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ABSTRACT 

:!!!!: • • 

A study «ms made to determine the physical dimensions of the craters 
and lips resulting from the subsurface and surface explosions* Soil 
samples vere taken to establish the characteristics and properties of 
the soil within the anticipated underground shot crater area. Topo¬ 
graphic surreys were made before and after the blast of the areas / 9 9 
surrounding the xero points and quantities of earth moved were estimated. 
An attempt was made to estábil an the "true" crater depth resulting from 
the underground shot by measuring the amount of radioactive contamination 
which obtained from the surface to a depth of two feet. 

• • 

• • 
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SECTION 1 

1.1 GENERAL 

INTRODUCTION 

Estimates have been made of the crater effects that can be 
expected from detonation of atomic explosives below the surface of 
the earth by extrapolating from the results of other high energy explo¬ 
sives. These estimates have necessarily been very approximate due to 
the lack of sufficient data at various energy levels to provide for 
normal extrapolation techniques. Theoretical studies at present have 
not resulted in sufficient correlation with high explosive tests to 
allow for an accurate estimate of the results of atomic explosions. 

The effects from an atomic explosion are those due to nuclear and 
thermal radiation, energy transmitted through atmospheric waves, and 
energy transmitted through ground waves. Actual distribution of energy 
in atmospheric and ground waves will be affected by the amount which is 
lost in rupture and cratering. As this fraction is increased there will 
be some proportional decrease of the energy transmitted in ground and 
atmospheric waves. Therefore, a knowledge of the dimensions of the 
crater and lip can be employed in calculating the energy distributed 
in the atmospheric and ground waves. 

The craters' dimensions are determined by making accurate topo¬ 
graphical surveys of the anticipated crater areas, and similar surveys 
following the explosion employing usual surveying techniques. Because 
of the radiation hasards existing for some time following the explosions, 
probing to establish the craters' true depths was not possible. 

1.2 THE SITE 

The area from which the samples of soil for this project were 
taken is a broad basin rimed with mountains ranging from 2000 to 4000 
feet above the lowest points of the valley. The soil of the basin con¬ 
sists of an alluvial deposit which is poorly sorted and has more or less 
consolidated. Fairly strong winds in the area have covered portions of 
the basin with layers of fine sand and silt size particles. Vegetation 
in the area is sparse and is principally sagebrush. 

- 1 - 
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The soil, to the depths examined in this project (i85)feet)» i-3 
dry and granular. There is no apparent stratification but rather the 
mass is heterogeneous containing pockets or lenses of caleche, coarse 
grained, and extremely fine sand. It developed that the soil could be 
excavated with vertical walls to a considerable depth indicating that 
the particles are cemented together, or that the grains interlock, 
because of their shape, to produce a stable mass. Since the soil was 
dry it is believed that the latter is the primary reason for its 
stability, 

1.3 OBJECTIVE 

The objective of this project was the determination of the physical 
characteristics of the craters and lips formed by the deterioration of 
surface and subsurface atomic weapons. From measurements establishing 
these dimensions and soil data obtained from the sampling and testing 
of the soils in the anticipated crater areas, calculations were to be 
made in the amount of material ejected and deposited on the lips and in 
the immediate vicinity. 
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Fig. l.U Original around Surface 
Vicinity Ground Zero - Surface Shot 
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Fig. 1.7 Pattern of Radiation Level Measurements 
Underground Shot 
Not to Scale 
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SECTION 2 

EXPERIMENTAL PROCEDURE 

2.1 THEORETICAL CONSIDERATIONS 
..——a— M 

Experimental «cric conducted on a model scale has indicated that 
the site of the crater produced by buried charges has been relatively 
insensitive to the type of soil. Fundamentally, however, it is believed 
th*t the amount of cratering which can be expected is directly related to 
the shearing strength of the soil in which the explosion occurs. The 
sudden release of energy upon detonation causes forces, the effects of 
which are not completely understood but which are undoubtedly related to 
the dynamic stress-strain properties of the soil. When a buried charge 
is exploded there are shearing components of the resulting forces along 
some curved surface which are greater than the shearing resistance of the 
soil. At some distance from the detonation these are still of such a mag¬ 
nitude that they cause rupturing and displacement of a mass of soil. The 
location of this surface was sought in this project but it was not to be 
expected that this surface would be clearly defined because the random 
nature of the soil would cause a variation in the velocity of travel of 
compression waves. 

The problem of theoretically predicting the extent of the expected 
crater does not lend itself to ready analysis because all the factors 
governing its formation are not clearly understood. Estimates of the 
sise of the anticipated crater have been made based on empirical formulae 
developed in the study of high explosive detonations. Whether or not 
these formulae are valid for use in analysing nuclear explosion effects 
is still open to question. 

2.2 PROCEDURE 

To obtain soil samples for examination and laboratory analysis 
14 holes were bored within the anticipated underground shot crater area. 
The logs or records of these borings were examined for similarity and 
samples from eight holes were selected as representative of the entire 
number and retained for examination. The holes were bored on radii 
approximately 45° apart and spaced at 50 feet, 100 feet, 200 feet and 
300 feet from ground sero. Samples were taken at every 10 feet of depth 
and the depths of the holes varied from 100 feet at the 300 foot distance 
to 185 feet at the 50 foot circle. 

- 10 - 
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It was hoped before the program was begun that undisturbed samples could 
be obtained for test purposes, but the dry granular nature of the soil 
obviated this possibility. A method was employed, therefore, whereby 
the hole was advanced to the desired depths by augering and washing and 
the samples were recovered by driving split tube samplers into the soil 
under the action of a falling weight. Thus the samples so obtained were 
classed as disturbed and were remolded for use in the direct shear tests 
for shearing strength determinations. After direct shear testing, the 
samples were used for specific gravity determinations and mechanical 

analysis. 

Field or in-place densities at selected locations within the 
anticipated crater area were measured at depths of 2 feet, 3 feet, U feet, 
10 feet and 15 feet. 

It was planned that topographic surveys of the areas would be 
made following completion of the construction program. It was found, 
however, that the building activity within the areas did not appreciably 
change the terrain configuration. Accordingly, use was made of a topo¬ 
graphic map already prepared by the Corps of Engineers, portions of w^Aich ' 
are included as Figures 1.1 and 1.4, to show the practically constant 
slope of the areas. Following the explosions accurate surveys of the 
resulting crater and lip areas were made for purposes of estimating the 
quantities of earth moved. Unfortunately, these surveys had to be delayed 
until the degree of radioactivity of the areas was such that personnel 
could work in the areas a reasonable length of time. The contamination 
also precluded the determination of the true crater depths by probing. 
During the time between the explosions and the surveys the area was 
exposed to the elements and the surface soil was blown about by wind 
and consolidated by rain and snow. Vihile the extent of such disturbance 
is not known it was believed to be sufficient enough to make probings 
for true depth determinations unreliable. Accordingly, it was decided 
to attempt to ascertain the true depth of the crater (resulting from 
the underground shot) by measuring the degree of radioactivity of the 
soil at depths of 3 inches, 6 inches, 12 inches and 24 inches from the 
crater surface. This decision was based on the assumption that all soil 
ejected (the true volume) would be exposed to radiation and that falling 
back into the hole would remain contaadnated. In effect the purpose was 
to establish the presence of a "radioactive gradient" from the surface 
to the true depth. The efforts were not particularly successful, however, 
as the amount of contamination of the soil at depths below 12 inches 
remaining at the time of the measurements was very minute. These measure¬ 
ments of contamination were made by NRDL personnel in connection with NKDL 

projects. 



Sime:: 3 

RESULTS 

3.3. SUKtMARY 

Direct shear measurements of the angle of internal friction of 
the soils tested indicated a maximum 0 value of 58° and a minimum of 
37° with an average of 51°, 

Typical field densities obtained by the calibrated sand method 
at the various levels were as follows: at a depth of 2 feet, 85 lbs/ 
cu ft; at 3 feet, 102 Ibs/cu ft; at 4 feet, 94 lbs/cu ft; at 10 feet, 
97 lbs/cu ft; and at I5 feet, 88 lbs/cu ft. 

The lowest absolute specific gravity of the soil tested was 2.40 
and the maximum was 2.74. An average value for all soils tested was 
2.56. 

Maximum depth of the crater resulting from the underground shot 
determined by the topographic survey was approximately 53 feet as 
measured from the original ground surface. The maxima height of lip 
above orginal ground surface was 8 feet and the width of the crater 
was approximately 258 feet. 

Maximum depth of the crater resulting from the surface shot was 
approximately 17 feet and the height of the lip was 5 feet above original 
ground surface. The width of the crater was approximately 90 feet. 

The volume of the crater resulting from the underground shot 
was 36,025 cubic yards and the lip volume was 5980 cubic yards. These 
volumes represent approximately 45,000 tona and 7500 tons of earth 
respectively, based on an average unit weight of soil of 93 lbs/cu ft. 

The surface shot crater volume amounted to 1825 cubic yards and 
the volume of earth which comprised the lip was 450 cubic yards which 
represent approximately 23OO tons and 565 tons. 

Figure 1.2 is a contour map of the crater and lip areas resulting 
from the underground shot and a profile or cross-section on an east-west 
line across the lip and crater taken at the crater's deepest point is 
shown in Figure 1.3. Figure 1,3 is a contour map of the crater and lip, 
reoulting from the surface shot and Figure 1.6 is a profile taken across 
the crater's deepest point on a bearing of NÓS0 30'W. 

The results of the measurements taken to determine the presence of a 
radioactive gradient in the soil on the sides and in the bottom of the 
crater resulting from the underground explosion are given in Table 3.1. 

shown^n^igure^ 137 locatio:i3 in whlch these measurements were taken is 
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