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ABSTRACT

. A measurement W&S made of’the permmeut earth movement in the neighborhood

of the tower caused by the nuclear explosion at Trinity. The c~ater w-asapparently

formud by a compression phenomenon and wna noted to be mud shallowor than craters

formed by ordinary high explod.ves. Sealing up existing information on the radius of

craters9 the TNT e~Ui.~~b3?JQe of the nucl@n- bomb is given as 10,000 tons to within 50
.

perceut~ gbserv~tions were made on the damage in the crater region and Guggeetions

are given as to the nature of structures whioh might be expected to withstand the
#

blast close to the gadgetO It is also noted that, despite previous opinion to the

conkrary, it is apparently possible to reduoe greatly the volume of earth blown away

by the blast by suitably proteotin.gthe ground.
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JULY 16th NUCLEAR EW’MSION:

PERMANENT EARTH DISI%ACEMENT

>,

ExperimentalArrangement

Steel stakes two feet long and one inoh in diameters provided by J. Coons

were located at various distancss from the oenter of the tower base along two mutually

perpendicular lines by a group under Captain Davalos.

The stakes

inoh to protrude,, A

were driven vertically into the

surveywas made of these slxxkes

distances between the stakes on a given line Iooated

tower base in a southerly direotion. fhmeyors from

en~ineers did the pre-shot measuremcmts~ Los Alamos

ground a~lowing

with respeat to

1,000 feet from

the Albuquerque

only tho top half

elevation and

the oenter of the

corps of

Post surveyors did the post-shot

-.

measurements. Fig. 1 is a detailed map of the survey inoluding the distanoes and

elevations before and after the shot, as well as aomments on the appearance of the

stakes after the shot. Fig; 2 gives a pre- and post-shot sketoh of a tower base.

Pictures of the stakes (Fig. 3) taken after the shot indioate the marked ,

deforsvxtionaaused by the blast. Fig. 4 is a general view of the aentral orater

re3ion0 It is olear that because of the deformation of ths stakes and the local

irregularity of the ground oaused by the blast,

affeoted by ignoranoe of the point on the stake

the measurement of an elevation is

at whioh to measure. Pm-shot

measurements were taken to an accuraay of *O1 foeto Post-shot measurements omnot
.

be roliod upon to better than a few tenths of a foot becau8e of t<e irregularity of

the grouud and the marked deformation of the stakes.

In view of the faot that the orater seems to have been formed mainly by

oompressi.onof the ground, it seems worth recording that a well sunk at the zero point

1“

before the tower was bui t indioated a ground struoture oomprised of sand and gravel

ikom a depth of zero to 60 feet. Borings of a ground well at Nortin1000 yards showed

sand and gravel from zer

f

to 120 feet &nd sandy olay, or sand, or ala

120 to 365 feet.
, -:no’”o”

I
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Because of the radioactivity in the region of the survey, the two surveying

crews did their job each accompanied by a radiation monitor on hugust 12 and 13, four

weeks after the shot. They spent about three hours in the contaminated area~ the

highest dosage ,reoordedwas 4R, Some idea of the extent of the area measured oan be

obtained from the included marked air.photo (Fig. S).

Results

The most marked feature of the crater ems its great Width. approximately

1,100 feet, and its smxll depth, about 9-1/2 feet at the center. Contrary to expect-

ations, based on the 100.ton shot, which was looated on a tower at a scaled elevation

correspondingto 5000 tons of TNT at 100 feet, the crater was clean swept and the

ground hard packecl. Roads leading into the crater from north, west and so~th, were

merely depressed with the surrounding ground up to a distance of approximately 150

feet from the center of the tower base. the volume of the crater as oalouhated from

Fig. 8 iS 103 X 106ft30

rupted.

SmAll spheres of

Sinoe these spheres are of

oan oonolude that thay did

oonneotion

crater was

conf3istent

Within the 150-foot circle the surface was completely d+s-

fused earth were found in the outer part of the fused region.
,

higher speoific aotivity than the surrounding fused soil we

not originate at the points where they were found. In this

it might also be noted that the radioactivity in the very center of the

small com~red to the aotivity further from the csnter~

with the fact that the oenter.of the crater was aotually

small spheres may possibly have resulted from the solidification in

earth blown out ;rom the center by the blast.

From 150 feet outwards, a thin layer of earth was removed

These results seem

gouged since these

air of the melted

by the blast. The

volume of earth blown away from O to 1000 feet from the center, as calculated from the

.,

0 length of exposed earth stakes, is roughly 4 x 105 oubic feet or abo

t ~operoen’of.
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o the total crater volume. It would appear then, that the orater was largely formed

by compression rather than gouging action of the blast...

If it is amnuned that thG crater $s formed by compression of the ground to

within a depth of 20 feeta an increase in density of #10 percent would be required

in the oratered soil. No soil-modulus experiments are available to teat this estimate

but the dsnsity increase required seems ream?nableti

Figs. 5, 7, and 8 are plots of the ground contours before and after the test.

‘l’hefirst two simply give the elevations taken on lines running from % to S and

E to W , referred to, the 1,000-foot point. The third plot refers the ohanges in

elevation to the pre-test elevations~ Inspection

to be essentially symmetirioal. The radius of the

is about one-half the radius of the oircular area

of this third plot shows

crater, as seen from the

over whioh the ground is

the orater

air photoO

fused,

The radius of the crater can be related, in a rough empirical way, to the

TNT equivalence of the nuclear explosive. Soalirigup the radius of the crater formed

by the loO.ton shot, and the orater information given in

oonclude that to within 50 peroent the blast performance

to that of 10,OC)Otons of TNT plaoed at the same height.

depth of the orator was muoh loss than that @.ven by the

the Weapons tinual, we oan

of the gadget fiaBequivalent

It 8hould be noted that tho

empirioal rule which states

that the depth is approximately one-quarter of the radius.

The horizontal movement of the ground was quite different from that predioted

on the basi8 of’the &.30.tontestO In the case of the 100-ton test we nay recall that

the ground moved horizontally in a very

oenter and others away. In the nuclear

limits of experimental error the ground

peculiar way, some stakes moving towards the

bomb test, however, it was notioed that, within

moved towards the center in every case. Preyious

to the 100-ton test, it was expscted, on the basis of many trials made elsewhere with

smaller ohar~es, that QI1 horizontal ear,thmovement would be outward from the blast,...

●
1

“~
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‘~hisrem~t ~~~s reasonable in that the ground ~-ouldbe expected tO be pushed aWRy

Q by the blast. We hava as yet had no suocess in interpreting tinepeculiar earth move=.,
●

~ent obtained in the 100-ton tsst, ‘Me result in the Gadget tos% mi~ht be explaiiled

‘oyassuming that the ground behaved Mke a membrane in which the poirrh were drawn

;;oazmdsthe center as the membrane was deforxnede An attempt was made to oheck this

hypothesis by observing tinepositions in the ground of the earth movement stakes} but

—

.

0

Lhe stakes were

mation suffered

stake remaining

too short to be deformed in a manner

by the earth. One would expects for

in the ground to be bent towards the

out of’the ground be blown away from the blast

(Fig. 5). The latter -S observed but the former

is expeoted to be slight, and aotually was not

deteoted, although it might have been observed at

points very olose to the oenter if’the stakes had

definitive of the mode of del’or.

example~ to find the part of the

blast and the part of the stake

not been blown out of the ground. It is somewhat di.ffioulttounderstendvhy tho grcamd

should act like a membrane since Trinity dirt has no apparent tensile strength. An

alternate hypothesis is that surfaoe layers, direotly under the blasts are compressed

and flow outward.~ but no data are available to check this conjecture, and sinoe the

surfaoe and sub-surface soil have the same structure (sand), there seams to be no good

reason for the surfaoe not to move outward with the sub-surface layers.
-.— .....—--.... ..—. —-..,...——— -.....——-— ——---...-.-.-——-..—-.-—----———.. .

Tho four tower bases were originally plaaed with their tops two feet above

the surfaoe of the ground, and their bottoms sevan feet below the surface of’the

ground~ After the blast it was noted that, although the parts of the bases originally

above ground were shattered, the entire base struoture was pushed down with the

ground to a depth of from five to sevexafeet. Tho steel work rcimainedintaot below

the point which was originally enoased in concreto. At this point it was apparent

that the steel had been burnt off by tho explosion (see Fig. 2)0’ It might ‘beuseful

to exoavato tho stumps of the tower base and examine the condition of the base left

buried after the blast, This sug~estion is being considered.
~
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Inspection of the damaged tower base, which was looa%ed at the olose dis==

tance of 100 feet from the gadget, leads one to conclude that it is possible to build

underground skruai.ureswhich might be expected

detonation of a gac%et~ This is borne out by

which wzisoriginally underground, was, despite

essentially intaot, and further, that the four

to withstand demolition by nearby

the fa~t that the position of the ba8e~

fissures and spoiling of the concre%ee

tower bs.seswere sunk by tho blast

approximately the same amount. It oan be conoluded on the basis of damage to Trinity

sh.elters~that any reasonably strong struoture~ ioe~~ heavy earth shelter, such as the

lC),000.ydstructures at Trinity, would be expected to be safe for human ocou&.nto

directly under the gadget in case ofa oomparati~ely di.stn~tair burst ( w2000 feet)

suoh as used over Japano On thisbasis it appears possjble to provide shelter for human

beings at a distance of 1500 feet, whioh can be oxpecte,dto withstand an air bUr8t

extremdy alose to the groundo From this it appears that a shelter

whioh would make it possible for human beings to survive within 500

This guess is based on the appearance of’tb.etower bases which were
.

from the bomb. This does not apply to bombs buried in the earth.

could be designed

feet of the bomb,.

only 100 fe9t from

Suggestions for future test8—...

Zf in any fi~turetests of nuclear bombs it is decided to mount the bomb cm

a tower, as at Trinity, the earth movement might be studied more adequately if steel

stakes three inohes in diameter and five feet long were used as earth movement iuar!cers.#

Geological samples should be taken in tho viainity of the shot and.tested with respect

to density and strength. In connection with the eff~ctiveness of’air-burst bombs

against sub-surface installations~ markers should be buried at various dist%noes from

the shot and their location carefully noted both before and ai’tert!letest. It might

be well to test the conclusions stout sheltering human beings in the neighborhood of

the blast by constructing experimental she].ter8containing test animals, in case it is.

● deoided to make a test of another gadget, In addition, v - es simulating
.
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sub-surface installationsmight well be placed underground at several distanoes~

In the Trinity test it was found that areas (at greater di.stanoesthan

150 feet from the gadget) surfaced by raaoadamwere not broken up by the explosion

and drawn into the rising cloud as dusto

Since the dust is undesirable first in that it interferes with nuolcar

measurements asd soco]).din tbt it presents a haznrd as a radioactivity carrier which

precipitates from the cloud at a later time, suoh coating of the ground would appear

to be extremely usefu10 If the bomb were plaoed on a tower about 250 feet high and

the ground were ooated by macadam it seems roasonablo to tsxpm~ that the quantity of

dust raised would be negligible.

.

●
✎
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Fi~o 3. I’ernmnont-earth-movementstakes.
‘l%esestakes were initially buried at 250 and 300 fk~ from the oedxr
to “withinhalf inoh of the top. ‘whenreoovered the sttakeswere

exposed to tho depth indicated by the aoating of fused earth._ _ —. .- — X .—_ ----.——

Fi
Th

1

I

. —.

& 40 The Ccxdxm of the Crater.
—.

ieciistanoobetween the tower base stumps is 48 ft~~8 inoheso
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