1.2 ET nuclear surface 
detonr.tion were« in some respects, similar to those associated with low 
air bursts. This was particularly true of the later visible fora of the 
detonation consisting of the typical smoke column and mushroom shaped 
cloud. Differences in fora were obviously the result of the colum and 
cloud being heavily loaded with dirt and dust. 

Upon detonation there was an emission of very high intensity visi¬ 
ble radiation which rapidly diminished to a low irregular configuration 
of incandescent dirt and dust. Although the luninoslty persisted for 
several seconds, the ball of fire was greatly obscured and di?.uted when 
it finally energed froa the surface debrie in true epherical »haps after 
about one and a half seconds. At this tine the top of the sphere vas at 
a height of approxinately SCO feet and the ephore was rising at the rato 
of about 200 feet per second. These in&ediate visible phenonena are 
shown in ligure 4.2. 

Ae the high teaperature ephore rose from the surface debrie, the 
latter subsided end Joined the surface dust cloud created by the shock 
«ave striking the ground. So base surge was formed. As the sphere 
cooled and aseonded, a chimney effect was noted wherein the trailing 
column of dust and debrie was sucked up fron the surface. This later 
▼ieible fora of the column and cloud was very s ini lar to that of a low 
*ir burst. At no tlae, however, was the sphere or upper cloud separated 
froa the visible column. The forcation and growth of the column and 
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upper clotid are presocted In riir>ire 4,3

Hie upper cloud and column continued to expand and rieo for aeroral 
minutes after foruntion, gradually drifting dow:.-vind and dispereing. 
Figure 4,4 ehovs the fully doyeloped form from the surface detonation 
■before being dirpcrced by vi.ndc. The carlnum height of tho main clo'id 
mass was about 6400 feet,

4,3 UCTOGEOUITD jriOmiQg

in entlclpatei, the risible phenomena observed for the underground 
nuclear detonation raterlc-lly difforod from those of air, eurfcce, and 
underwater nuclear bursts, Thoy did not differ, hoverer, exaopt In de­
gree, from those observed for large TET underground explosions.

High intensity lllunination acconpanylng tho underground dotor^- 
tlon lasted an extreuely short time. Ho lllumlnation vas visible rJtsr 
sixteen hundredths of a second. Large quantities of e=u:th end debris 
vere throvn upward and outward with very high velocity vlthln a very 
short period of tlae to form an Inverted conical shape. This throv-out 
reached a height of 900 feet and a diameter of 1200 feet In about on»- 
half of a second aftor the dotcaatloa, Thcoe Icacdiate visible phr»nosnaa 
are presented la Fifrere ^.3.

Appro.uiuutGly 2 st-conis rl'ter detonation the r>_to of rl

expelled, froa the sides of tho inverted cone. These struck 
and Joined the surfece dust cloud created 'by tho air blast, X chlnncy 
effect vets briefly observed at about this time, although It was of 
short duration and did not materially affect the form of the dust cloud. 
The central portion of tho inverted cone continued to rise as an irreg­
ular geometrical shape at a relatively slow rate of a'bout 35 
second,

At a'bout 15 seconds after detonation a 'base surge cloud of fine 
dust particles eppea.red at the base of the column. This cloud contia- 
uod to cxp::n4 for about 3 cinutec, rcixshlng a Eaxlruu crossvinl 
radius of about 2200 feet. Largo quantities of material continued to 
fall into tho surge after the radial growth of the surge cloud had 
ceased. Increasing the evo-ge height but having little effect on tho 
dlFr?otcr, The surge height Incroasfd. continually for a'bout 10 rd.nutes, 
gradually dispersing In a dcvuv'ir.d direction, Tho above phenomena are 
ehovn in liguro 4,6,

A distinct upper cloud, heavily loaded with dirt and attached 
to a lower and less opaque cloud, continued to rise and expemd until 
mere than 3 minutes after detonation, reaching a r.nxlmm holght of 
about 50X feot, Ilgure 4,7 sheva the fully doveloped fora of the



Fig» 4,1 JáZTOLí Arca Lcyout 

!• Zero for surface nuclear ahot 
2, Zero for underground nuclear «hot 

• Zero for E3-1, 3, 4 
• Zero for 0-2 

5. Line for blast aeasureaents, 
surface nuclear shot 

6, Stations for exposure of bio¬ 
logical specie ene for surface 
shot 

7« Lineo for gacaa radiation 
aeasurenent and particle collec¬ 
tion stations for surface shot 

8* Main line for blast aoaaurcnents, 
underground nuclear shot 

9« Minor lino for bleat acasuronente 
10, Area for teat structure!» 
II« Stations for exposure ef bio¬ 

logical spec icos for underground 
shot 

12, Lines for gama radiation 
neasurenent and particle col¬ 
lection stations for under¬ 
ground «hot 

*3* Missile collection areas 
14, Test areas for land dceoutaai- 

natlon 
1?, Lines for blast neaeureaente 

for ES tests 
16, Main distribution station for 

timing signals for the nuclear 
shot 

17, Eccording station for gama 
intensity acasureacnts 

18, Eecordlng station for free 
air pressure aeaaurcaonts 

19« 2000-foot circumferential road 
20, Ono aile circumferential road 
21. Approach roads 
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underground nuclear detonation. 

4.4 BE BURSTS 

▲ seriee of 13 Mgh explosive shots using several weight* of ex¬ 
plosives vae carried out prior to the nuclear hursts. These shots are 
discussed under parogreph 1.5.1. A striking similarity of visible phe- 
nonena existed between the nuclear and the £1 scaled bursts despite the 
fact that there is considerable uncertainty regarding the physical lavs 
governing scaling between the two. 

Photographs of Shot E£~4 which was detonated in the scaled position 
of the surface nuclear detonation are presented in Figure 4.g. Tisible 
phenomena of the conventional high explosive fired at the scaled depth 
of the underground nuclear shot» HZ-2, are shown in Figure 4.9. 

Several conventional high explosive shots vero fired to give basic 
data for base surge studies. The effect of extreme depth of burial on 
the development of the base surge is shown in Figure 4.10. This series 
of photographs of the detonation of a conventional high explosive buried 
at 3*7 times the scaled depth of the underground nuclear shot shows all 
of the cloud collapsing into the base surge. 

4.5 CRATERS PRODUCED 31 THE HUCIBAB TESTS 

The craters produced by the two nuclear shots are illustrated in 
Figures 4.11 and 4.12. The surface crater was j)0 feet in diameter and 
.21 feet in depth. The underground crater was .260' feet in diameter and 
53_feet in depth. For these_ shallow depths of burlad, there is no dif- 
ference between the apparent and the true craters. 

High-speed photographs of the underground detonation repeal that 
the resulting crater was formed by a progressive scouring action rather 
than by ejection of large segments or plugs of earth. The nature of ths 
cratering action is borne out by the essentially unchanged condition of 
the original soil structure at the face of the crater walls. The orig¬ 
inal soil structure, consisting of alternating layers of caliche and 
loose sand, is apparent in Figure 4.12. 
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CHAPTER 5 

AIR BLAST AND GROUND PHENOMENA 

5.1 PRESSURE MEASUREMENTS IN TEE AIR ABOVE THE BÜRST 

Measurements were cade using balloon-suspended gages and rocket 
trail shock velocity techniques to obtain vertical« air overpressuro- 
distance data. The gage data« hovever« were not considered reliable 
and therefore« the curves for pressures in the air for the two nuclear 
shots are based on shock velocity data. During the surface nuclear shot 
the primary photographic timing standard for these data failed. This 
necessitated the use of ground-level gage data on shock-vave arrival 
times to establish a time scale for the measurements in the air. with 
the assumption that the shock vave is symmetrical radially along the 
ground. The surface shot data for the vertical peak pressure distribu¬ 
tion are therefore not as reliable aa that for the underground shot. 

Distribution of peak air overpressure vertically above the tvo nu¬ 
clear burets le shown in Figure 5«1* A striking feature of the graph 
is that pressures above the underground shot are higher than those above 
the surface shot. It is aleo evident that in the case of the under¬ 
ground shot a secondary shock wavo overtook and reinforced the inf.tlal 
shock at about 1100 feet in a direction vertically above sero. The 
cauae of the secondaxy vnrt is unknown. The existence of a similar 
secondary shock wave along the ground it not apparent from the measure¬ 
ments taken at ground level. 

5.2 PRESSURE MEASUREMENTS ALONG THE GROUND 

Peak air overpressure versus distance along the ground for the two 
nuclear shots le shown in Figures 5*1 and 5*2. Data obtained by rocket 
trail shock velocity techniques, both along the ground and in the air, 
are presented together in Figure 5-1 For comparison. It is Interesting 
to note that the ehock vave for the underground nuclear shot le not hem¬ 
ispherical but has a greater radius from the explosion center vertically 
upward than along the ground. 

As shown in Figure 5-2 the egreeaent among the data on peak air 
preseuree at ground level obtained by gages and ae calculated from shock 
velocities using blast switches was found to be good. It is noted that 
the shock velocity method consistently gave values slightly higher than 
those measured by gages. 
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5.3 BLAST JTriCIENCIES 

Blatt efficiency of an atoaic bomb burst is defined as that frac¬ 
tion of the total energy which is in the form of blast energy ar.i is 
determined by comparison of the charge weight of TKT (WT}r,) which will 
gire the same overpressure-dietanca relationship (for overpreseures less 
than 100 pel) as the total yield of the nuclear weapon (W*). Blast ef¬ 
ficiency has been defined by tho equations 

Blast Efficiency (in per cent) 3 VTOT x 100. 

The peak overpressures along the ground for the surface nuclear 
shot and the E£-4 data scaled up to 0.95 M are In good agreement as 
shown In Jigure 5.3. Thus, according to the above definition, the sur¬ 
face nuclear shot exhibited an apparent blast efficiency of about BO 

In contrMt* fr011 results of Operation TUMBLE, the blast 
efficiency of a nuclear weapon burst in free air was calculated to be 
about 40 per cent. Thus, the pressure distribution for the 1.2 KT sur¬ 
face nuclew- shot aight be expected to agree with that for a surface 
burst of 0.48 KT of TNT, but Instead was found to agree with 0.95 KT of 
TNT. This discrepancy by a factor of two between expected and apparent 
blast efficiency for the nuclear weapon detonated at the ground surface 
is attributed to the nature of the air blast ovexpressures associated 
with near surface HE detonationaJLfcS/. 

th* paak 0TerPrsssures along the ground from the 
OHEMHOUSB George shot scaled to 1.2 Et are in agreement with the JANGLE 
surface shot data for overpressures o£.10 psi and less as ■howa.in Tig- 
ttre 5.3. The G2EXNH0USE George shot 1 
fired at a scaled height of burst (h/W3) off' ' ‘ Tana, 
■caling of the JANGLE nuclear surface shot to surface burrtfmLclear* 
weapons of large yield is well verified. 

It is also noted from figure 5.I that the JANGLE surface shot data 
and the GBEENHOÜSB George shot data scaled to 1.2 KT are both in agree¬ 
ment with the TUMBLER free air overpressure data scaled to 2.4 KT. 
This indicates that the reflective effect of the ground on peak over¬ 
pressures from nuclear weapons fired on or near the surface of thq_ 
ground 1«.Relatively insensitive to scaled heights of burst up to/ 

* 

It is possible to compute the TNI equivalent energy release of the 
jaderground nuclear charge by comparison with the underground El shots, 
»cale factors between the 40,000 pound HB-2 and the nuclear test can be 
Computed for peak pressure, positive phase duration, and positive i»- 
Palne. These values lead to an equivalent energy yield of about 0.85 
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IT for the nuclear charge, as judged, hy ite ability to produce air 

blast* When the scale factors are based on the 2560 pound EE-l, as veil 

as HJ—2, the equivalent "air pressure" yield Is closer to 1.0 TC2. 

5.4 GROUND ACCELERATIONS 

On the two JANGLE nuclear shots, aa well as the first four HE shots, 
ground accelerations were raoasured with Schaoritz and Viancico acceler¬ 
ometers and these were backed up with Engineering Research Associates, 
Inc* (ERA) gages. Vertical, horizontal, and transverse ancolaratlons 
were meaeured. In general, the ERA gages gave less reliable resulte 
than either the Schaoritz or Viancko gages. Oages were placed along the 
blast lines with a email number scattered throughout the structures area 
around the underground zero point* The standard depths were 10, 20 and 
30 feet with additional instruments at 3* 5t 17» && feet. Eig- 
ure ^.4 Includes typical acceleration recorde at several distance*. 
Figure 5*3 shows the variation of ground accelerations with depth in the 

ground* 

Test results in general follow a very complex pattern. Ground ac¬ 

celerations originate from the following sources: 

a. Acceleration produced by ground phenomena propagated directly 
from the point of detonation to the point in question (called primary 
acceleration) • 

b* Accelerations produced by ground phenomenon reflected and r^ 

fracted from underlying rock strata (called secondary acceleration). 

e* Acceleration Induced in the ground by the passage of the air 

blast wave directly above the Instrument (called primazy air blast in¬ 

duced acceleration). 

&* Acceleration in the ground produced by the air blast wave by 

its passage over the ground at positions other than directly above the 

instrument (called secondary air blast induced acceleration). 

The air blast induced effects and ths earth effoots may be separated 

with some degree of certainty. The arrival time of the air blast wave 

agrees veil with the time of maximum ground acceleration; therefore, it 

aay be concluded that the maximum ground acceleration was produced by 

the primary air blast induced acceleration. 

The acceleration time curves are very complex, and are made up of 

many transient pulsee and high frequency components. The air blast ac¬ 

celeration frequency varied between 20 and 50 cycle» per second for both 
■bote. The primary and secondary acceleration frequency vas predomi¬ 

nantly in the range of 10 to l4 cycles for ths surface shot and in the 
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rang« of 3 to 6 cycles for the underground ehot. Compnrlnon of the ac¬ 
celeration durations between the JAÎJfrLE tests and the Dogway dry clay 
teste indicate a considerable difference, the Nevada durations being 
far lost for identical H3 teats. The pronounced variation of accelera¬ 
tion duration -with soil type indicates that earth motion danago cri¬ 
teria would be affected much more by soil type than a consiieratioa of 
peak acceleration amplitudes alone would indicate. 

The surface shot was the more effective in producing high peak val¬ 
ues of ground acceleration due to the contribution of air blast. This 
primary air blast induced acceleration consisted of a single pulse of 
very short duration and thus carried little impulse as compared tc the 
longer period primary and secondary accelerations which were composed 
of many cycles. When comparing these latter accelerations, the undoi^- 
ground shot was more effective since it produced accelerations with 
frequencies two or three times lower and magnitudes two or three tinea 
larger than the surface shot. 

5.5 GROUND PRS5SURES 

Free ground pressure neasuremento were made in & pattern similar 
to that for the ground accelerations. Pressures were measured at the 
bottom of a fluid column by gages designed to respond to transient hy¬ 
drostatic pressures. In addition, the ground pressures applied to the 
buried test structures were measured by means of presrure cells flush- 
mounted in the exterior building surfaces. 

The free ground pressure measurements appear sensitive to a number 
of parameters other than size of charge, distance from charge, depth of ) 
gags and soil type. Those include air blast effect transmitted through 
the ground and through the fluid column, height of the fluid colvann over 
the gage, inertia of the fluid column, and matching or acoustic imped¬ 
ance between the earth and the fluid. More important, the hydrostatic 
pressures measured are scalar quantities although ground pressure is a 
rector quantity which varies quite markedly with direction of applica¬ 
tion. Local InhoQogeneties in the soil and occlusions of air cause a 
spread In test data which further obscures the basic trends. 

As a result of the variations which were introduced by various 
parameters as indicated above, there is Insufficient data to conclude 
very euch about free ground preacures. No rational pattern has been 
developed to explain the experimental results; therefore, no extrapolai- 
tlon to operational weapons con be made. No consistent correspondence 
was found between free ground pressures and ground accelerations nor be* 
tween free ground pressures and the pressures measured on burled struc¬ 
tures. The free ground pressures which have been measured cannot, at 
prof ent, be put to any use. The chief advantage of retaining the con¬ 
cept of soil pressure is that this is the origin of the propagated 
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effects 

Ground pressures on the 'burled test structures were neasured In 
order to determine structural loading, and it is belloved that those 
measure-aents gave a true indication of the loads applied. lor ranges 
fron 500 to 1000 feet, tho significant pressure loadings on buried, 
§trucvurea wore due to air Induced ground pressures. Appreciable peak 
pressuros and iapulses were observed up to 15-foot depths, the liait of 
observations, Betwcan 250 and 500 feet it has not been possible to 
separate air—induced and direct—transmitted ground pressures but the 
magnitudes and durations of the observed pulses are such, that they could 
be attributed to air-induced effects. A systematic analysis of pres¬ 
sures, ae well as accelerations, measured on the test structures is be¬ 
ing made as part of the attempt to develop a correlated picture of 
structural loading by ground shock. This analysis has not progressed 
sufficiently to allow comment at this time. 

It is not possible at this time to translate the results observed 
in llevada soil to results in other types of soil. An equally serious 
matter is the lack of test information regarding the proseure relief 
which cay occur when large deflections are obtained in the structures. 
This last factor was not observed in the present tests since the teat 
structures were not loaded Into the zone of plastic deformation as had 
been planned. 

5.6 PSRMAUZnT DISPLACEMENTS 

Permanent displacements, horizontal and vertical, were measured 
around both zero points. Surveys before and after the shots were made 
on the location of monumonts set flush with the earth surface. It is 
estimated that the probable error for the horizontal measurements was i 
0.02 feet for each survey with the probable error for vertical control 
about ± 0.01 feet. Two types of monuments were used« One consisted of 
ordinary concrete poured into 6-inch diameter holes } feet deep. The 
other type was made of a saudust—sand-portland cement mixture which had 
a density of 100 pounds per cubic foot, so as to be about the same den¬ 
sity as the surrounding earth. The latter were 6 inches in diameter 
and 18 inchec deep. The light monuments duplicated the heavier 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 underground zero and from 225 to 800 feet about the 
surface zero. 

In the post-shot surveys, no assymetry was found between the south¬ 
erly (along the major blast lines), the easterly, and the westerly lines 
of monuments (along the minor blast lines). Therefore, the poet-shot 
readings were omitted along the other radial lines. Ho variation in 
displacomentr could be noted between the heavy and the light monuments. 
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It has * eon asexmed that the monumonts gave a true Indication of renaa- 
nent dlapl^eaonts of the ground surface and that displacaconta wo-e 
symetrical about each zero. 

rigurea 5.6 and 5.7 show the obaenred horizontal and vertical iia- 
placocar.ta out to a range cf 50O feet around the underground zero. It 
will be noted that this extends well past the point whore observed nove- 
zenta are distinguishable from the probable error of the measurements. 

?croaneat horizontal displaceaenta wore all radiallv outward froi 
zero. They varied in mgnitudo from l.S feat at the 217-'oot -anre 

a- about ^-foot range. Permanent ver¬ 
tical displaceaenta were about one-eighth of the horizontal at respec- 

!^a .°7 rre Up^rd inslde 0f ^00 feet downward between 
3i>0 and 500 foot. It would appear that movements upward due to gross 
displacement of earth near the crater overshadowed a alight subsidence 
due to some minor consolidation of the soil. As the clos*-in effect 
disappeared, the subsidence became apparent at intermediate ranges. 

♦V ®ltraPolatioQ of observed ground surface displacements to 
the edge of the underground crater vnuld indicate that about J feet of 
horizontal and i foot of vertical displacement occurred, there wee no 
apparent shattering of the natural soil structure on the face of the 
crater, ^yeled surfaces from loose sand and gravel and steeper faces 
from the be.tor consolidated caliche lenses wore clearly differentiated. 

No permanent displacements wore noted around the surface zero at the 
inner limit of observations II5 feet from zero. The same apparent in- 

tî5riî7v0f nataral 8011 structure at the crater face was noted. It 
should be noted that these observed displacements were far less than 
wouli oe expected from scaled reeulte of the EE tests at the Dagway 
Proving Ground 10/. ^ ^ 
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CHAPTER 6 

E7rac:s os stbuctuiijs 

6.1 GENERAL 

Teat Btructurea were located aro aid the undorgrouod zero in ordor 
to observe the damaging effects of ground shock and air blast and to 
study structural response to ispulnive loading. A list of the teat 
projects and a layout plan for the test structures is Included in 
Appendix X. Measureaente were made of the applied loadings, of structur¬ 
al action under these loadings, and of the permanent effects on the test 
structurea. In general, the observed effects on structures agree well 
with the responses calculated from the observed loadings. Confidence in 
the methods of calculation ie increased accordingly. However, the buried 
structurea were not sufficiently loaded to give deflections into the 
plastic range and as a result there are still some questionable factors 
for a determination of their ultimate resistance. Moro severe handicaps 
exist in extrapolating the effects of the 1.2 XT bomb detonated In dry, 
sandy soil in ordor to evaluate operational weapons detonated in other 
soils. Such extrapolations require the use of scaling lavs along with 
soil coupling and attenuation factors developed from H£ experiments, 
which failed to predict the resulte observed in these nuclear testn, 
particularly with respect v> time scaling. 

A considerable number of the test structures are not directly 
representative of standard building types but are targets designed for 
the sîudy of some particular phase of the complete loadirg-reaponse 
pattem. Inferences as to the effect of the test weapon on normal 
structures cannot be baaud directly on the observed effects on the test 
structures but must also take account of their relative resistance com¬ 
pared to normal construction. 

6.2 SUHJACS STECTCTUEES 

All of the surface structures received the major portion cf their 
loading from air blast and in no case was the effect of ground acceler¬ 
ation important. This was true for the Idealized targets (bare columns 
supporting massive slabs at rangos from 4^0 to 873 feet) and for the 
building roplicas (reinforced concrete frames with brick curtain walls 
at 900 feet and brick chimneys at 730 and 1030 feet). In the case of 
the idealized targets, the Importance of air blast had been realized and 
an effort sade to reduce its effect by streamlining and by presenting as 
•aall an area as possible to the blest. Considerable Interest has been 
shown in the high peak values of ground acceleration induced by air blast. 
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Hovover, it it now apparent that ground acceleration is of negligible 
importance in determining the extent of structural dnraga0 In the event 

that greater scaled depths of detonation or other factore should so re¬ 
duce the relative magnitude of air blast as to make any ground acceler¬ 
ation cignifleant in determining structural damage, It is clear that the 
air blast induced acceleration will have been similarly reduced in rela¬ 
tive magnitude and the primary and secondary accelerations Kould dominate 
the picture. This pattern of relative effectiveness in reinforced if 
consideration is given to the extremely short periods of the air induced 
acceleration pulses as compared to those directly transmitted, 

6.3 Fjp.izr stejctupjss 

The burled test structures wore loaded primarily by ground pressures. 
1» was noted in Paragraph 5.5» the significant pressures are attributed 
to air-blast-induced effects for all but the region Immediately surround¬ 
ing the crater. Although other field conditions might materially niter 
this picture, the ground pressure pulse which resulted from the air blast 
had the same relatively slow rise time and long duration as pulses trans¬ 
mitted directly through the earth. Aa a result, the method of trons- 
miaeion of the ground shock has not been an important factor in the 
analysis of completely buried structures. Unfortunately, buried cslls 
which were designed to indicate the effect of structural resilience on 
applied pressure were open at the top and thus received a heavy air 
pressure loading on the inside at the same time the heavy ground pressure 
pulse arrived at the outside. Major uncertainties are thus introduced 
into the results of those tests. The problem of effect on the loading 
resulting from the motion of the structure or its elements has not been 
resolved. Such motion has the effect of changing the applied pressure. 
The degree of change depends upon the relative velocities, at cny in¬ 
stant, of the eoil particles and the portion of the structure adjacent 
thereto. This test has given no results fron which an estimate of what 
this effect would bet for larger deflections, such as would occur with 
plastic deformation. 

The foregoing discussion of effects on buried construction is con¬ 
cerned solely with the structural shell and not with its contents. It 
is possible that ground acceleration would be important in determining 
the damage to relatively fragile contents of a structure strong enough 
to resist the associated ground pressures. 

The limited range of pormanent ground displacements noted in 
Paragraph 3.6 correlates with the lack of damage to structures which 
would be damaged primarily by displacement* At the underground site 
these included lU-inch and lZ-lnch reinforced concrete pavement slabs 
at 500 feet from ground zero, a continuous 6-inch cast iron water line 
running from 6OO to 1800 feet, 50-foot sections of 15-inch plain concrete 
pipe covering the same ranges and 6-lnch and 12-ltch reinforced concrete 
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paTCBo^t alaba at 1200 foot. Ko evidence of damage or noveaeat was 
obaerred for anj of these atrvictures. 

6.4 SHAJTS 

Yertlc*! bhAfta, nade up of nine ¡j-foot sectiona of 6-liich pipe, 
were located at various rangea and with several oricntationa about both 
ground zero a to neaaure variation of permanent diaplaceaents aa a func¬ 
tion of deptlu Table 6.1 ahows the observed displaocaents for those 
shafts around the underground zero. In all cases, the dieplaceueat was 
restrictod to the top section, 

ÏJLE1JG 6.1 

Penanent Bisplacoacat of Vertical Shafts 
Around Underground Zero 

Horizontal Displacements are radially out except as noted. 

The displacenonts noted wero erratic when compared to the ground 
■urfaco oovcaer.ts at corresponding ranges. The reasons for this are not 
clear but it may be duo in part to poor consolidation of the backfill 
between the pipes and the sides of the drill holes. Another possible 
cause for discrepancies along the line is d&cage by heavy vehicles which 
operated in this area between the pro- and post-shot ncasureaeats. 
Sioilar shafts placed in the s&ae pattern around tho surface zero showed 
no permanent displacenents. 

6.5 EBIHPORCSD COHCRHTB BOX 

A massive reinforced concrete box (¿51 A 25' X 17' high with 5' 
thick reinforced concrete front and rear wsdls) was undaaaged and was 
found to have permanent displacement of two or three hundreths of a 
foot. The box was located 23S feet from the underground zero In a region 
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where atout 0,9 feet horizontal and 0*1 feet vertical Eovenen-; vae 
observed in the ground surface. The tv/p of the box was g feet below 
nonaal ground surface, Oteurvations on the vertical shafts» described 
in the proviens section, indicate that permanent ground displaconerts 
were eisentially surface phenomena. There is no indication that the 
structure did not aove with the earth innediately surrounding it, al¬ 
though the structure's observed permanent displacement weus nrarh less 
than that of the permanent displacement monuments set in the ground 
surface at this range. 

6.6 MISSILES 

Sections of reinforced concrete highway strips and vortical walls 
were placed near the underground atonic burst to provide source material 
to evaluate the damage potential of missiles produced by underground 

nuclear explosions. It was shown that little or no military significance 
should be attached to missiles since high missile density does not extend 
beyond the area of major damage by air blast. ▲ very low doneity of 
missiles was found between 1500 feet and )000 feet from ground zero. 
These missiles were originally between 30 and 50 feet from ground zoro. 
Major damage might have accrued in the range 1*00 feet to I5OO feet from 
missiles originating 50 to 85 feet from ground zero. 

Scaling of missile effect to an operational size weapon detonated 
under a continuous reinforced concrete runway 18 inches thick r«veals 
that damage by the mechanism of air blast will extend further by a factor 
of 2 than damage 'ty the mechanism of missiles. 

6.7 SUMMARY 

Air blast was the significant effect causing damage to surface 
structures for the 1.2 ET weapon detonated at this shallow depth. It 
should be noted that the effect of air blast increases in proportion 
to ground acceleration as the size of the weapon increases. 

forth pressure induced by the passing air blast, rather then pres¬ 
sura 'irons mit ted directly through the earth, was the significant effect 
in determining the maximum loading of shallow buried structures even at 
relatively short ranges. The region where directly transmitted earth 
shock vas of sufficient strength to damage light underground etructures 
appears to have been limited to an area with a diameter not greater 
than twice that of the crater. 

The effects on the Dogvry box and on the soil at the crater surface 
indicate that very heavy structures would have to be within the crater 
itself to suffer major damage. 

5* 



CHAPTER 7 

TEH?MAI RADIATION 

7.1 THERMAL RADIATION VS DISTANCE 

ricura 7.1 shows a conparison of the ohserred values of then'Ai 
radiation at aevercl dlstanco* with the theoretical variation to 
expected in extrenel^ clear air. Tha curve It adjusted in najnitudo to 
fit the data and the ¿cope ie deterained hy theoretical relations hipe. 

7.2 SPECTRUM OF THERMAL KADIATIOH - SURFACE DETOHAIIOH 

The gpectrua of the thormal radiation from the tuiface detonation 
differed froa that ohaerved in an air hurst in that the major portion of 
the energy ie in tho infrared rather than the vitihle region. The oh- 
• erred spectral dietrihution at 6000 feet froa the hurst is shorn in 
Table 7.1. Theraal radiation effects were alnost oor.pletely ahsoat in 
the case of the underground detonation. 

TABLE 7.1 

Spectral Dietrihution of Thermal Energy 
at 6000 feet froa the Surface Shot 

Vave Length Total Thermal Energy 
0 

Los» than 3500 k 

3500 - 6500 A 

6500 - 28,500 À 

0.0264 oal/ea2 

0.0288 cal/ca2 

0.211 cal/cn2 
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CEAi lEä 8 

RADIOLOGICAL ïlïTXCfS 

8.1 GENERAL 

The JANGLS testa d rans trete d that surface end underground doto- 

nationa of atonic weapons are characterized Ly arena of high residual 

contamination. The reuiloactive dehria from auch detonations le adnixed 

with consldorahle earth material and forma low clouds with a la-ge 

proportion of the active materiale associated with large particLos. Eae 

iall-cut from the resulting radioactive clouds it largely governed hy 

the size distrihution of the particles and the wind. Tor the JANGLE 

surface detonation the average wind velocity was about three times that 

for the underground detonation, based on time of arrival considerations. 

This resulted in a much longer and narrower downwind streak of contami¬ 

nation for the surface detonation. 

8.2 GAMMA RADIATION DOSS RATE VS TIKE 

Scintillation counter dose rato versus tine data wore collected for 
the period fron one—tenth second after detonation up to as long ns plus 
48 hours for both JANGLE shots. Stations wore located along six radial 

lines extending iron 2000 feet cut to ÉQOQ feet upwind and crosavind and 
as much as 14,000 feot dowr.wind (eee Appendix D). 

These scintillation dose-rate measuroaenta were augmented by monitor 
survey readings with more extensive area coverage (Projects 2,1a and 
2.1d). In addition doie-rate versus time data with millisecond tino 
resolution were obtained for BUSTSR air bursts at two stations and the 
JANGLE underground shot at one station (LASL BUSTIR/JANOLE Report 10.6). 
These latter neasuromenta allow correction of the integrated scintilla¬ 
tion counter data for the contribution in the first tenth of a second. 

rigures 8.1 through 8.4 show dose rats versus time and integrated 
dose versus tine records for ono upwind one downwind lino of stations 
for each of the JANGLS detonations. 

Contours of gamna radiation dose rate at one hour after dotonation 
appear in Figure 8.3 for the 1.2 ET surface shot and In Figure 8.6 for 
the 1.2 ET underground shot. These contours are based on scintillation 
counter rate measurements, considered reliable to within 23 per cont, 
augmented with monitor survey data which shoved reasonable correlation 
with the scintillation data. 
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qnlte reasonably to doe carato readings except during tha period vhaa tho 
noptnaltin contrl'butloa vao hijUi relatiTO to total flsoion proiact activi¬ 
ty* The aoptuai’n contrfbution v?.s elgalfleant for both dctor.itlono for 
the period fron U3 ho uro to tvo voeka after dotonntion with, a raxl^ua 
effect at about plua five days. The noraal decay law shoul.4 bo applied 
with caution when corrcctin.7 conitor data bade to tvo fcouro or oarlior 
becauno of tino of arrival considerations* 

8*3 TOTAL GAMMA 5/JIAIIOn D0SJÎ USASUBgCJTS 

Total gama radiation dosage data are available fron tho integration 
of scintillation counter dose-rate data and froa garaa radiation done 
fila ncaaureaente employing the national Bareau of Standards typo fila 
do sino ter and holder* The fila n casar <£3 ont s were taken 3 feet above tho 
ground over a broad pattern extending out to 10 ailoa downwind* This 
coverage was auguented by fila neaaureaents for calibration end oorrela- 
tion purposes at all particle eanpling etations, anipai locations, and 
in foxholes at several distances. 

The gaaaa radiation do2ago resolved in the firct 10 seconds versus 
radial range fron ground soro is coepared for 1*2 XT air, surface and 
underground bunts in figure 8*7* The 10—second dosage for tho under¬ 
ground and eurfaco dotonntiono ie based on integrated scintillation count¬ 
er data corrected for tho contribution during tho first onc-tonth of a 
second* In the first tenth of a second for the underground shot tho doss 
ie about 10 por cent of the total resolved in the first second, while for 
the surface burnt it is probably very nearly that for air buretk or about 
JO per cont of she total for tho first second (LASL BUST^B/JAEOLB Hcport 
10.6). 

Genoa radiation dosage contours are pres on ted in figures 3*8 end 
8*9 for the emulative dosage in the fires 10 ulnutcs and in figurea 
8*10 and 8*11 for the first hour* These curves were obtained by the 
integration of scintillation counter dose rate data, angaentod by ganra 
fila and conitor data (Project 2.1¾). 

8.4 RADIOLOGICAL IMPORTAHC3 Of BAS3 SUR03 

The JASGLB underground shot produced a United base surge wMch ex¬ 
tended radially upwind about 17OO feet and cross wind as stach as 2200 
feet* The radiological importance of this aarglnal base surge it subject 
to question* Evidence that the contribution of the JATGLB bane surge to 
reeidnal contaninatlon is minor is given in the report of Project 2,0* 
However, the tost results were not sufficiently conclusive to discount 
tho importance of the base surge without further evaluation* 

At scalier scaled depths no base surge fore&tion is to be expected. 
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At greater scaled depths lhe hase surge should Increase In Importance as 
an agent for the distribution of contamination. The dictribution of 
contamination for greater scaled depth* has not beon studied but indica¬ 
tion* are that mixing and distribution will not be uniform and that a 
largor portion of the actiritjr will be deposited near the crater. 

S.5 GAMMA S5Z3GY jgASOggjggTS 

The effective energy of the gamma radiation in the residual 
contamination field was investigated by use of sote of energy dependent 
ion chanbors (Project 2.4a). In addition the degraded field spectrum 
vas measured at a nunber of location* and tinos of low field intensity 
by means of a scintillation counter gamma ray spectrometer. Because of 
technical difficulties, the scintillation spectrometer ncaoureaents pro¬ 
vided results only for the underground shot and did not provide data 
on the energy distribution above about Ê00 leer. The results of the&s 
experiments ar* consistent. They Indicate a low effective gamma ray 
energy vith a very high contribution of soft radiation. The principal 
resulte are as follows! 

a. The effective energy values from the ion chamber measurements 
varied from 84 to l4o kev for the surface detonation and from 11} to 
144 kev for the underground detonation. These rcaults apply only to 
points of relatively low gemma field intensity for periods aftor the 
first several hours. 

b* In general the effective energy value decreased with distance 
from the crator and decreased with time ovor the first several ¿aye* 
The decrease with distance is attributable to a larger proportiorate 
contribution of scattered radiation at the zxre distant points where the 
concentration of local contamination is lov^r. The dearcase with time 
may be in part attributable to the growth of neptunium contribution 
(see Paragraph 8.8)* 

riguro 8.12 givee the energy distribution of the degraded gamma 
radiation at two points of low field intensity for the underground shot* 
The location of stations indicated on the figure are identified in 
Figure D.2* The high proportion of soft radiation is significant since 
there is a wide divergence in the energy responso of noet radiation 
□ensuring instruments for these low energies* 

8*6 sriA easuiion itasubx:ctts 

Beta film measurements wore carried out to determine the bete-ray 
energies end the ratio of bota to gomesr-rey ionisation resulting from 
the residual contamination following underground and eurface atonic 
detonations (Project 2,4a), The principal results of these mcacuro- 
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rig* 8*12 Cfcn=a 71 ax ra En orgy, Lov and Intoracdlata Tnorgy Eojion*, 
ïïndorgrouad Shot 

mento ar* «rnzrariscd ca follovnt 

m* The equivalent naxLrun enerar of tota rcyo of roaldnnl con¬ 
tamination resulting fron the b turf eco dotonntlon vaa 1*7 Mor or lea» 
avereged over a period of 24 Lours following the do toration. 

t* The equivalent saxima energy of tota rays of residual con— 
taalnation resulting from the underground detonation vaa 2*0 Kov or leas 
averaged ovor a period of JO hours following the detonation* 

e* Batios of teta to gemoa ionisation as measured by photographic 
film packets ranged from 2 to 100 depending upon the location of the 
packets with reference to the residual contamination area* The highest 



figure vas obtained at a distance of 1.5 lacha* above the coat an! reatad 
eurface. The rapid docroaae la the bota-gaana ionisation ratio a* the 
distance i* increased indicates that clothing till afford substantial 
protection and that beta radiation is a potential hazard onlj for con- 
taaination in direct contact with the skin. 

g.7 PÍ3TICL3 SrODIZS 

Tall-out and near ground duct clouds tore sampled oxtunnlroly with 

a variety of collectors over a broad pattern extending dovavind a 
distance of 10 nilca. Scattered neao urea cuts of fal?.-out and dxuit 
concentrations roro nado at greater distances. The3e collections vor* 

exnrined to doternine particle size distribution as a function of dis¬ 
tance, the size rnd activity dictribution of radioactive particles, and 
the concentration of radioactive particles in dust clouds, Buaerous 
studies were carried out to doterrlne the physical and chcricol nature 
of individual radioactive particlea, 

Toluninnun data have been coriplled and are presented in the re¬ 
port* of Projects 2.5C-.1, 2.5a-2, and 2.5^3, These data are at present 
in an inccuplote state of correlation and evaluation, Thore ore nuaer— 
our inconsistencies In the data that recuit from the lioitatione of the 
collection instruncnts and of the tcshniiiues employed in the anrdysii of 
size distributions for the vide range of particle sizes involved, Xn 
addition thero arc Inoufficient data to establish tho rate of fall-out 
with tice and the por cent of total radioactivity that vas carried by 
the sillier eize fraction* vhich largely remind airborne, Theae 
factors, together with the evidence of very inconplete nixing of radio¬ 
active and inert debris, seriously limit the reliable detamiration of 
the gross size distribution of the radioactive particulates, 

g.7.1 Principal Beoulta and Conclusions from Particle Studies 

The specific activity of fall-cut fres» both J1S0LI deto¬ 
nations increased with distance downwind, testifying to the inconplete 
nixing of redioactive products with groes crater debris and indicating 
accoclatlon of active natoriel with the upper cloud. Although the 
specific activity increased with diatanco, the total activity at a given 
ctation decreased with distance, 

Tho bulk of tho activity of tho fall-out raterial in areas 

of significant reaidual contanination resulting from tho surface shot 
vas accociatci vith large particles, Tor the underground that a sub¬ 
stantial portion of tho activity was associated vith particles under 
75 nierons. The frnction of total activity carried by particles In the 
s nailer size range increased vith radial dis tance within the bene surge 
area and increoncd Lore slowly in the dovavind direction heyoad the 
Eurgo licit. The per cent of total etatioa activity ecsociated vith 
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partición ind'jr 75 nieror^ Aiaacter at stationo alón» tha dovnvind line 
it preaenteí. in Figures E,l} aní 3.14. 

Th» per cant of total activity carried in each of three 
arbitrary elzs ranges, averaged ovor 10 fall-out collections rade with¬ 
in 3 nilrso dovnvlnd of the point of detonation, la presented in Table 3,2* 

TÜDUO 3.2 

Activity ra Particle Size 
Downwind 

Size of 
fraction 

(n) 

Surface Shot 
Por coat of Total 
Pall-out Activity 

Underground Shot 
Per cont of Total 
Jell-out Activity 

0-2 

2-20 

> 20 

0-1 

0-6 

93-100 

0.5 - 1 

2-5 

94-96 

Studies of tine of arriTul of f&ll'out indicato that tho 
henry initial fall-out at tho core distant stations oren for tho under¬ 
ground detonation originates froa material carried in tho higher levels 
of greater wind speed with subséquent lighter depositions of material 
carried by the lower winds. 

The highest sampled concentrations of radioaotlre materials 
in the near ground dust clouds appear to bo about 10"3 and 10"*1 alero- 
ourles of beta activity per cubic oentiaeter of air for the surface and 
underground detonations respectively. These ooneentrâtions were measur¬ 
ed at downwind distances of about 2000 to 4000 foot, Tho concentrations 
foil off rapidly crosswind and at greater Ais tañeos downwind. Tho values 
of concentrations given above apply to an osposure avereged over the 
appro siento period fron arrival to departure of the cloud and with tho 
beta activity corrected to the averrgo time of exposure. Thus for tho 
underground shot, the concentration of 10"^ mlcrocuries per cubic centl- 
■eter is an average for 10 minutes exposure with the beta activity 
corrected to about 8 ni nutob after detonation. 

It is of interest to noto that inhalation by an Inals located 
in areas receiving the highest dust concentrations froa tho underground 
shot did not result in retention of physiologically significant amounts 
of activity. Seo Paragraph 8,9, The fraction of tho total activity 
carried by particlee in siso range of 0,9 to 8 nierons diameter, while 
not well establiehed by the data, was certainly low. The particles in 
this sise range are considered to determina tho inhalation hazard. 
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Fig, 8,13 Per Coat of Total Station Actiritj- Found in Particles of Lost 

Than 75 Micron« Diameter Distance Dov.nvlnd, Surface Shot 

Fig, 8,l4 Per Cent of Total Station Actlrity Found in Particlee of Less 
Than 75 Microns Dianeter ts Distance Dotnvind, Undercround Shot 
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g.S HAT UM 0? RTS I ru AL CO KTA.1 ti HAT 105 

Radioeke*ilcal analyaca ar 1 daeaj and atsorp^ion noaenreaeat-T vere 
made for a wlla variety of sarploa of residual contaalnutloa. Core 
■aoplca fron the crater lipe wore taken to deteroine the depth diotri- 
hution of radioactive Œateriale. Surfaco eanpleo frota tho crater lips 
and fall-cut aarplcB wore eza;ained to asacãE varlationo in the relative 
abundance of fioaion producta and in the occorrenco of neutron induced 
activitioa with die tance. The rare aisnifleant results of these studies 
are the following: 

a. Heptuniuo-239 vas found to he the only isotope other tKm fio- 
sion products that contributed significantly to residual contoninatioa. 
During the period between I5 and 3OO hours the beta activity of noptu- 
niua was greater than that of the fission products. At the tine of its 
highest relative contribution, about five day8 after detonation, the 
neptuniun activity was about three times the total fission product 
activity. Since the neptuniun is produced by neutron capturej 

. ^core urrniur—238, the ratio of neptuniun to total fission products- 
it detemined by the ratio of uranito-238 captures to total fissions 
and will vary for different weapons, A negligible oro ant of neptuniun'. 

.relative to total fission products will result fron the datonation of a 
^_j weapon, 

b. The total contribution of neutron induced activity in the soil 
material was found to be no core than a few per cent of the total fiosion. 
product activity. The amount of neutron induced soil activity relative 
to fission product activity is highest at the crater lips, Xt cay bo 
appreciable in this location during the first day or two due to the 
contribution from sodiun-24, potaosiun-42 and manganeae-56, Hcutron 
induced soil activity should be email for surface and subsurface deto¬ 
nations in most soils for all weapons except those in which the ratio of 
escape neutrons to total fisc ions is markedly increased over the ratio 
for the JAKULE weapon, 

o. The beta and gamca radiation decay rates for both JA3GL13 deto¬ 
nations show departure fion the normal fission product decay rato, 
particularly during the first tvo weeks when the neptunium contribution 
is significant. The beta activity of soil samples fron the surface 
burst can be represented by an equation describing only the decay of fis¬ 
sion products and neptunium (see Figure 3,19)• Ths same representation 
did not give good agreement with the observed decay for tho underground 
shot samples, indicating perhaps a larger contribution of induced eoll 
activities, sore extensive fractionation of fiosion products, or both, 

d. Most of the radioactivity at the crater lips for both craters 
was concentrated on the surface with a rapid fall off of specific ac¬ 
tivity with depth. At a depth of one inch the activity was less than 
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fire per cent of the «urípee activity and eone of the oribcurface activity 
may he due to unavoidahlo contenination ariBin^ fron the nothod of core 
easpllng. 
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•• Tiis dejToo of fractionation of filiion products fron tha JAliGLS 
dotonationo vas shovn to be quite great and dependent on tho placo and 
netliod of sanpling. Strontiu>-69 vhose relative corcen- 
iration increased vivh distance and vith tiue of collection, vore feund 
to fractionate isore than othor fisalon products, 

f, Zxpericsnts on etffect of veathorirg and leaching of residual 
contamination on the ground with water, dotergonta, and chard cal pgents 
indicated, very little transport of conteulnation by ouch methods, 

g.9 INHALATION STUDIES 

Dogs and sheep were exposed on the ground surfaco and in foxhole? 
at distances of 250O to 6000 feet in the predicted downwind direction 
fron each shot. The purpose of the exposure was to allow the enscasaent 
of hazards due to Inhalation of radioactive dusts associated with these 
detonations and to compare internal and external radiation dosegoe. 

The animals exposed during the underground detonation overlapped 
the center of concentration of downwind dusts and fall-out in the range 
of exposure distances. Those exposed during the surfaco detonation vero 
crosswind with a consequently low exposure of active materials, 

Xxposed animale were sacrificed in groups on a time schedule fron 
K + 10 hours to D + 70 days. Lung tissue, soft tissues, bons, urino, and 
gut contents were ashed and assayed for radioactivity, Radi pantographs 
•f tissue sections vero cade. 

Total body activity for aninala exposed in the underground tost 
ranged fron 2 to 3I alero curl es corrected to tine of eaorlfleo, Jor lung 
tissue, integrated dosage due to beta emission ranged between 0,2 and 
9,0 rep. Radioautographs of lung tissues indicated the presence of a 
faw alpha emitting particles. Bone analyses ind5.catod some uptoho ef 
Bal1« .¿a ar90# 

The amounts of activity tahen up by the combined action of inhala¬ 
tion eud irgection are not considered to bo physiologically significant 
even for animale receiving cumulative external gnr-ia radiation daccgcs 
up to several thousand roentgenc. 

Consideration of increases in concentration end exposure period for 
larger detonations undor conditions comparable to the JÂLGL3 tests in¬ 
dicates total radioactivity uptake should Inorcase approximately as tho 
eube root of the yield vlth little chango in tho relative internal to 
external doeago ratio*. 

It is clear that no inhalation hasard of military significance 
independent of an external hazard of more serious consequence exists 
for personnel in the open or evo for those with moderate shielding in 



▼chicles or foxholes 

The internai dose* independent of the external gasma radiation 
hazard, appears to he Insufficient to produce tissue daesge orar a short 
period of tine, Hovover, the possibility of long tern biological effecte 
due to inhalation ie not ruled out although there ie no positive evidence 
that such long tore hasarda exist. 

These conclusions should be applied with caution to conditions varyw 
ing widely from those of tho JAL'GLS teste since concentrations of active 
particles in the size range of 0.5 to 8 nierons, which detornine the 
Inhalation problen, nay be altered considerably for other coils, depths 
of detonation, and notcorological conditions, 

8.10 QAKMA 2HPCS-D0SS RZ/jrJHXMINTS 

Gemma radiation depth-dose measurement* in approximately unit density 
material were made at position» upwind of both the surface and underground 
points of detonation, using the tame technique* employed at the G3£^B0US1 
and HJSTIR tests (Project 2.4b). 

The resulte apply only to initial garnira radiation independent of 
appreciable contribution from residual contamination« They indicate no 
significant difference in the variation of initial radiation doee 
with depth for the JAEGL3 detonations from that for air bürste* 

8.n P35Hflja 

Senate—controlled wcaaols ware successfully employed far early sam¬ 
pling of particulate raterials in areas of high terra radiation intoacity. 
In addition tho uao ef retrievable niss 11 ex far such sampling was tented 
with eucoccs. / ^ 

The us* of rerote-controlled vehicles has the advantage of range of 
operation. Further* such vehicle* can be equipped for core sampling And 
a variety of other nechaxdoal function*. The exporiance gained in the 
techniques of rerote control* including the television conitorirg eystea 
that was successfully employed in this test* should contribute to the 
application of these techniques in other fields of interest. 

VTithir thoir United rango, the us* of retrievable niesilea is 
indicated as a for nore economice! method for the remote collection of 
curíaos scr.ples. It should be no problem to ccalo up the missile sisa 
for appreciable increase in rango. Larger micelles of this type should 
be adequate to meot most requirements for remoto surf eco sampling in 
connection with further atonic tests. 
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CHAP Till 9 

TISTS OP S2P.YICH EQUIPMENT A!7D OPEHAIIOL'3 

9.1 IITTPORJC-riOH 

At Oporatlon JA2ÎGL5 the field sultahlllty of cqulpneat end tcoh- 
niquea developed to silnlnlze tue restrictions and hazards aoeociated vith 
widespread residual radioactive contaaination was evaluated. Oporatlon 
JAHOLE was the second operation during which, atonic bonhs wore doto- 
nated ln such a way as to produce areas of high intensity radioactive 
contanlnatlon sufficiently large to he of significance to nllitary 
operations. 

The first such detonation was Bikini Baker where ships and equip¬ 
ment suffered serious mechanical danage in an area of only three quarters 
of a square idle while ships well beyond this area« particularly in a 
downwind direction, incurred extensire residual radioactive contaaination. 
As a result of Bikini Baker considerable nilitary research and dovelop- 
men t effort was devoted to providing techniques and equipment tc allevi¬ 
ate residual radioactive contamination hazards. This effort led to the 
development of radiac equipment built to military specifications, develop¬ 
ment of radioactive decontamination procedures, and the application of 
individual and collective protective equipment. These portions of the 
test program of Operation JABGLS which wers concerned with the field 
evaluation of these developments and with tests to determine capabilities 
of standard service equipment in areas of serious residual radioactive 
contamination are briefly summarized in this section. 

9.2 r7AlUATI05 Of MILITARY HABIAC EQUIPMENT 

Tour types of portable radiac eurvey instruments wore field tested 
by actual usego in area survey, health monitoring, and decontamination 
work. All instruments required considerable preparation and maintenance 
work and the majority were heavy and large. None of these instruaento 
were capable of indicating more than 50 r/hr although, even under the 
conservative tolerances specified for these teste. United operations 
wers conducted in areas of several hundred roentgens per hour intensity. 

Two types of portable radiac survey instruments (AS/PEH-18 and AS/ 
PIEU32) received limited infornative testing for engineering and tech¬ 
nical guidance. Ball an Set AX/PHR-32 was the most satisfactory of ell 
the ins trun eats from the standpoint of else, weight, and mardmua range 
(5OO r/hr), however, its ruggodness and reliability as a military eurvey 
instrument were not established. 
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A developmental rodei of an automatic unit for processing vot-type, 
radiation dosage film was operated and evaluated during these teats. 
The unit vas found to he unsatisfactory since it could not maintain 
uniform photographic development when operating for periods of time 
longer than 20 minutes. During this operation one man developed hy hand 
rore fila per hour than the automatic unit can process at its theoretical 
maxicum tpeed of bOO badges per hour. It was decided during this teat 
that the loading, developing, washing, and drying times wore not the cost 
significant factors in the overall rate of film handling and processing. 
The core time—consuming operations wore those involving the removal of 
the film fron the packets, reading tho fila on the donsitometer, record¬ 
ing of recuits end various other handling details. 

Laboratory models of portable air monitoring equipment, designed to 
dotonsine the air loading of radioactive particles, were operated in the 
contaminated area to determine feasibility of portable monitors and to 
obtain Information for future development. Paragraph 8,9 Indicates 
that radioactive airborne dust is not a hasard in military field opera¬ 
tions, 

9.3 ATUAL RADIOLO OI CAL SU5V3T TICEHIQTJSS 

Airborne radiac equipments (AX/AER-^» Type /-1, and AS/A32-1) have 
been developed by the Favy and Air Toroa for use in the rapid survey of 
areas of radioactive contamination on tho ground (Projects 2.1C-1 and 
2,10-2), Tho equipment vus designed, to measure the gamma doso-rate at 
altitude and introduces a correction for altitud« to determine ground 
iateneity. It was considered that this information, when correlated 
with the airplane's course, ground speed and a point of orientation, 
would permit the construction of dose-rata contour maps of th« ground 
contamination. 

Experience in tho JASOLE tests indicates that tho operational 
difficulties and evaluation problems involved la tha rapid aerial survey 
of contaminated areas, resulting froa surface and underground atonic 
detonations, lend doubt to the reliability of such techniques end to 
thoir utility in military operations, Tho principal difficulties In¬ 

volved are tho folio ringl 

a. Pockets of airborne debris recaia over areas of irregular ter¬ 
rain for considerable periods after the cloud has passed downwind, Thor« 
is no way of discriminating between airborne debris and ground contaci- 
sation, particularly cinco the distribution of airborne activity varies 
in concentration end extent with altitude, Tho presence of airborn« 
debris will result in ercossivoly high survey readings, 

b, Kaintaining reliable records of ground and cours« speoi for lou- 
Icvel flight over irregular terrain with a high epeei aircraft is « 
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Hfflcrolt pro "bica 

o. The Btcop gradient of radiation intonait/ vith diotaaoo 
frota ground soro for Burfaco and underground hurati reaults in high 
readings due to the contribution of highly ocattorod radiation. This 
rondara unreliable the oraluation of ground intenaltieB excopt for points 
of pea's intenoity. 

Another rapid radiological eurvoy of ground zero eini tha edja- 
cent highly contaminated ground area waa perfomod da lov—flying air» 
craft Inotruncntod with standard radiac aot AEyPCE—TIB and automatic 
recording eq-aipnont (Project 6.1). The location of ground zero and tho 
«rea of highest fall-out intensity wore approximately detomined by this 
■urrey. 

The surrey equipments are ueeful for the location of contasdnaW 
•d areas and establishing the extent of such areas. Howerer, it is sulv 
Ject to question that aerial eurvoy techniques can* in the face of the 
problema involved, provide doao-rate contour maps of ground contami¬ 
nation sufficiently Tollable and early to assist ground operations. It 
appears that the military application of these techniques should be 
carefully reviered. 

9.4 PBOECTIOK ACT DZCONTAMIFATION OP USD TARQ.^TS ACT 7131CLIS 

Operation JASOLE provided the first opportunity to field test pro¬ 
cedures for decontaainatlrg components of a typical land target complex. 
It also provided baeic information upon which the need for and the 
feasibility of decontaminating objects subjected to contamination by « 
surface or underground atomic bomb detonation may be evaluated. The 
results are largely Halted to conditions where the contamination is 
distributed in a dry state. Some of the data are at variance with 
Bikini Baker where the contamination was distributed in a wot state. 

It was found that only horizontal and near horizontal exposed 
surfaces retained contamination to a significant extent. Only gross 
changea in surface roughness woro found important to the retention of 
contamination, and these varo insignificant in comparison with tho effect 
of surface orientation. The results of the tests of decontamination pro— 
ecdurea are summarized in Table 9.1. 

It vas found feasible to reduce the general radiation intensity in 
« contaminated land target complex by a factor of 9 bo 10 by decontami¬ 
nation procedures using standard construction equipment. However, the 
effort required to accomplish this is so extensive that radioactive 
decay will compare favorably with decontamination in reducing radiation 
levels under most operational situations. 
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TABLE 9.1 

Decontamination Effectiveness 

Material or 
Object 

T. 

Open Ltini 

Asphalt 

Buildings 

Roof Panels 

Reduction 
Average (£) 

88 

90 

Vehicles 

Wood 

80 

90 

Painted Surface* 90 

80 

98 

Most Suithbl# 
Method 

Scraping plus po- 
ripheral plowing 

Sigh prcsBuxe 
hoeing 

High pressure 
hoeing 

High pressure hos¬ 
ing with detergent 

High pressure hos¬ 
ing with scrubbing 

Vacuuming inside, 
high pressure hos¬ 
ing with detergent 
outside 

Surface renoval 

Approximate Bate of 
Accompli ahnen t 

Scraping! £ acre/oquip, 
hr; plowing: 3 acres/ 
equip, hr 

1300 aq ft/cquip, hr 

1200 aq ft/equip, hr 

6OO aq ft/equip, hr 

1200 aq ft/equip, hr 

i hr for Ked, Taah 

1200 aq ft/equip, hr 

table 9.2 

Vehicle Shielding 

Vehicle Reduction (£)• 

Mi-24 Tank Inside 
li-24 Tank on Pendere 
K-26 Tank Inside 
K-26 Tank on Peadore 
TI8E1 Personnel Carrier 

Ton Truck 
3/4 Ton Truck 
$ Ton Truck 

90 
60 
95 
60 
90 
50 
70 
50 

These reductions do not apply at early times particularly in 
areas of highent gamma intensity, when the higher effective 
gema energies are envolved and consequently shielding factor* 
will be considerably lover. 
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Military vehicles and tanks afforded considerable Bhioliiai: to 
occupants while operating in a coniaainatcd area. Average percentage 
reductions r.ensured in low intensity areas after one de;.’ are sho-.m in 

Table 9»2. 

Vehicles opsrated in the most highly contaminated areas hecane 
radio actively contaminated to a degree eignificant only under AJÄ verg¬ 
ing tolerances. When the ground was wot following a rain, this condition 
was aggravated. However, under no circumstances would this contamination 

be of importance to a military operation. 

9#5 MI1ITASY INDIVIDUAL AND COILSC'JIVE PRQI5CTI0N DEVICES AND CLOTHING 

Chemical Corps protective clothing. Clase I (impregnated) and Class 
III (non-lmprégnatod) , was evaluated for coataniaability and ease of 
decontamination by inert exposure to the direct fall-out and by exposure 
on personnel working in contaminated areas. Impregnated clothing picked 
up rxiro contamination than non-impregnated and was more difficult to de¬ 
contaminate. However, none of the clothing retained contamination in 
excess of the acceptable ANC tolerance for continuous retantion and 1106 
without decontamination. All clothing effectively prevented contami¬ 

nation of the portions of the body it covered* 

Collective protectors for tanks, E26» were tested for suitability 
both during the period of fall-out and during operations in highly 
contaminated areas. Although they were found to provido complejo pro¬ 
tection from the inhalation of radioactive materials, Paragraphs g.9 

and 9.6 indicate that there is no need for this protection. 

Individual protective mask, M9A1, was evaluated for protection 
against inhalation of radioactive materials. No measurable activity 
was found to have penetrated the masks worn in the contaminated area 
produced by the surface burst. Again in Paragraph g.9 it is indicated 

that no military requirement for this protection exists. 

9.6 EVALUATION OF POTENTIAL RESPIRATORY HAZARDS ASSOCIATED WITH TASE 
OPERATIONS’ in a RADI PACT IVELY CONTAMINATED AREA 

Several tanks and an armored personnel carrier were operated through 
contaminated areas (as high as 50 r/hr). The dust Introcuced into the 
vehicles by this operation was measured for gross radioactivo contant. 
These measurements established the fact that no military hazard to 
peraonnel in the vehicles is to be expected under the most favorable 
conditions for the creation of a radioactive dust hazard. 

Although this project concluded that there may be a potential long 
tern hazard, the continued lack of positive evidence to this effect casts 

severe doubt that this hazard does exist. 



9.7 OOSSIDZRATIOÎÎ OF EADIOAOTI'T: CONTAM!NATION IS MAJOR OVEREATS 07 
AI RCFJLr^ TJrÊO W 51 RN PINES 

Tvo Allisoa J-33-A-35 eiiCinos fron tvo pllotod Air Force T-33A 
aircraft which had heea flown t-iron^h a radioactive clond on Oparatien 
BÜSTSE -»ere processed through routine najor overhaul. Sc airborne radio¬ 
active contaain&nt hazard existed during engine renoval operations three 
or four day» aftor contamination, Disassenbly vae started 36 days after 
exposure for one of the engines and $2 days for the other. It vas found 
that special precautions were required to noot standard AZO industrial 
safety requiroaents but no great difficulty vas experienced in complying 
with these requirements, 

9.8 CLOTHIHS H5C0NTAKI NATION AND S7A1UAIIQH 07 LAUHBY MUTKO PS 

Standard and special U, S. Army quartermaster Corps laundering 
methods and standard laundry equipment were evaluated for field decon¬ 
tamination of clothing and selected fabrics. No clothing worn by 
personnel became contaminated to a significant degree during this 
operation. Therefore, this project was carried out with clothing 
deliberately contaminated with radioactive material from the fall-out 
area. 

The project evaluated the standard and several special laundering 
formulae, various types of clothing materials, and ccritoring instruments 
(Project 6,7). The significant result of this project is the indication 
that .clothing contamination resulting from work in areas contaminated 
by atomic bomb detonations will not produce even minor injury to per¬ 
sonnel, This conclusion is based on consideration of the data on 
eaturation values of deliberate clothing contamination reduced to one 
hour after detonation. The resultant exposure to personnel would be 
less than that required to produce even slight skin irritation (com¬ 
parable to mild sunburn). Other conditions, such as muddy terrain and 
much higher specific activity, could increase the amount of contamination 
received by clothing, but an increase in level of neveral orders of 
magnitude would be required to produce injury. In these cases it is 
certain that routine standards of cleanliness would effectively prevent 
injury from this cause, 

9,9 EVALUATION 07 U.S. ABMT FI5LD VATER SUPPLY EQUIPMENT AND OPERATIONS 

U. S. Army, 3OOO gallon, rubber coated, nylon fabric, water tanks 
filled with drinking water were found to be undamaged -within 500 yards 
from the nuclear surface detonation* 

On the occasion of this test, the water in the tanks did not be¬ 
come contaminated nor was neutron induced activity produced. It was 
calculated, ho wer er, that water in open tanks would havs been contend- 



nated to a level above the acceptable risk level JL/for 10 days use ne a 

result of fall-out if the tanka had been located in the heavy fall-out 
area, Thie orci vould roughly correapond to the area ehovin£ 103 r/hr 
or greater at one hour. 

Drinking water which was deliberately contaminated to a significant 
level by adding radioactive crater lip debris wae processed through an 
Amy 150 GPM Diatonite Vator Purification Set, This equipment removed 
84,5 per cent of the dicsolved or suspended radioactive natter fron 
the drinking water. 



CEAPÏIE 10 

I1ÎDIES3? I3V3 DAKAOn ASSESSMOT 

10.1 QJZmjLL 

Operational cad eiporinental data vero obtained on radar rotara» 
froa atonie barat» using cirboraa radar ©quipceat earriod in boab do- 
liTory typo aircraft. Thl« tceimlquo i» being developed ua an all- 
veather aotliod of determining yield and location of ground «ero. 

10.2 KHHOD 

Ih* Hothod involros notion picture photography of the P?X sector 
sean presentation of radar returns. Both Z-bond redar (A3/APS-23) end 
EtSr-band radar (AH/aPS-Aj) voro utilised on this operation. The develop* 
ed film shoving the reflective effects is analysed for the required data 
fron vhich ground tero can bo detentined. Proa this and fron ostinates 
of yield the area of dem*» can bs ccticntsd. 

10.3 ïïgnglGgOUgg BSTOF/.TIOH 

The tmdergrouad bm-st t-aa dotcotcd rith both the Z-lcad end the 
Eu-band radars. It appeared as a bright »pot on the PP2 that percioted 
for 1 ninute and 12 seconds before disoipatins, This rotura differed 
radically fron that of on air brxot, the latter first appearing aa a 
horseshoe—shaped return vhich expends g^d gradually dissipa tea. 

10.4 SUBPAGE DmOKATIOH 

Sue to oquipnent failures no return» vor» recorded fron the sur» 
face burst. Sinos air bursts have boon detected, it is probable that 
reflective effects from the surface burst vould bare been obtained had 
the equipnent boon operative. 

10.5 COCCLUSIOH 

It vus dotcr^acd that tho center of the bright epot obtained an 
a radar return fron an underground xmoltnr detonation la tho location 
of ground aero. It va» xot poaciblo to determine yield fron tho rcflen» 
tivo effects obtained by this ccthod end tho phenonesa vhich produce» 
these effects L.'.vs ret Veen firmly ectabliehed. 

Tho radar return obtained with tho Eu—bend radar va» cero clearly 
defined than that obtained rith tho X-lnnd redar. 5ho duration of re¬ 
turn via approxlcatcly tho erne for both. 
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CHAPTTR 11 

L0L*0»S^‘JIj3 Dr.TECTIOU 

11.1 E*DIOCHi:nCAL AIIAlTSra 

Samples of alftorno boub dobris fron tho aurfaco «hot were colloct- 
•d after transport over distances of 1700 and 14,000 «tatato dies and 
were ideatlfiod by radiochcnlcal analysis. Good asreeaent existed at 
those dis tañeos between the locations of the debris and its path ns 
deteroined by meteorological trajectories. The debris from tho nndox*- 
ground shot was sampled and Identified after £00 milos of travel, but 
meteorological trajectory error, combined with small cloud dimensions, 
resulted In failure to sample the cloud at 1700 oilee. Debris could not 
be identified fzom collections at 14,000 adíes probably because of the 
high background resulting from other atonic explosione. 

The significant result of the radiochemical analysis is that fis¬ 
sion product ratios vary widely with altitude and rango of sample 
collection, and dopart radically fron the values giren by tho establish¬ 
ed fission yield curves. This was dotomined froa oacploa collected on 
the ground and at low and high altitudes froa tho initial cloud, and 
froa air samples collected at distances up to 1700 niles. This effect 
has not boon observed previously in the U* S. teste on towers or air 
drops. It indicates the necessity to study all possible methods of 
examining the debris fron sur foco and underground explosiona in or dor to 
deteraino the relation botvoen the fissionable materials* taepor elements, 
and products of neutron reactions in tamper and core. 

11.2 AOOUSTIO DBTBCIIOD 

Significant signals were dotcoted by all acoustic etations located 
within 1800 niles of tho detonation point for both JASGL2 tosts. Tho 
underground explosion was detected at a range of 2300 miles. 

Signal levels measured at long range were roughly equivalent to 
thoee recorded for air bursts during Operation BUST EH. It thus appears 
that the acoustic detection technique is Just as effective for surfaco 
and shallow underground bursts as for air bursts. 

The marked directional effect in propagation favoring transmission 
to the east verified expectations for winter propagation conditions. 

11.3 SEISMIC ETECTIOH 

Seismic test facilities were located in Wyoming, Oklahoma, Alabama, 
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and Alaska. Installations in Wyoming and Oklahoma, at. 670 and 1000 nil»» 

respectively, wore in an araa claaaified a« a close-in seismic rhadow. 

Although detection in this area was presumed to he more difficult than 
at greater rangea "beyond the shadow, the Wyoming installation proved to 
be superior to all the others. The surface shot was detected at thie 
letter location with an instrumental gain of 400,000 yielding a signature 
with a signal/noiae ratio of 1 » 1 and the underground burst was detect¬ 
ed with a slgual/noiee ratio of 2 I 1« The soisslo energy from these 
two shots was found to be about equivalent to that from Bckor shot, 
Operation BgsTEt, 

The significant results from this teat included (l) the observation 
for the first time at long range of an anomalously r.trong signature 
corresponding to a velocity of 3*2 km/eec; (2) evidence that geological 
considerations leading to quiet installations may be overriding la 
selecting future eeisnic sites; and (3) information which will permit 
narrowing the band width from 10 octavos to 3 octaves with resultant 
greater sensitivity. Hon-detection of the low yield shots beyond the 
Wyoming installation is believed dus partly to the use of equipment with, 
a gain of lese than 100,000 at the remote stations and partly to the 
absorption of a large amount of energy (possibly as high as 90 per cent) 
la the valley alluvium surrounding the detonation point. 
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CEAFÎI2 12 

ECraiPOLAIION O? TIST H2SULTS TO OPERATIONAL CONDITIOIIS 

12.1 INTROEUGIION 

In extrapolatinj the obaorved of feo ta of the toat weapons at the 
test site to eatiziate the probable effect of operational sized weapons 
on potontial operational targets, it is necessary to consider the in¬ 
fluence of cany variations between the conditions of the test and other 
very coanon conditions. Ono of those variationo is the differor.oo in 
size of the weapons. This requires scaling, a purely mathematical 
process durirg which other variables are considered to be constant. 
Scaling has uncertainties which are, however, very much less than those 
to be expected from variations in conditions at the point of delivery, 

12.2 ISTLOESCS 0? SOIL 

The target soil along with the velocity and attitude at inpact de- 
teraine the penetration of the weapon, Figure 2,1 shows tho variation 

in expected penetration r _\rue *° 611,1 relocity. 
In turn, the depth at which detonation occurs is ono of the ieportant 
factors in dotemieg the fraction of available energy which is coupled 
into the ground. High explosive experinents have shown that tho soil 
characteristics influence directly the coupling of energy into tho ground. 
▲ third effect of the soil is its influence on the attenuation of ground 
shock phenomena with distance. It la important to note that all these 
effects are additive. That is, a soil type which allows deeper penetra¬ 
tion also gives better coupling of energy into the ground and a lower 
attenuation to ground transmittod phenomena. 

The underground shot at the Nevada Test Site indicated that for 
surface structures air blast would be the damaging mechanism. However, 
acall chargo KS experimenta show that air blast decreases rapidly as 
depth of burial increases;!/• Comparison of Dugvay and Nevada EE data for 
identical charge depth but different soil shows a reduction of peak over* 
pressure by a factor of two at the Sugvay dry clay alte. Xf delivery 
were effected under conditions which would favor deeper penetration 
(!•«•• plastio clay) both of tho above factors would be operating to 
give a major reduction in radii for apociflo peak overpressures. Bocage 
to surface structures by air blast would be correspondingly reduced. 

* * .* -'is 

I.S., in plastic clay at maxi cun striking velocity. Structural damage 
at Dugwsy was experienced as a result of ground-transmitted phenomena. 
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The Ihißva^ coil is not the nost favorable for ground transalaeloa of 
shock, hut ie thought to ho Intaraellate between the cost favorable and 
that at the Nevada Test Site. It la therefore expected that the radius 
of at rue tur a damge due to ground transnltted phenoaena would be increas¬ 
ed under core favorable conditions. 

Due to aorloufl differcncea in the ambient field phenomena between 
the HS data from Dugvay and JAÏÏOLB and between the JANILS HS serieg and 
the nuclear shots, a quantitative expression of the above factor* doea 
not appear warranted at this tine. In addition to the discrepando* 
existing in the anbient field phenomena, major questions aa io the 
structural loading and the affect upon it of structural response remain 
unanswered. If, however, it i* oesuned that the differences in cnbicat 
field phenomena are due solely to variation in coupling of energy into 
the ground by nuclear detonations aa compared to high explosive deto¬ 
nations, rough estimates can be made. 

The crater due to the underground nuclear shot scaled according to 
lav* derived from EE experiments and the crater due to the surface 
nuclear shot can be correlated with HE data by applying a rational 
correction factor. (So® Paragraph 12.4.1.) Accordingly, the ciater 
sizes expected in various coils are shown in Table 2.1. 

At greater depths of penotration the base surge will assume greater 
importance in the spread of radioactivity with a resultant increase in 
the dosages md contamination level within the base surge area. The 
optima condition for base surgo formation la indicated from EE studies 
to be at a scald depth of about"Xq = 1.0 (JOO to 400 ft for the KS—S). 

The type of soil and its moisture content will influence base surge 
formation. The base surge radial growth curres presented for Pugvsy ES 
tests indicats that dry sand is the most favorable, wet clay tie least 
favorable, and dry clay intermediate in effectiveness for base surge 
formation. Thus a baso surge produced by aa explosion in dry sand is 
larger grow* fastor than tho suigs produced in clay soils. 

Particle size distribution nay be markedly affected by soil type. 
One vould expect a cley soil to have a smaller particle size on the 
average and result in a greater spread of contamination than would ho 
found for sand. 

In tho above an essentially ho no gen eons soil meditan has bean con¬ 
sidered. Lack of detailed knowledge of the geology underlying the target 
area would render the picture indeterminate for ground-transnitted 
phenomena. 

Although data to support this conclusion are very meager, it does 
not appear that soil changes would have a major influence on the effects 
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to "bo expected fron a surface detonated weapon. 

12.3 IHTLP5SCS OF HFT20EOLOGY 

The wind profile up to the height of the upper cloud will affect 
the pattorn and extent of areas of significant residual contenination 
resulting fron surface and underground atonic detonations. Although 
the active particles are initially associated with the fireball and its 
cloud outgrowth, the fall-cut process begins at an early tine during 
the rise and expansion of the cloud. At all tines thereafter the active 
partidos form an extended source continuous from the upper cloud to tho 
ground. The rate of fall-cut fron the cloud and hase surge if produced 
and consequently the trajectory of falling particles are not well 
established. However, certain general conclusions with regard to the 
influence of wind on the distribution of residual contamination can be 
cade. 

12,3.1 Effect of Wind Velocity on the Distribution of Healdual 
Contamination 

The wind will exert little influence on the distribution 
and intensity of residual contamination in the vicinity of ground tero 
and Immediately do\mvind where the contamination is primarily associated 
with very large particles which fall rapidly. 

The effective wind velocity Influencing the distribution 
of fall-cut ie approximately the averege velocity of winds from the ground 
to the height of the upper cloud. The time of fall and consequently the 
downwind displacement of particles in a given wind increases with 
decreasing particle size. 

The downwind increment of area of significant early dosage 
is roughly proportional to the effective wind velocity. Although Ihe 
concentration of residual contamination at a given point downwind varies 
inversely as the wind velocity, its time of arrival at that point also 
varies inversely with wind velocity. Those effects compensate to give 
approximately the same integrated dose. 

The period of arrival of fall-out at a given point down¬ 
wind ie governed by the wind profile. ïor winds of constant velocity at 
all levels up to the upper cloud., the period of arrival is equal to the 
cloud diameter divided by the wind velocity. Where the wind velocity 
varies with height, the period of arrival increases with distance. This 
increase in period at any distance is roughly proportional to the range 
of wind velocities involved. 

Decay considerations indicate active material of earliest 
arrival makes tho greater contribution to total dosage. At intermediate 
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to long distancée dovnvind this earlier fall-out materiel is that which 
spent a proportionally longer period in the regions of higher vlnd 
Telocity. Thus, for vlnd profiler, involving a wide range of velocities, 
the effective wind velocity shifts toward the higher values, particularly 
at increasing distfJices. 

The effect of wind velocity on areas receiving an intégrât» 
ôd gama dose in excess of UOO roentgens and on areas receiving signifi¬ 
cant residual contamination are presented In Table 12.1 for an 83 KT 
surface and a KE-S underground detonation. The winds chosen for each 
are zero wind, the JîlIG-LB effective vindo, and tvice the JAlîîlS effective 
winds. 

12.3.2 Effect of Vlnd Shear 

A shear in winds at any level up to the cloud height affects 
the distribution and extent of significant residual contamination in a 
complicated manner. Because the per cent of the total activity which ii 
left in the trail of the cloud within a given fraction of its height of 
rise is not known, the effect of wind shear is not subject to quantita¬ 
tive evaluation. However, it cun be expected that at all dourr/ind paints 
a wind shear will smear out the contamination pattern in a erosowind 
direction. This would result in broadening the area of significant con¬ 
tamination at short distances downwind and in reducing the downwind ex¬ 
tent of contamination of any given intensity level. 

12.3.3 Effect of Esin 

Eain will have an influence on the spread of radioectiv« 
contamination from hoth types of shots. The radiation doses and contami¬ 
nation levels nay be greatly increased and the overall areas affected 
reduced. 

Eain would probably have an effect on the air blast ex¬ 
pected from either type detonation. Estimates range from no reduction 
in air blast to 50 i»r cent reduction in the peak overpressure at a 
given distancs'* 

Thermal radiation will be affected by atmospheric clarity 
in the same manner aa for cm air buret. 

12.3.4 Iffcat of Delivery Technique 
V 

The nethod of delivery of thej^ ^ will determine its 
velocity and attitude on impr-ot. Thcao govern the depth of penetration 
expected in a given soil as choun in Figure 2.1. Lessor penetration will 
decrease the size of the crater and other underground effects and ifir- 
crease the air blast effects. 
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TA3LE 12.1 

12.4 SCALING 
<* 

^ SatinateB of effects fron the^ |penetrating weapon and 
ET (_ '"Vea pon on tte gronnd surf ace. es en ted in Part X» were 
scaTiiig the effects of the tvo 1.2 KT test esplosiona with the aid of 
the HE tests at Nevada, Dugway, Arco and elsewhere. It is strictly true 
that no Eodel law can he fulfilled in detail unless the mediua Itself is 
identical in scale. In particular, if any inhomogeneities such as 
stratification, are present different tests even at the sene site can 
not he scaled one to another. The depths of of =08^ prospective 
targets are such that their scaled depths ( d/W /3) ere much smaller whan 
considered in connection with nuclear weapons than is the case in 
connection with HS weapons. These shallow scaled depths are in a region 
where previous experience with E33 has shown a wide spread in valuer from 
nominally identical explosions. The metnodu and relationships used in 
scaling the various effects, together with their reliability, are dis¬ 

cussed bolow. 

12.4.1 Craters 

Crater scaling appears to he reliable and consistent with 
HE results for nuclear detonations at a sealed depth greater than \c - 
0.13. Crater scaling for surface nuclear detonations appears to he 
similarly reliable when proper account is taken of the much poorer cou- 
pling of energy into the ground which occurs for a nuclear detonation. 
This difference is developed in the report of Project 1.9-2, which is 

summarised in this section. 

th<T 
made" by" 
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Tae vork of C. V. Lnapeort^ on EB cratera haa given an 
empirical relationship for the eiv:e of the crater proinccd hy e.n nr.ior- 
grotvnd charge crproBeeA a» 

B = 1.3 car/12 v1^ 

where 

E r Crater radius in feot 
C = Dopth factor 
E = Erplosive factor 
k - Soil conetant 
V = Charge weight in pounds 

The coil constant for the Hevada site vaa found to he about 6000 based 
on an average soil density of 1.6 and an average seisnic velocity of 
3000. The depth factor is a function of the scaled depth and the 
variation is reported in References 3 and 4. The explosive factor X 
is unity_for_ES, and less thrn unity for nuclear shots In consideration 
of the difference between total yield and mechanical yield of the 
nuclear bonb. The crater radii of the underground HS shots calculated 
by the above relationship are found to be in good agreement with those 
observed as shovn in Table 12*2. If the crater radius from the under- 1 
ground nuclear detonation is calculated using the equivalent mechanical * 
energy of the weapon as 0.7 it is found to be within 7 par cent of the ' 
observed value. 

TABLE 12.2 

Orator Radii Calculations from Lanpson's Relationchip 

V yl/3 X 0 c X 
kl/22 Radius (Feot) 

Calc'd Observed 

RE-1 

ET—2 

U 

he-4 

3 

256O 

40000 

1.2ET 

256O 

1.2ET 

i}.Cs 

34.2 

134 

13.63 

134 

-O.15 

-O.15 

-O.13 

O.15 

0.03 

.43 

.43 

.42 

.14 

.26 

1 

1 

(6.T)1/3 1 ' . 
1 

(0.07)1/3 

2.11 

2.11 

2.11 

2.11 

2.11 

l6 

* 

V9 
5 

43 

18 

38 

130 

7 

45 

• I '• Vj .• • . / 1 
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In the case of tho B'irfaco nuclear detonation, the ohaorr:! 
crater radius is about half that calculated fron the Lanpcon relation¬ 
ships for H3: ^ f®»* reraua Íü6. Clearly, there is hotter ground cou¬ 
pling for a surfaco dotonatc-d ES charge than occurs for a nuclear weapon 
detonated under elnllar conditiona. The Project 1,S—2 report indicates 
that only about 2 per cent of tho aechnaical energy vill ho coupled into 
the ground for a eurface nuclear detonation, based on calculations of 
tho rate of energy transfer into the earth and into tho air during the 
very early phases prior to brtuhavuy, Leuipson'o voih with ES indicates 
that 20 per_cont_of the energy vdll ho coupled into tho ground for a 
surface charge. This difference can he adequately represented by 
UBing ^a~fignxe of (0,1 for the orplosiTO factor, S, in Lanrson*» 
equation for crator radius fron surface dotonationo, ax compared to B = 
(0.7)^3 for scaled depths of detonation Xc ~ O.IJ. The transition in 
the zone hetveen has not been established, 

ïatimtes Jor crater radii for the£ ^jpenetrating 
wsapon and the | ^weapon on the ground surface presented in Part 
I wore calculâtcd-froa izLupeon’s equation using soil constants end depth 
factors reported in Eeforenco 3 and presented in Table 12,3. 

ÎABLS 12.3 

The crator radius for the'35“foot depth in sand prsscnteT^ 
above is high since the appropriate 2 factor will lie sonewhere between 
(0*7) and (0.07)1^. 

i It should be pointed out that an extensive high explosive 
pro gran wan required by larrpson to develop '.hs capirical relstionship. 
This relationship contains a nuuber of uncertainties; for exoxplv, ths 
accuracy of the soil constant >: is no better than ± 25 par In 
addition, there is considorable scatter in tho data obtained froa 
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identical si»te fired nndor the sane enrironrientaJL conditions, 

Cratür doptha and consequently th® Tolucsa ar® noro fjc— 
dotorcinate than are crater radii. The crater Toluaea for the operation¬ 
al weapons presented In Part I are eatlratsd on th® haßis of th® follov.«- 
ins reduced equation for the volur.o of a cono vith a radius to depth 
ratio of 2i 

V (cubic yards) ~ 0,02 (R foot)' 

12,4,2 Air Blast Overpressure 

Air pressure reacurea cats foi the surface nnoloar tcct uhoa 
collared to the surface HZ shot (EZ=»4) indicate a difference in the 
distance attenuation factor. On the other hand, it tras foundj.that the 
nuclear curre and a well verified sirall—charge free-air curved/ had equal 
slopes at the 20 poi lercl - 6) and for 7 P3* and less ("K2 10), 
This latter agreement nay be a pocsible basis for acçlin^ the air prcacur® 
froa largor chargea by us® of th® conventional explosion ■ codel law. 

In the case of the underground nuclear testt conparieon Oaa. 
b® nada with the air blast frea Shots EE-1 and HD-2, Except for close- 
in relues ( X = 6 or Icos, P =.10 pai) good egrocaent is reached end 
scaling on the basis of the vV3 law of the air blast for larger charges 
at tho Horada cito is probably Justified, There is a corked difference 
betusen the air blast obtained for Shot EE-3 (Project 1(9)-1) lu Eovsda 
and Dag't-ay high cnplori.vo tests for prcaunably identical shctc at » 
scaled dcpthXc = 0,5, This difference between tests at different sites 
is greater that botvom the EE—nuclear results at the sane site. 
This ñauas that the scaling by the V^/3 law of tho air bloat fron under¬ 
ground nuclear bursts for other then the Eevoda site is cubjcct to sone 
uncertainty. 

12,4,3 Ground Accslerations 

Earth accelerations and the difficulties of scaling require 
an investigation of vavo foras end distance attenuation factors. In the 
case of tho underground g hot the distance attenuation factor for the first 
pesh of earth-tranenitted horizontal acceleration is distinctly different 
fron that observed on Shots HD-l end EE-2, Tho curvo for attenuation with 
din tono® of tho corth-trenacitted vertical acceleration has a step which , 
indicates a cubsurfcco layer of higher seicnio velocity beneath tho 
JADGLB cite. The KT-snolcar attenuation fretoro appear to bo the sane 
for tho vertical accelerations, but this attenuation curvo step introduce» 
uncertainty at larger di otoncea. 

Inclination, of tho accelcrorcter vave foras for tho carth- 
trananltted effects indicates that tho dusotlca of tho sroothod first 
pulso does not follow tho conventional 4^/3 r:.dol lav, Peviatiom from 
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the r-/-* lav are prohahl? due to inhocoscneitieo in the rcciun* 

la addition to the earthr-trannnitted acc3lerati.on there 
vas an air-blast induced effect. This effect can be calculated for tho 
highor yield vcapons but it is not considered of sufficient ir por tarne 
to do so. 

/or a roro detailed discussion of ground accelerations 
reference is cade to reports fron Project 1.1, 1(9)q aud 1(9)-1. 

12.4.4 Ground Pressures 

Poor correlation is found to exist botyoon the freo ground 
pressuro-reduoed distance relations obtained for tho nuclear ehots and 
the high explosivo tests and an a result scaling becomes virtually 
impossible. The previoucly accepted relationships for scaling free 
ground press-ares^/ are found to be inapplicable. This ppovious work vas 
based on gages buried at depths of approximately 3/2 W*73. The phenomena 
Measured at JATGL3 vere relatively near the surface of the ground vith 
gages primarily in the region l/lO W1/^ vith a fev gagos as deep no l/2 
ïl/3, and Lair?Eon has previously reported that this is an indoteminato 
region as fax* as true ground propagation is concerned. 

in attempt is being made to corroíate earth pressures ap¬ 
plied. to the test structures in order to determine soao logical pattorn 
for tho earth presouve phenomena. This tludy has not progressed far 
enough to alloy com cat at this tine. 

12.4.5 Thermal Radiation 

On the basic of previous air burst experience it is knovn 
that tho thermal energy emitted by an atomic bomb vhich reaches a 
specific distance is approximately proportional to the yield of the bomb. 
Therefore, it is assumed that the thermal effect at a given distance 
from surface dotonatod weapons can be seeded in the same manor from the 
results of tho surface shot. The sealing relationship, including tho 
corrootion for atmospheric attenuation, is thus: 

He = «i ° (ki • ^)d 
*1 

vhero (¾ is the thermal energy in cal/cm2 received at any given distance 
d in feet, V is the energy release of the veapon and k is tho appropriate 
atsssphorio attenuation coefficient expressed in reciprocal feet. The 
atmospheric attenuation coefficient, k, is about 3.92 divided by the 
visibility in foot. Tor the conditions of the JMGLS surface detonation 
k = 9*72 X 10"® ft.“l. The thermal anorgy as a function of distance for 
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the JAUöLS surface let'.nation is presented in Figure J,l, 

12.4,6 Eadiological Effects 

The methods and assumptions involved in scaling the radio« 
logical effects observed for the JAUOLS detonations to estimates for 
wcapone of larger yield are presented in the report of Project 2,0. The 
predictions based on this scaling are very sensitive to variations fro» 
the JASOLE conditions. The scaling of the JAUGLE results involved the 
assumption of the absence of directional wind shear ana of the same 
particle size distribution. For the smaller particle size distribution 
tthich may be expected vith clay solle a larger fraction of the active 
debris vill remain airborne for a longer period of time. A shear in vind 
direction vill smear out the pattern of contamination crossvlnd at all 
distances. Both effects increase the area over vhich the contamination 
is deposited and vill result in much scalier high dose ra^e.areas. High 
winds will have similar effect. The predictions for thek 'KT surface 
detonation with an estimated cloud height of &boujL20t000 T^et vill be 

much core sensitive to these effects than the1 lylth an estimated 
cloud height of 10,000 feet for a 50-foot depth- or curst. Ihus, the 
resultant areas of significant residual contamination may be considerably 
scalier than those estimated for many operational situations, particularly 
in the case of a large surface burst. 

Lack of information on the initial vertical distribution 
of radioactive debris, and on the influence of soil type on the particle 
size distribution, limita the extrapolation of radiological effects to 
highly idealized conditions. A discussion of the methods of the scaling 
process follows» 

12.4.6.1 Bose-rate Scaling 

The JAKGLE residual contamination one hour dose- 
rate contours vere extrapolated empirically to give the new one hour 
contours for operational weapons as follows* First a family of ellipse» 
was fitted to the JA3GLE contours vith ground zero as a common focus and 
a major axis directed downwind. A new family of ellipses was drawn .for 
each operational weapon by scaling up the crosswind dimension by V1/1*’ 
(clnce the cloud dlaneter scales as W1/^) and taking an interfocal 
distance directly proportional to the average wind speed. A new dose- 
rate value le then assigned to each ellipse such that the area dose- 
rate producta integrate to give the same fractione of the total activity 
as that for the corresponding JAäGLB contour. The details of the method 
are presented in the report of Project 2.0. 

12.4.5.2 Total Bose Scaling 

The total gamma radiation dose received in periods 
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up to 10 seconda at a given radial distance fron ground zero Is scaled 

directly vith yield from the integrated dose rate voraus distance data 

of Project 2.1a for both JAÎIG-L2 detonations. The principal source of 
this initial genua dose is the fission product radiation froa the fire¬ 
ball and cloxid. The effect of vind and the contribution of fall-out 
can be neglected for periods up to 10 seconds. The more rapid decrease 
of initial dose vith range from the point of detonation for those bursts 
as compared vith air bursts ia accounted for by the loss of a largo 
fraction of the scattered radiation duo to tho proximity of the earth. 

The total gamma radiation dose received in porioda 
longer than 10 seconds requires the integration of the dose rate froa 
tine of arrival of fall-out to the end of the period considered and ad¬ 
dition of this to the 10-Bccond dose. The tine of arrival was taken froa 
the Project 2.1a gamma dose-rate records which indicate an effective 
wind of 5 niles per hour for the JAHOLS underground burst and 15 miles 
per hour for the surface burst. The time of arrival goes approximately 
inversely as the effective wind velocity. Tht' normal t“^»2 decay lav 
vas used for the dose-rate integration. 

12,4.7 Reliability of Scaling Radiological affects 

Tho predicted areas of significant radiological effect for 
surface and underground detonations, scaled by the methods described in 
Project 2.0 report and sumcarizod above, have greatest reliability for 
wind conditions approximating those of the JANGLE test. The reliability 
varies vith the time period or area considered as follows* 

Predicted total dose values should be correct veil within 
a factor of two in areas where most of the cumulative gamma radiation 
dose come froa initial or cloud radiation. 

The 10-second total dose areas should be correct to with¬ 
in 20 per cent because of the fairly good precision vith which the 
initial radiation can be calculated. 

The accuracy of tho 10-uinute dose curves is in doubt by 
as much as 50 P®** cent in areas because insufficient data on early fall¬ 
out behavior are available as a basis for scaling* 

Prediction of fall-out is less reliable since In general 
one will find hot spots in relatively cool areas and cool spots in areas 
of high activity levels. Thus, although the expected variation of the 
average intensity along a predicted destrate contour does not exceed 
a factor of 3* th° dose rate at specific points along such contours may 
well be one hundred-fold higher or lower than the average value. 
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Th© dose—re. to o callup not ho d tLsod epp ear a to he a reaoon- 
ahle one hut Bone aBsurptions itado in ita application are open to luestioa^ 
In the process of fitting ellipses to the JAKOLS surface shot data the 
contours wore conevhat hroadened. In the normalization procooa the frao» 
tion of total activity falling out in ono hour for operational weapons 
vaa tohea as c^ual to that for tha JAT&L35 detonations. For grcr.tor cloud 
heights the one hour fall-out should involve a anallor fraction. In 
addition it vas aonuaed that eBacntially all the activity came down in 
one hour for both JAEC-LE detonations. It appears fron the surface shot 
data that a coaciderúblo fraction did not fall out in the first hour. 

Coa^leto evaluation of the dose-rate scaling problem baa 
not been carried out, Eouo revlcion in shape and reduction in area 
contaninated to a given dose-rate level is indicated, particularly for 
ostinates for surface atonic detonations. However, it ie considered 
that such œodifications vill fall within the limits of stated relia¬ 
bility for conditions of detonation approximating those of the JAEILS 
test. 

Areas vithin contours, whether for dose rate or total dose, 
are euch less sensitive to irregularities in the oaçolooive and distri¬ 
bution process then tho dose rates at a point, partly because of the 
steep gradient of tho contours end partly because the concept of an area 
vithin a contour involves on averaging process. Predicted values for 
areas resulting fron detonations carried out under conditions not too 
far different thp-n at JAJI3LS chauld be correct well within a factor of 
2. 

It tmict be cnph.?£Í2od that the reliability of scaled 
estimates is reduced as the conditions of detonation become appreciably 
different than those for the JAEGLB test. Because the initial vertical 
distribution of radioactive debris is not known, no reliable estimates 
can bé nade for irregular rind profiles involving high wind velocities 
or involving a shear in wind direction below cloud haight. Prrthercore* 
the influence of soil type on radioactive particle sise distribution and 
consequently on the fall-out pattern has not been evaluated. 
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CEAPÏÜR 13 

co:;cLusioiTs a'jd Erootcü^DAiions 

13*1 coscLusiors 

It vas dc^onatratcd that aouo of th« ocaling relationships dovolopc-1 
fron otulioa of conyontional high explosi-ve dotonationa are applicable to 
nuclear detonations. In generali correlation haa not been established 
for phenomena vhich inTolve energy tronanioaion through the soil« An 
important limitation to scaling •erioua ES results is that the 
scaled depths for ceasuroments vhich are of interest in the 
study of nuclear weapons are euch less than those involved in the HE 
tests on vhich are based the empirical fora also for predicting explosive 
effects as functions of distance. 

Craters resulting from underground end surface nuclear detonations 
can be calculated from the empirical relationships developed for cratoro 
from H2 detonations when rational corrections are made for tho snallor 
fractions of total energy which aro coupled into the ground in tho case 
of the nuclear detonations. 

Air blast overpressures along the ground from nuclear explosions 
of a given yield are essentially the oaae over the range of scaled 
heights of burst (“/v*/3) from zero to 0.25 ft/lbs^/^# for surface 
detonations i there is a significant difference in air blast overpressures 
■.long the ground from nuclear explosions aa compared to those from 
equivalent E3 explosions, for underground detonations» air blast over¬ 
pressures along the ground from nuclear and equivalent E3 explosions 
wore found to bo in reasonably good agreement. 

Ground transmitted phenomena of the nuclear detonations - earth 
accelerations» earth prcasurei end displacements — did not agree with 
•caled results of ED detonations. The degree to which these discrepancies 
may bo attributed to soil effects or the degree to which they cay be at¬ 
tributed to surface phenomena have not been resolved at this time. It 
>L«m been noted that the coil properties do not scale and that the cono 
of interest for tho nuclear detonations (shallow scaled depths) is one 
where ES experiments Indicated a vide spread in results. 

Surface end underground nuclear detonations produce extensive areas 
of high radioactivo oontenimtion. fissionable material economy consider¬ 
ation indicates the surface nuclear detonation to be potentially the more 
important radiological weapon. Unfortunately» reliable prediction of 
areas of residual contamination and consequently areas of lethal dosage 
opti be made only for highly idealised conditiona. 
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The capabilities and llnltatlone were eat&bliehcd for eca- of the 
technlcuea a.nd equipncnt dorcloped for military Operation in which 
wcapone are used. Consideration of the JAKGL2 test recuits and of the 
problems Inherent in nllitary operations indicates that a number of these 
techniques and cquipnoat are not in fact required* 

13.2 ESCQMMUnimOKS 

Znowlodge in the field of military effects of surface and under¬ 
ground atonic czplosiona ebould be extended in the areas listed below. 
A large part of the effort can be acconplished by further evaluation of 
published test data and by the continuation and extcncicn of existing 
H3 teat programs. 

1. Identification end evaluation of the parameters which have 
significant effect on the devclopasnt and attenuation of ground shock and 
air blast fron surface and underground atonic ezplocions. 

2. Correlation of ground shock, cratering, and air blast phenomena 
between SB and nuclear explosions on the surface and underground* 

3* Predictions of loading of buried structures on the basis of 
free medium phcaonena. 

4. Tko interaction between buried structures and Immediately 
adjacent earth layers under conditions there large stnictural deflections 
occur. 

5* Cratering effects from nuclear datouations at small scaled 
distances from the ground surface, either underground or in the air. 

6. Peternination of the initial vertical distribution of radio¬ 
active bomb debris* 

7. Potenaination of the mechanisms involved in the initial 
distribution and subsequent fall-out of radioactive berob debris. 

S* Petered nation of the influença of soil type and depth of burial 
on the particle size distribution of radioactive bomb debris. 

In the event that additional nuclear tests are required for these 
studies, particular cere should be taken to ensure that sufficient time 
for necessary preparatory work is provided to give reasonable assurance 
of a successful test* 

In addition, a critical review should be cade of the techniques 
and equipment developed for radiological defense in the light of need 
as well as performance. This review should stress tolerance levels con¬ 
sidered significant for military operations. 
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APPSiíDIX A 

JAIîQLE HEPOET VOLUMES 

À.l OníEEAL 

The titles of the reports for Operation JAE3LE are listed helov, 
Ecports of related projects are bound as volumes, Tuch volume md ench 
project report bears a YfT number for reference purposes. 

Project 

BLAST AUD SHOCK MEASUHEÍEÍTS I 
WT-366 

Title Agency 
Project 
Officer 

1,1 Ground Acceleration Measure- HaveúL Ordnance V, 3, Morris 
(VT-328) ment Laboratory 

1.2&-1 Peak Air Blast Pressures Ballistic Be- E, E. Minor 
(WT-323) Along the Ground from Shock search Laboratory 

Velocity Measureaonts 

1,2m-2 Transient Ground Mechanical Ballistic Be- K. E, Minor 
(VT-3S5) Effects from HE and Huclear search Laboratory 

Explosions 

BLAST AED SHOCK MEASUBEMEîTS II 

VT-367 

1.2b 
(ÏT-36U) 

1.3* 
(bT-324) 

Close-in Ground Measureaents 

Pree Air Shock Arrival 
Tinas 

Armed Torcos 
Special 
Weapons Project 
Brookhaven 
Bat*l Laboratory 

ï. ?. Gannon 
CHF-TLE, USB 

J.B.E, Kupor 

1.3b Froo Air Peak Prcaüure 
( WT-3S9) Measurements 

Eaval Ordnance J,P, M-oulton# 
laboratory Jr, 

1.3c The Measurement of Tree Air Cambridge Bo- 
(VT325) Atonic Blast Pressures search Center 

J, 0. Vann 
Kaj, USAP 

1.4 Air Pressure vs Time Sandia Corp. W. J, Eovard 
(VT-306) 
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BLAST ALT) SF0C2 UFASUEIXESIS III 

XT-3S3 

Project 

1.5a 
(VT-382) 

1.5¾ 
(XT-326) 

1.6 
(wï-353) 

1.7 

(ra-357) 

1(9) a 

(VT-330) 

1(9)¾ 
(WT-390) 

1.9 
(XT-353) 

1.9-1 
(XT-328) 

1.9-2 
(XT-378) 

1.9-3 
(XT-350) 

Title A^oncy 

Tranciont Gro’ind Dloplaconent 

Hcas’crenont 

Detection of Tine of Arrival 

of First Earth ilotion 

Earth Dioplacercnta (Shear 

Shafts) 

Ground Acceleration (Shock 

Pins) 

Ground Acceleration, Ground 

and Air Proasures for Under¬ 

ground Test 

Eaao Surge Analysis for 

Huelear Teats 

Haval Ordnanco 

Latorntory 

David Trylor 

Kodol Banin 

Office of the 

Chief of 

Pag in cora 

Office of the 

Chief of 

Engineers 

Stanford Eo~ 

search Instituto 

Eaval Ordnance 

Laboratory 

UHIFHGPOUin) EXPLOSION THIOET 

XT-369 

Theoretical Studies of the Office of 

Shock Vuve Eaval Research 

Application of the Klrkvood- RAED Corp 

Brinkley Method to the Theory 

of Underground Explosiono 

Rotes on Surface end Under*- Aracd Forces 

ground Explosions Special 

Weapons Project 

Predictions for the Undcx*- Stanford Rt*- 

ground Shot search Instituto 

Project 

Cfflcor 

X. li, Morris 

G. V. Ccok 

H. J, Sundstroa 

E.J. Sun da trom 

I. B, Doll 

V. 2. Morris 

J. X. Snith 

J. J. Gilvarry 

D. T. Griggs 

3. B. Doll 

IOS 



HICE EXPLOSIVE TESTS 
vrT-365 

IVoject 

1(9)-1 
(WT-377) 

1(9)-2 
(VT-349) 

1(9)-3 
(VfT-UlO) 

1(9)-4 
(vr-339> 

l(S)a 
(th:-3143; 

l(S)a-l 

(VT-327) 

1(8)¾ 
(WT-361) 

2*0 
(WT-39I) 

Title Agency 
Project 
t-ficer 

Scaled HE Test» Stanford E. 3. Dell 
Research 
Institut« 

Composition of Clo-oíjs Foraed Stanford He- ï. B. Dell 
'ey TBT search Institute 

Tcpts and Observations on 
Craters and Base Surges 

Arn-jd Forces 
Special 
Weapons Project 

D.C. Car.pbell 
CIH, USH 

Base Surge Analysis for HE Haval Ordnance 
Tests Laboratory 

V. 3, Morris 

CEO LOGIC, HTEHOLOGIC AND THLEKAL lEATUEJES OF TEE SITES 
WT-343 

Geologic, hydrologic and Thermal U, S, Geo- A. Piper 
Features of the Sites logical Survey 

SEISMIC EITHACTIOE SURVST 
vnE-327 

Seisnic Eefract5on Survey United Geophys- B. 0, Perkins 
leal Company 

AIR WEATHER SERVICE PARTICIPATIOH IN OPERATION JANGLE 
^361 

Air Weather Service Partid- Air Weather 
pation in Operation JANGLE Service 

SCALING OF RADIOLOGICAL EFFECTS 
WT-39I 

Scaling of Radiological Technical 
Effects Operations, 

Inc, 

3. H, Earston« 
LtCcl, USAT 

M. G, Schorr 
and E, S, 
Gilfillan 

IO6 



Project 

2.1a 

(VT-329) 

2.11 
(VT-392) 

2.I0-I 
(1^-330) 

2.1C-2 
(WT-351) 

2.14 
(VT-3S0) 

2.>1 
(VT-33I) 

2.3^ 

(1*1-353) 

2.Ua 

(1(^3¾) 

2.4¾ 
(VÍT-332) 

2 Utr 

(VÜV-34S) 

2.7 
(vr-396) 

GAKMA EADIATIOH MIASUHS-SiTS 

V :-370 

Title Agency 

Project 

Officer 

Geaca, Baàiation as a Ponction Hational Bu- 
of Tine and Distance rean of StandnrdB 

Ganra Eadiation as a Ponction Bureau of 

of Tine with Droppalle Tole*- Aeronautics 

aetern 

Aerial Survey of Dictant AF0AT-1 

Contaninated Terrain 

Aerial Survey of Local Con- Bureau of 

taainated Terrain Aeronautice 

J, E. Terry 

CEE, USD 

V. D. Urry 

J. H. Terry 

CDS, USE 

Monitor Survey of Ground 

Contamination 

Arned Forcea 
Special Johacor 

Weapons Project CDS, USE 

Total Ganna Eadiation Dosage Evans Signal 
Laloratory 

M. B, Tories 

LtGol, USA 

Foxhole Shielding of Gemma 

Eadiation 

Engineer Re¬ 

search and 

Develo pa en* 
Laboratory 

T. J. Walsh 

BIOLOGICAL HAZARDS 

WT-372 

Beta-Hay and Gamma—Hay Energy Naval Re- 

of Residual Contanination search and 
Bovolopnent 

Laloratorv 

3. Tochilin 

Gama Depth Dose Measure- Hational 

aent in Unit Density Material Medical Re¬ 
search Institute 

J. W. Charniers 

CDB. USE 

Gemma Hay Spec trun of 

Residual Contamination 

Biological Injury from 

Particle Inhalation 

Broohhaven J.B.E. Kupor 

Hational 

Laloratory 

Hational ï. Smith 

Institutes 

of Health 
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•PAfi!TICL2 STUDIES 
vt-371 

( vt-394) 

2,5c-2 
(vt-395) 

2.5^-3 
(ra-333) 

2.8 
(vrr-335) 

•Urborae P.orticle Studio* 

^all-out Stiele Studie* 

^Üccherdcal Studios of 
large Particles 

of Toat SUa and 
^all-cut Material 

Arn? Chesiical 
Center C. F.nbMns 

usa 

I^aval fiesearch I j p 
“4 Borolopnent ’ '>PI'0ÍÍ 
^aboratoiy 

Arty Medical 
Center 

U* S, Dept, 
of Agriculture 

H. Marvell 
Col, USA 

L» -• Alexander 

2,6a 
(vt-334) 

2,6c-l 
(VT-3S6) 

2.60- 2 
(W-397) 

2.60- 3 
(HW363) 

MI0CHOJJCil lrasj^ 

?SwSo.C3n‘rOUOi S“pllD« Btou Signal 
laboratory 

of Health 

Ecaldua^Contanlnat S- 2- ^U»u 

laboratory 

M, 3, Forbes 
ItCol, USA 

C, Maxwell 

^»eiles for 
denote Ground Sampling 

3.1 
(VT-1^4) 

HA7Y STEUCTUSis TEST 
TO-i<o4 

National 
Idatitute« 
of Health 

C, Miaxvell 

î'OTy Structures Teat 
Pureau of 
lards and 
Pocha 

C, B. Haszard 
Leía, USH 

3.2 
(KS-3^7) Amy Structures Test 

AHW STEUCIUEES TEST 
UT-3S7 
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t 

AIR FOBCE STP.UCTUEB5 TEST 
-/^-405 

Project Title Aser^cj 

3#3 a*.t Force Struct'Oree Teot Air Materiel 
(VT-405) Coaunaad and 

Amour fieaearch 
Inatltute 

ENGINE2H. SOIL MECHANICS TESTS 
>T-33o 

3.29 
(’rfT-336) 

3.2s 
(vrr-i«)6) 

4.1 
(wt-354) 

4.la-1 
(-^-392) 

4.16-2 
(WT-346) 

4.2 
(wr-399) 

4.5 
(WT-33S) 

Engineer Soil Mechanics Teats Naval Civil 
Ihgineer Eos earch. 
and Evaluation 
Laboratory 

STRUCTURE INSTRUMENTATION 
vr-4o6 

Structure Inatruaontation Sandia Corp 

TECHNICAL PEOTOGRAPHT 
WT-374 

Aerial Technical Photography Air Reaearch 
Operations aad- Development 

Command 

Cround Technical Photography Sandia Corp 
Material Operations 

Photographic Analysis Sandia Corp 

CRATERING- AND MISSILE PHENOMENA 
VT-375 

Cratering Effects of Under- Naval Civil 
ground—Surface Detonated Engineer Re- 
Atomic Boaba and Influence of search and 
Soil Characteristics on Evaluation 
Crater Laboratory 

Characteristics of Missiles Stanford Re- 
fron Underground Nuclear search Institute 
Explosions 

IO9 

'"Kr-”'"''-' 

Project 
Officer 

R.R. Lsbourvenu 
CAPI, USAI’ 

y, 2, Lovance 

H.E, Lcnander 

?. M. Crawford 
Maj, USAT 

H. 3. Barr 

E„ C. 3arr 

P. S, Lovanco 

R. 3. Valle 



KVÜO ATI CH 'OF MILITAS! SALI AC EÿJIPMEMT 
VT-337 

'^rojoct 
Project Title Agency Officer 

6.1 Lraluatlon of Mllltsry Hadiac Lvaas Signal K. 3, F-jrbee 
(VT-337) L^uipnent Latoratory LtCol, OSA 

PHOTS CI I OH AHD DECONTAMINATION OF LMÎD T>S0ETS AND VEHICLES 
v,t~4oo 

6.2 
(vrAoo) 

6.3-1 
(\.T-4ci) 

6.3-2 
(VÎT-402) 

6.7 
(WT-3U7) 

6.8 
(V.T-3UO) 

Protection and Decontoni- 
nation of Land Target? and 
Vehicles 

EaN-al Ses ear ch V. Z. S trope 
and Deyelopaeat and S. S. 
LabcratoiT' Sinnreich 
and Arny Chcnical 
Center 

TESTS OF SERVICE EQUIPMENT AND OPERATION 
w-376 

Evaluation of Military Indi- Ari^y Chcnical 
vidual and Collective Pro- Center 
tection Devices and Clothing 

Evaluation of Potential Army Chenical 
Respiratory Encarda Center 
associated vith Vehicular 
Operations in a Endioactively 
Ccntacinatcd Area 

J.R,Hendrickson 

3. F. Ihnuist 

Clothing Decontanication and Office of the A. H. Parthon 
Evaluation of Laundry Methods Quarternaster MnJ, USA 

General 

Evaluation of ïï. S. Army 
Field Unter Supply Equipnent 
and Operation* 

Engineer Re¬ 
search and 
Developaent 
Laboratory 

D.C, Lindsten 

CONSIDERATION OF EADIOACTIVB CONTAMINATION IN THE MAJOR OVERHAUL OF AIR¬ 
CRAFT 1ÜRR0-J2I ENGINES 

v.t-403 

6.6 
(V^-i403) 

Ccnsidexation of Radioactive 
Contanination in the Major 
Overhaul of Aircraft Turbo- 
Jet Engines 

Naval Re¬ 
search and 
Developsent 
Laboratory 

H. A. Myers 
KaJ, USAT 

"1F~ 
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ACCOMPLISHING OPERATIONAL TPSTS 0? TECHNI^JZS INDIRECT KMB 
DAMAGE ASSRSSMS3T 

>f?-344 

Pro joct 
Project Title A.^oncy Officer 

6.4 JANGLE Accomplishing Operational Wright Air ï, E. Jenes 
(6.SISTER) Tests of Techniques for In- Dovelopaont 
(WT-344) direct Boah Damage Ansessneat Center 

BADIOCHEMI CAL » CHEMICAL AND PHYSICAL ANALYSIS OP BUSTER AND JANGLE 
BOMB DEBRIS 

WT-320 

7.3 JANGLE Radiochemical, Chemical and AID AT-1 P, WJ^nall 
(7.1BUSTER)Physical Analysis of BUSTER LtOol, USAI 

and JANGLE Boah Debris 

SEISMIC VATES PROM A-BOKBS DETONATED OVER A LAND MASS 
VT-32I 

7.3 JANGLE Seisaic Wares fron A-Bombs AID AT-1 P, Wignall 
(7^5^3^2^)detonated over a Land Mass LtCol, ÏÏSAP 
(wm32i) 

AIRBORNE 10Vf-PREGUENCY SOUND ÏRQM ATOMIC EXPOSIONS DURING 
OPERATION BUSTER/JANGLE 

WT-322 

7.3 JANGLE Airborne Low-frequency Sound APOAIV-l P. Wignall 
(7.6 BUSTERjfroa Atonic Explosions Doxing 
(Vr-322) Operation BUSTER/JANGLE 

in 

- 
tr 



APPENDIX B 

CONDITIONS POH NUCLEAR TESTS 

B, 1 

„..„P1* “"!• »“I“? description, Betecrilcglcal tota and otier Infor- 
Estíos ou teat conditiona are givra in Tables B.l and 3.2. 

TtlCCa n*\\’ the lite °f th® detoaati°aBt !■ an alluvial fill in a 
basin-range valley. There is no apparent stratification but rather th® 
naso is heterogeneous containing pockets or lenses of caliche, ocars® 

int^i6d*iHnd fiQe aaû4» The Particles are very angular thus 
interlocking to a higa degree. This condition augmented ty^eaeatatUn 
produces a coherent mus. The area la extremely dry and the soil very 

drtlltd Vf9Ltaïla ÍaB t8en f0Tlnd in th® flat* although one hol7 
a ÍMthr0f °V9r 1500 f°®t Bhovei a 8lle^ trace of vater at 

S! ^ ^ í7139 8011 18 ch*racteri£6d V a high attenuation to 
the transmission of ground phenomena. Tables B.3 and 3.4 give a consoli- 
dation of the varioxifl soil characteristics* 

TABUS B.l 

Nuclear Dotonations 

Date 

Time (PST) 

Yield 

Vcapon 

Pisoionable Material 

Position of Center of 
Gravity 

Elevation of Ground 
Zero (above KSL) 

Surface Shot 

I? Nov 1951 

39OO 

1.2 ± 0.1 Ö 

4213,0 feet 

Underground Shot 

29 Nov 1951 

1200 

1.2 ± 0.1 XT 

17' nndorground 
in shaft vith 12' 
earth cover 

4299,0 feet 
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TABU B. 2 

Meteorological Condltlona 

Surface Shot Undargroxmd. Shot 

Atzjospliorlo Progtiuro 

Tapera ture 

Belatire Huai dit y 

871.5 n* 

l.o0C/33.5°/ 

47 por oeat 

872.O nh 

l4.5oC/58.0°T 

35 Por cent 

Wlnda 

Surfaco 
6000 feet MSL 
8000 
10,000 
12,000 
14,000 

IÇO0 - 2 kaoto 
170 - 13 
ICO - 26 
200-32 
200 - 37 
210-40 

ISO® - 2 knots 
ISO-5 
210 - 15 
23O - 21 
2¾ - 24 
2OO-25 

Cloud Cover 

10,000 feet MSI* 
16,000 
29,000 
31,000 

I/S altocuaulua 
4/8 altocuaroluB 

7/8 clrro-otratus 
1/8 cirrus 

Oreund Tcnporature 

3 foot depth 
5 
10 
20 

13.1eC/55.7°7 
i6.3co/6i.20r 
I7.90o/64.2°r 
i6.30o/6i.5°ï 

10.7°C/51.2eI 
l4#4oC/53.0°r 
l7*40C/63.i°r 
i6#l°C/6i.o0J 



TAELS B.3 

Subsoil Characteristic* at Zero Points 

Surface Zero (Depth in foot) Underground Zero (Depth íjí feet) 

Sand end gravel, lightly 0-27^ 
oenented 

Boulders, lir.ectone 275-278 

Gravel, lightly 278-3OO 
ocnentod 

Sand and gravel, 
lightly cemented 

Sand, not ceacnted 3L0-365 

Bouldors 365"369 

Sand 369-37O 

Gravel, oenented, 370-405 
nediua hard 

Gravel, cemented 405-449 

Sand, counted 449-502 

Sand and gravel C—76 

Gravel, ceacnted 76-126 

Boulders I2S-I3O 

Sand end gravel I30—I35 

Gravel, ctmected 135-160 

Sand and gravel l6o-175 

Sand and gravel, cemented 175-210 

Sand and gravel 210-240 

Gravel, cenented 24o-4l5 

Sand and gravel, 415-465 
cemented 

Sand, ceacnted ^5-500 

TAELS B.4 

Density and Seisnio Velocities at Zero Points 

Field Density of Valley Fill (Including retained rois ture) 

Surface Zero Underground Zero 

Range in Depth 
(foot) 

Range in Density Rengo in Depth 
(feet) 

Range of Density 

0,5 - 16,0 Karimun l.Sl 
MinisTJua 1,37 
Average 1.59 

0.5 - 15.8 Hardnuai 1,76 
Mir intua 1,30 
Average 1,59 

Caliche layers nay have a density as high as 2,05 
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TA-3L3 B.4 (Cont'd) 

Seigriic 7elocity aa a Tunctlon of Dupth Apparent Seisalc Telocity at the 
Surface aa a function of Distance 

Depth (foet) Velocit/ (feet/aoc) Distance (feot) Apparent Velocity 
(foet/scc) 

; 

g
 ë

 
O
 O

 O
 O

 
O
 O

 

2620 
3070 
JUSO 
36SO 
4100 
43OO 

0 - £00 

600 - SCO 

800 - I6OO 

4400 

3900 

3500 

U5 



APPKDII C 

MS 10 PETS!CAL lŒJLSOlElEHTS 

c.i o-zsnjjj 

A sur.-cjry of the oaoic phyoical acaoureocnt* 4^ken c.% Operation 
JAEGLE 1b given In Table C.I. A detailed Hating of these meaaurenent« 
is given in Table C.2. 

TAPLE C.I 

Snsnary of Basic Physical Measurement« 

Measurement Surface Cuolear Shot 
BangoCft/) Bearing 

Ground acceleration by 
horizontal, transverse 
and vertical oeceler- 
onoters 

Ground accolcration by 
chock pin stations 

Hydrostatic earth 
pressure 

Pirat earth, notion 
arrival time 

Shear shaft stations 

Transient dicplaco- 
Ecnt fiducial tnrkers 

Peak air prencure 
(velocity catliod) 

Air blast as a function 
of ti&e 

275 - 3000 

562.5-1675 
625 - 1250 
625 - 1250 

275 - 3000 

250 - 1000 
312.5-750 
312.5-750 

300 - 2700 

500 - 4200 
3IOO 
3IOO 
3IOO 
3IOO 

S20°¥ 

S20°¥ 
H70oV 
S70°ï 

S20°V 

S20°¥ 
H70°V 
S70°l 

S20°¥ 

S20 W 
E150I 

1 
i45°s 
V20°H 

Underground Eue10or Shot 
Bearing Banga[ft.) 

200 - 3OOO 
262 - 3O6O 

562.5-1675 
625 - 1250 
625 - 1250 

200 - 3OOO 
217 - 3060 

5-542 

250 - 1000 
312.5-750 
312.5-750 

275 - 1890 

3OO - I5OO 

5OO - 3IOO 
314 - 3OCO 

I25O 
I250 
1250 

11&~ 

S2QCV 
H70°V 

S20°W 
E70oW 
S70°I 

S20°¥ 
H70°¥ 

S20°V 

S20°¥ 
H7°®¥ 
S55°B 

S20°¥ 

S20°¥ 

S20°¥ 
H70°¥ 
r2S°¥ 
L20°S 
¥39°H 

III'jMOWBBIBIII 1 



TAB13 C.2 

îjju tijcj c.2 (Cot'tj 



TAELS C.2 (Coat«4) 
ÎAIL» C.? ( Ccat '4) 

TiXJ C.? (Ctoat'O 

6Äas 
satii-SaSs 



• .X 
U/l 

IhaUiae«(ft. 
9.? 9.21 
10.0 
10.9 
11.0 
u.o 
1UC 
U.0 
u.o 
1^.9 
15.0 
15.9 
15.9 
23 
29.9 
29.9 
29.9 
29.9 

S:í 
fc.j 
50 

n-j. 

l.T* 
2.0« 
2.0« 

2-^ 
J.0 
J.0 
J.tó 
*.3 
‘.3 
5-2 
4.25 
4.25 

31“ 
315.2 

su.ii 
378 
3'8 378 
372 
yt 
512 
512 
54Í 
5« 
7«í 
1C 25 
1025 
»25 
1025 

;& 
2130 
V«3 

23.5 
2«.4 
a.» 
ÏÏ 
kl 
^.5 
51.« 
5«.! 
71.1 
85.5 
«5.5 

* 
/ 
«.T 

I.^.í 
1 

!.▼ 
P 
t 

1.T 

UT 
i,T 

I.T.T.T* 
I,T 
1 
I.T 
I.T 

I.I'.T,?' 

/ 
1 

I.P.P 
I.P.T 
1 

I.P.T 
I.P.T 
I.P.T 

1 
*.P.T 
i.p.r 
i 

£>*<• D«ptÂ 
n. 

«4» ^77» 

5 
5 
5 1.1¾ • 
5 
5 

1.16Í* 
5 
5 
5 
5 
5 
5 
5 

5 1.164* 
5 
5 

X.lU* 
5 
5 
5 L.166* 
5 
5 UlbS* 

u 
GJ 
G.7 
(K 

DU 
C? 
r» 
PU 
s 

CA 
«P 
ru ■a 
i 
X 

I. U 
1. KA 
V 
r. «a 
V. «A 
1, ÏA 
JP 
X. KA 

tAiu C.p (C««fO 

7.5 
7.5 
lo.f 
10.( 
15.9 
15.9 
23 
23 
39.É 
39*É. 
98.2 
Kl kt 

1.72 
2 .Cl 
2.0C 
2.^ 
3.0 
3.0 
3.42 
í.3 
4-3 
Î.2 
4.25 
4.25 
7.5 
7.5 
10.« 
10.1 
15.5 
15.5 
23 
23 
35.4 
35.4 
io« 

Dl«l4UU3*, PT. 

102.5 
1C2.5 
1**4 
lk€ 
178 
17« 
}lk 

319 
5W 
5W 
1>M> 

23.5 
n.< 
a.* 

ft 
»U 
^.5 
5«.« 
58.« 
71.1 
•5.5 
«5.5 
102.) 
102.5 
198 
194 
17« 
178 
319 
319 
542 
542 
1440 

I.t 
P 

«,P,T 
1 

t,P.T 
* 

8.P.Î 
1 

■,P,C 
1 

«,▼ 

P 
1 

I.P.T 
I.P.T 

1 
!,?,▼ 
I.P.C 
I.P.T 

1 
I.P.T 
I.P.T 

1 
I* T 
P 

1.2. T 
1 

I.P.T 
1 

I.P.T 
S 

I.P.T 
1 
I«T 

rmh 
Pt. 

5 
5 
5 l.lôé* 
5 

1.1S6* 
5 

1.166* 
5 

1.166» 
5 

5 L.166* 
5 
5 

1.166» 
9 
5 
5 1.1Í6* 
5 
5 

1.166« 
5 
5 
5 

1.166* 
5 

1.16o* 
5 

1.166* 
5 

1.166* 
5 

*•4 • V». 

J 
I, VA ! 
ff 
I. Kà 

>• VA , 
W» 
I. K4 

I. KA 
I. KA 
IP 
I. KA 
I. KA 
I. KA 
CP 

I. «A 
I. KA 

V 
X. KA 
KP 
V. VA 
V 
I. TA 
VP 
V. KA 
KP 
VA 

Io toa ] 

(1) Tho acal cd radius, "X , ia dofinod aa 
JL 

■^e = E/V1/3 

J't ^ diate/ica in feet fren «round a oro and V ig 
equiTalent energy in pounds of TOT. for JAEOLE nuolcor ghota îins 
been arbitrarily taken aa 1.0 OT of TOT (2 X 10¾ pound*). * ^ 

(2) Eadial di atanco of ncnaurcacnts fron ground aero in feet. 

0) Syntolo used identify tho typo ceasurcacnt aa folio in: 

b peak air pressure (Telocity nethod) 
3 air blast aa a function of tino 
I transient dicplaocaeat fiducial carkera 
H horizontal radial acceloronatera 
P hydrostatic earth pressure 
q first earth notion arrlTal tine 
^ »hear shaft atatioiu 
S a hock pin stations 
f tran*Torae aceclcrocetara 
T TOrtical accolerosetcora 
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Kotes to Table C.2 (Cent«4) 

ia apo.troph, (., after th. letter .frbel lD41cat„ a 

r-iors after the letter .frtel. q „d S Indicate the 

1 Biatlon on eouta line (S20°W) 
2 Biatlon on west line (570°V) 
3 Biatlon on e.?Æt line (570¾) 
^ Biatlon on couthcant liao (S55°E) 

•bach-up* ga^e. 

foiloxring: 

aat.r?2t«)fÄ: ÍT¿, ¡°¿Z " 

tîLlT1* MC1 U thl- declínate the *pe of „ 

A 
BJ 
3S 
OA 

C-B 
If 
I 
PB 
PS 
WA 
liP 
tfd 

ox-aacnx-t acccloponotor* 
opcaiol blast ouiich (bhl) 
Bpccicl blast cwltoh (3C) 

after the ^3^1^410^6^10^10^°6^8% A ^ ( + ) 

hydrostatic pressé 
B Cadix precaure ecse tro« l jiui flllwl “«Prcao Ss-, 

aolcnlc atltch (M^r9 
Plancho accolcrototore 
Wiancho prescure gages 
vooden black and trhiie tarjeta -f««. *- 
photography. S or transient displacement 
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Appzmi r 

EAJDI0A.CTI7ITI AST SIOIOIDICAl HgASU&g-ngnS lüSSS^ti-rTAglOJ 

D.l GJISTIAL 

Tha principal itcns of teat inotrvu-ientation for Progre-T 2 projecto 
and station locations or areas of operation aro outlined in the follov- 
in£ paragraphs» 

D.2 P?i>JSCÎ 2.1a 

Scintillation counters, vith 4 pi doctectors mounted 23 inches abov# 
ground, wore employed for ccasurcnent of g acra radiation intennity as a 
function of tino and diatanco. A pattern of 27 stations for the surface 
shot and 29 stations for the underground shot, ligures D-l and 3-2, »as 
used* Close in stations, carkcd Double Stations, had a second detector 
which popped up into position after passage of blast wave. 

D.3 PBOJZCg 2»lb 

Tire droppable gamma radiation telemetering units, AS/USQ-l, were 
placed on ground count a on a H2 radial line for each shot, at distances 
1000, I25O, I5OO, 2000, and 3OOO feet from sero, Bccoiwors, AS/ABB-29, 
on a P27 aircraft and at ground station nonitored fron 0 to + 15 minutes* 
Subsequent teat air drops of Aïï/USÇ-1 units in both craters were nado, 

D.4 PROJECT 2.1C-1 

Three C-47 type aircraft were directed orer a pr&-eot grid pattern 
at average altitude of 600 feet several hours after detonation. Scin¬ 
tillation gtnra detectors and atmospheric-conductivity equipments were 
employed tc assess the pattern and relative intensity of ground contami¬ 
nation* 

D.5 PROJECT 2,lc-2 

A P27 aircraft equipped with ionisation chamber detectors Aïï/Æt-4 
and a B-17 equipped with phoophor-photornltiplier detectors type Ï-1 
wore employed to evaluate these equipments for rapid aerial survey of 
ground gamma radiation field intensities* 

D.6 PROJECT 2,Id 

AH/PDR-TIB survey instrumenta, calibrated with gamma rnys from an 
equilibrium radium source, wore used for gamma radiation field intensity 
Measurements. Data includes general area survey after each shot and 
post test survey of crater and lip intensities* 



D.7 imrscT 2.>i 

Total gaana radiation dosage measuranientB were made using a nunber 
of photographie filme of graduated sensixivlty placed in National bureau 
of Standnrdß type film badge holdors. Film dosimeters were exposed 3.5 
foot above ground at all Program 2 project stations and in foxholes, 

tanks, and some structures, 

D.8 PEOJDST 2,3-2 

Standard two-iaan foxholes instrumented with gamma fila dosimotors 
were constructed at -0°t intervala on a NÏ radial line from 2000 to 
5OOO feet for both shots. In addition one man foxholes and S-inch 

diameter soil pipes similarly instrumented were located at J000 and 
hOOO feet distance on the sane radial lina, ill openings were '48 inches 
In depth with film úosimeters placed at zero, l6 inches, 32 inches, and 
43 Inches depth, 

D.9 PROJECT 2,ha 

Photographic film packets were used to study beta ray energies and 
the ratio of beta to gamma ray ionization of residual contamination from 
both shots, A total of 46 film stations was set up for each shot along 
throe radial lines, extending to 12,000 feet on a 5 line and 6OOO feet 
^n a K2 and a Utf lino. 

Energy dopendent dosimeters (modified Lnndsverk Kodel L-pO 100-r 
dosimeter and lb dal L-66 2-r decimeter) and energy dependent surrey 
motors (modified Tracerlab-type SU-IB °Cutie Pica“) were employed to 
assess the effective gemma ray energy over the period from 5 hours to 
several days after detonation. The surface shot stations vare located 

on south, SB and SW lines at distances from JOG to 3^00 feet. The under« 
ground shot stations were placed from 1800 to 3OOO feat along a south 
radial line, 

1),10 PROJECT 2,4b 

Sots of ephorieal luolte spheres of graduated wall thickness, 
instrumented with Sievert ionisation chaabor, phosphate glase and film 
in a central cavity, were set out to teseos the variation in quality of 
gemma radiation with depth in unit density material, Tor the surface 
shot stations were located on a SW lire at distances of JJQ, SJjO, 950* 
IO50, end II70 yarda, Tor the underground shot, stations wore located 
in a lino 10 degress south of wost at distances of 5OO, 6OO, TOO, 800, 
and 1000 yards. 



D.Il PE0J5CT 2.4o 

Scintillation conntor ennna rojr opcctronotor ^uipncnt trach-nornt«' 
cd was uaod to asacas th<5 degrado! gonna radiation floli. Bpcctnr.% 
Moaonroaonta vore cod© ir. th© vicinity of a xmabar of Project 2.1a 
stations (Pignro D.l and P.25on ecveral anccossivo days after each sbot, 

r.12 PEOJSgr 2.5P^-l 

Particle collection equipment vaa placed 7 feet above gronnu at 
46 statioiui in a broad pattern to dotoraine concentration and airo 
distribution of active particlca in the near ground aoronolo. Station 
pattern oloae-in is that of Project 2#la, figures D.l and D.2, vith 
additional stations in tho SU (dounvind) quadrant at 11,000, 14,000, 
20,000, 30,000, and 50,000 feet, filter sanplora vero located at all 
stations for gross sanpUng of aerosols. Several electrostatic precipi¬ 
tators were similarly employed. Cascade iapactors, conifegos and parti¬ 
cle separators were naed tj obtain size graded swaplea. Continvnus air 
œonitors and radiological air samplers provided aerosol activity veraua 
tine records and provided sarnies as a function of tine, 

D,13 PROJECT 2.5a-2 

Differential fall-out collectors uned to anscoo tire rate of fall¬ 
out and thermal precipitators for near ground aerosol sampling vero 
Placed at all stations shovn ic figure D.J except as Indicated, One 
hundred or moro fall-out collection trays were placed out for each shot 
in the pattern of figuro D.4, 

D.14 PROJECT 2.5a-3 

Ho field instrumentation. Individual active particles wore iso¬ 
lated from fall-out and crater samples for physical and radiochcaioal 
study, 

D.15 PROJECT 2,6a 

Remotely controlled weasels equipped with core and surface campling 
devices and a television no ni toring system were used for early sampling 
of tho crater lip dobria, A mobile power and control station was in¬ 
stalled in a 2¿ ton E-53 true};.' Entry was initiated during tho first 
hour after detonation along an upwind radial access rond for each shot. 

D.16 PROJECT 2.60-I 

Laboratory radiochemical studios. 

I23 



D. 17 FSOJaCT 2.6c-2 

LaboratoT7 raílochenical evadios. 

D.13 PHOJSCI 2,6c~3 

A line loving rocket vit-h eaapling noee was tested as a technique 
of recite saaplin^. Tbe rockets were fired Into crater at^ Up after 
each shot froa a truck counted launcher at rangos of 1000 feet, 

D.3.3 PEOJSST 2,7 

Ilongrol dogs and ehoep were exposed about 3 feet above ground at 
distances of 2500 , 500C end £000 feet during each shot, A few animals 
were placed in standard foxholes at the 2500-and 5000-foot distances. 
All exposures were in the ÏÏB (dounwind) quadrant, 

D,20 P&OJhC.T 2,8 

Largo fall-out souples wore collected at distances fron £ to 10 
ciles in the EX quadrant for noil and partiel** study. Tubs and oil¬ 
cloth sheets wore used as collectors. 
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Tig. D» 1 Scintillation Counter Station Pattem,, Surface Shot 
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• SINGLE STATIONS 

G DOUBLE STATIONS 

N 

rig, D.2 Scintillation Counter Station Pattern, Underground Shot 
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D*3 Thorcal Eccipitator and Differential Collector Stc.tio.no 



APP-SDIX ï 

STHUCTUHES TESTS 

2.1 SSÍE3AL 

The Btructurea teat program of Operation JASÖLS incluñed 65 zs-ior 
etructuroB or stnict’aral elements. The testa wore divided into 26 
structural test projects, a project for cortíiin Boils studies, and a 
project for the ceasureacnt of trônaient loading and response of the 
structures. In addition, acosurenents of permanent gross displacements 
were made. Table B.l lists the structural teat projects and Figure E.l 
shows the array of the test structures around ground zero. 

TABLE 1.1 

Structural Test Projects 

Project Agency Description Description 

3.1a»b Bureau of Tarda Light steel frame buildings 
ani Docks with corrugated metal sid¬ 

ing, 401 X 100'. At 4000 
and 10,000 feet from zero. 

3»2a,b,o Bureau of Yards Tripod type antenna towers 
and Docke 100' high. At 2900,3000 

and 3100 feet from zero. 

3*2d,e Bureau of Yards Cantilever type antenna 
and Docks to wars, 100* high. At 

290O end 3IOO feet from 
zero. 



Project Agency 

T¿213 2.1 (Coat’d) 

Description 

3.3 Office, Chief of l/5 sice cedei of heavy 
Pngiceei'B stcol coluna target a truc- 

tur o 9’ X 12’ X 6* high. 
At feet fron zero (see 
3.7 for prototype). 

J 
3.4 Offioe, Chief 

of Engineers 
Reinforced concrete shear 
vail target structure 33» 
52» X 16’ high. At 44l 
feet fron zero. 

3.5 Office, Chief 
of Zhgineera 

Reinforced concrete coluna 
target etructuro 11’ x 14* 
X 16’ high. At 504 feet 
from zero. 

3.6 Offico, Chief 
of Engineers 

Three-hay heavy steel 
coItem target structure 11’ 
x 47« x 16* high. At 44l 
foet fron zero. 

3.7 Offioe, Chief 
of Engineers 

Single-bay heavy steel 
co Item target structure, 
24« x 36« x 21’ high. At 
504 foet from zero. 
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Project 

3.8a»* 

Agency 

Office, Chief 

of Zngineora 

3.9a,h Air Materiel 
Cocmand 

3.10a, 
h,o 

Air Materiel 
Coaaand 

3.U y Air Materiel 

Comnand 

3.12a, 

TABU S.l (Cont'd) 

Ascription 

Single-hay light eteel 

coltunn target stmctures, 
24' X JS' X 21« high. At 
63O and 832 feet from zero 

Hoiaforced concrete retain¬ 
ing walle, one with loaded 
face toward zero p-M one 
with loaded face away, 12’ 
high* At 9OO feet fron 
zero. 

Single-bay, 2-story light 
reinforced concrete build¬ 
ing fraaes with brick cur¬ 
tain walls, 25» X 27' X 301 
high. At 900 feet from 
zero. 

l4" and 18* reinforced 
concrete parement slabs, 

10’ X 150». At 500 feet 
froa zero. 

Bureau of Yards 
end Cocks 

Precast, prestressed con¬ 
crete zlabs, 20' X GO* X 
6B thick. Heinforced con¬ 
crete alabe 6" x 12* 
thick, 10» x 60». At 1200 
feet froa zero. 
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TAELS B.l (Coat'd) 

J^Joct Agcacy 
/ 

/ 

3.13,/ Office, Chief 
cf Engineers 

Deacription 

Boried reinforced concrete 
box, 25' X 25» X 17» high, 
open top and bottoa, front 
and roar velle 5* thick. 
At 233 feet fron zero. 

3*15a.* Bureau of Tarda 
and Docks 

Thin-Balled rigid frame 
buried bulldinge. Procast 
concrete construction, 20' 
X 140' X 14' high. At 75O 
and 1000 feet fron zero* 

3,l£a,b Bureau of lards 

and Docks 
Thin-Balled circular arch 
rib buried bulldirgs. Pre¬ 
cast concreto construction 
20' X 40' X 10« high. At 
75O and 1000 fest fron toro 

3,17a,b Bureau of Tarda 
and Docks 

Thin-Balled done-shaped 
buried buildings. Precast 
concrete construction, 22' 
diameter at floor x 10' 

high. At 75O and 1000 feet 
fron zero. 

3«18a,b Bur. au of Tards 
and Docks 

Prostressed concrete buried 
fuel tanks. Precast stave 
construction, 10' diameter 
x 8' high. At 750 and 
1000 feet from zero. 
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TABLE 2.1 (Coat'd) 

Project A^oacy Deocription 

3.19 Air Materiel Unloaded concrete footings 
Coanand and 6' concrete cubes, 

■buried. Located adjacent 
to a 67 oral et rue tures 

3.20a^, Air Materiel free standing brick vails, 
&2 Coamand lG' long x 11' high* At 

900 and IO5O feet from 
zero. 

3.20b Air Materiel Brick vail vith auperio- 
Cocj.and posed load, 16' long x 11* 

high. At 1050 feet from 
zero. 

3.20Cp Air Materiel 
Og Corraand 

50' high brick chimneys. 
At 75O and IÛ50 feet from 
zero. 

Air Materiel 
Comcand 

il 

Tvo arrays of buried square 
boxes, open at top and bot¬ 
tom. Reinforced concrete 
and steel construction, be¬ 
tween 8' and 201 square with 
41 to 8" rails of reinforced 
concrets and one of 12 gage 
steel. One array at 7^3 and 
one at 85O feet freía zero. 
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TABL3 3.1 (Coat'd) 

Project A^caoy 

3.23¾. 
*2 

Air Materiel 
Co ns and 

Description 

Circular 
concrete 
dianoter 

section reinforced 
tunnels, 6* in 
with 5- wall. 

3.2^, Air Materiel Priction pile clusters, 
*2 Command 3 timber piles 20' lon£ in 

each cluster. At 4J5 feet 
from zero. 

/ 

3,26a-e Bureau of Tards 

and Docks 
Vater, sewer, air, steam 
and electric lines, all 
underground, Szt ended bo- 
tween 600 and 1800 feet 
from zero. 

3.27 Air Materiel Two-foot concrete cubes, 
Command buried. Located adjacent to 

several structures 
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