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GEOLOGIC INVESTIGATIONS RELATED TO NUCLEAR EXPLOSIONS

GEOLOGIC EFFECTS OF THE HIGH-EXPLOSIVE TESTS IN THE USGS
TUNNEL AREA, NEVADA TEST SITE

By J. M. Carrermore and W. R. HanseEN

ABSTRACT

During the winter and spring of 1956-57 the U.S. Geological
Survey ran a series of underground high-explosive tests at the
Nevada Test Site. The purpose of these experiments, and of
the subsequent relatively low yield Rainier nuclear blast, was to
determine the feasibility of underground detonation as a method
of testing atomic devices. In developing parameters for the
effectiveness of various-sized explosions in rock, the following
formula relating to depth of containment was used :

D=kvW

where D= depth of cover, in feet
k=constant
W= weight of explosive in pounds.

Although this formula has limitations, its use provides a good
empirical basis for estimating the probable behavior of a given
underground explosion.

The USGS Tunnel consists of a main access-way 308 feet long
and two lateral tunnels oriented at right angles to the main
tunnel and terminated in explosion chambers, rooms A and B
(10-ton and 50-ton explosion chambers, respectively). The work-
ings were dug in tuffaceous pyroclastic rock of the Oak Spring
formation of Tertiary age. This rock, which is rhyolitic to
quartz latitic, consists chiefly of altered ash shards and pumice
fragments but contains various phenocrysts of quartz, feldspar,
and mafic minerals, and lithic inclusions. The rock is tunneled
easily and generally stands well underground without support.

Several small explosive charges of various sizes were fired in
drill holes at various depths in the Oak Spring formation.
These charges gave values for &k in the formula that ranged
from 2.45 to 3.33.

The 10-ton explosion was fired in room A on February 21, 1957,
under 92 feet of minimum cover. A roughly oval area covering
about 3.700 square feet was permanently raised 1 foot or more
above its former position, and a subcircular area of nearly
12,000 square feet was lifted half a foot or more. Numerous
fractures that were opened at the ground surface coincided
chiefly with preexisting natural fractures. An instant after
the shot was detonated, a horizontally directed blast of gas, dust,
and rock emerged at high velocity from the portal of the tunnel.
Underground, part of the wall of the explosion chamber had
failed, permitting the gas generated by the explosion to bypass
the stemming. The explosion chamber itself was greatly en-
larged by the blast.

The 50-ton explosion was fired in room B on April 5, 1957,
under a minimum of 165 feet of cover. This explosion tem-
porarily updomed the ground surface above the chamber about
26 feet and permanently lifted it locally as much as 6 feet.
The area strongly disturbed by the blast covers about 12,000
square yards and is roughly triangular in shape. Most of the
strongest surface displacements were along preexisting frac-
tures, but many surface fractures were formed within previ-
ously sound rock. Within 200 feet of ground zero the fracture
pattern in previously sound rock was radial. Underground, the
rock was severely fractured around the explosion chamber and
the tunnel was closed by debris, Subsequently, entry to the
chamber was reestablished, but most of the debris was not
removed.

As classed by their surface and underground effects, the 10-
ton and 50-ton explosions were not fully contained. The &k
factor for containment of the 10-ton shot is calculated as 3.7,
and 9.3 tons of 60-percent gelatin dynamite would be the amount
for exact containment. The k factor for containment of the
50-ton shot is calculated as 4.1, and 38.2 tons of dynamite would
be the amount for exact containment.

INTRODUCTION
PURPOSE OF THE HIGH-EXPLOSIVE TESTS

In the summer of 1956 the U.S. Atomic Energy Com-
mission requested information and advice from the
U.S. Geological Survey about the feasibility of ex-
ploding nuclear weapons underground. Underground
testing of nuclear devices was being considered as a
means of averting the detrimental effects of above-
ground blasts, such as radioactive fallout, shock and
flash, and as a means of circumventing the time restric-
tions imposed by rather rigid weather requirements of
aboveground tests. After a study of the available
literature on the geologic effects of explosives, the
Geological Survey proposed that a series of tests with
conventional high explosives precede any nuclear ex-
plosion underground. The Atomic Energy Commis-
sion agreed, and a site later to be known as the USGS
Tunnel area was chosen in the Atomic Energy Com-
mission’s Nevada Test Site about 70 miles northwest of
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Las Vegas, Nev. Work on the USGS Tunnel was
started in December 1956, and by late February 1957,
the tunnel and two explosion chambers were virtually
complete.

The Atomic Energy Commission desired that the
underground nuclear explosion would be contained to
the extent that no radioactive contamination would
escape from the explosion chamber through fractures
in the rock into the atmosphere. To develop a scale
for the depth of burial necessary for containment of
nuclear explosions and to establish parameters of value
in forecasting the behavior of rocks in nuclear ex-
plosions, 10 and 50 tons of dynamite were exploded in
chambers in the USGS Tunnel under carefully assessed
geologic conditions. Subsequently, the first under-
ground nuclear explosion—the Rainier test—was fired
in September 1957.

The Rainier nuclear explosion, with a rated yield of
1.7 kilotons of TNT, was a small-scale test by atomic
standards. Together with the high-explosive tests in
the USGS Tunnel, the relatively low yield Rainier nu-
clear explosion established the feasibility of under-
ground detonation as a method of testing atomic
devices. Since this report was first prepared (June
1957), several devices of larger yield have been fired
underground.

In the United States, many formulas for the effects
of explosives have been based on the cube of the
distance, or upon the cube root of the weight of the
explosive. Peele (1918, p. 190) gives the formula
c =§—: in which C'=rock coefficient; 1=1line of least
resistance, in feet; P=weight of powder, in pounds.
Du Pont de Nemours & Co. (1954, p. 133) for sympa-
thetic detonation of explosives above ground gives the
formula d=%w 14, in which d=distance; 2=a constant
proportional to the sensitivity of the explosive; and
w=weight of the explosive. Livingston (1956, p. 3)
for dissipation of an explosive into the solid without
visible damage to the surface gives a formula
N=F \’/W:, in which & is the critical depth, in feet; I
is the strain-energy factor; W, is the critical weight
of the explosive, in pounds.

To develop parameters for the effectiveness of
various-sized explosions in the Oak Spring formation—
the rock in which all the tests including the Rainier test
were fired—the following formula relating to depth
of containment was used :

D=kYW or D=12.6 kW,
where D =depth of cover, in feet
%k =constant
W =weight of explosives, in pounds
W,=tons of explosives.
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The limitations of the formula should be pointed out.
The constant % is affected by such factors as specific
gravity, compressive and tensile strength of the rock
involved, extent and orientation of rock fractures, faces
to which the explosion may break, speed of trans-
mission of the shock waves, and type of explosive.
Many of these factors and the interaction between them
are themselves variables of unknown quantity, and thus,
a value for % obtained from a series of tests at one site
might differ appreciably from the value obtained else-
where under apparently similar conditions. Even so,
such tests provide the best basis for estimating the prob-
able behavior of a given underground explosion.

PURPOSE OF THE REPORT

The following report describes primarily the geologic
effects of the high-explosive tests on the rocks of the
USGS Tunnel area and reports the influence of geologic
features on the behavior of the tests. Various other
explosion effects, such as seismic effects, were also ob-
served and measured by the U.S. Geological Survey
and will be described separately by other authors. The
geologic effects of the Rainier atomic test are also de-
scribed separately.
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METHODS OF STUDY

Before the high-explosive tests in the USGS Tunnel
were run, the geology of the tunnel and of the en-
closing area—about 20 acres—was carefully mapped.
The surface geology (pl. 1) was mapped by W. R.
Hansen and R. W. Lemke at a scale of 50 feet per
inch, using telescopic alidade and planetable and
ground control previously established by Holmes and
Narver, AEC engineering contractors. Warren L.
Peterson was instrumentman for most of the planetable
work. The underground geology was mapped by J. M.
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Cattermole at a scale of 10 feet per inch, using steel
tape and control by Holmes and Narver, supplemented
by planetable and alidade. In mapping underground,
Cattermole used projections of both walls and the back
(ceiling). In these projections (pls. 2-4) the center
strip is the plan of the back; the two strips adjoining
the plan are profiles of the walls rotated outward to the
horizontal plane along the line that joins the top of the
walls to the back. In mapping before the explosions,
the tunnel was assumed to be rectangular; where the
tunnel departed from a rectangular shape, the mapped
features were projected into the plane of the assumed
rectangle.

Cattermole conducted a series of tests to determine
-experimentally the value of the % factor in the formula
for depth of containment. Measured amounts of dyna-
mite were exploded in drill holes of different depths to
establish the ratio between weight of explosive and
depth of rock cover required for containment.

After the large explosions (10-ton and 50-ton) both
the surface and the underground were reexamined, and
all significant changes were noted and mapped. Sur-
face effects of the 10-ton explosion (fig. 1) were mapped
by planetable and alidade at a scale of 20 feet per inch
by Lemke, Peterson, and Hansen. Surface effects of
the 50-ton explosion (pl. 5) were mapped by Hansen
at a scale of 50 feet per inch, using a planetable, steel
tape, open-sight alidade, and previously established
control. The underground geology was remapped by
Cattermole at the original scale. Peterson was instru-
mentman and helped in the postshot mapping.

Precision ground surveys for horizontal and vertical
displacement were run by Holmes and Narver before
and after both explosions along radiating traverses cen-
tered over both explosion chambers. Underground
surveys also were run before and after both explosions.

Unless otherwise credited, all photographs repro-
duced on the following pages, both above and below
ground, were taken by Hansen.

LOCATION, DIMENSIONS, AND DESIGN OF THE
TUNNEL

The USGS Tunnel is located in the northwestern
part of the Nevada Test Site in the Tippipah Spring
quadrangle about 40 road miles from Camp Mercury,
Nev. The main access tunnel, oriented N. 22° E., is 308
feet long. Two lateral tunnels oriented at right angles
to the main tunnel terminate in the explosion chambers,
rooms A and B. Room A was designed to hold 10 tons
of high explosives and room B, 50 tons. Figure 7 is a
plan of the tunnel (preshot) showing the layout of the
workings and the position of the stemming used to con-
fine the blasts.
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Room B was designed to be self sealing; the stem-
ming was largely precautionary. The lateral tunnel to
room B was turned back upon itself so that the force of
the explosion would close the tunnel by driving a mass
of rock from the wall of the explosion chamber into
the tunnel. This design duplicated in principle the
design proposed and later used for the Rainier atomic
explosion (Johnson and others, 1958, p. 8).

Specifications called for the tunnels to be 4 feet wide
by 6.5 feet high; room A to be 5 feet wide, 8 feet long,
and 8 feet high; and room B to be 11 feet in all 3
dimensions. Because of overbreakage, the excavated
dimensions were somewhat irregular. Room A was in
effect as specified; but room B was about 12 feet wide
west to east, about 12 feet high, and about 14 feet long
north to south. Room A had a vertical rock cover of
123.4 feet, but the shortest distance from the center of
the room to the ground surface, owing to topographic
configuration, was 92 feet. Room B had 174.1 feet of
vertical cover, and the shortest distance to the ground
surface was 165 feet.

GEOLOGIC SUMMARY (PRESHOT)

The geology of the area has already been described
by Hansen and others (1962), and therefore will be
summarized but briefly here. The area is underlain by
the Oak Spring formation (Johnson and Hibbard,
1957, p. 367) of late Miocene(?) or younger age, a se-
quence of tuffaceous pyroclastic rocks. In the nearby
Rainier Tunnel area, about 2 miles to the west, the
Oak Spring formation is divisible into 8 map units
that are identified by number. Only units 2, 3, and 4
crop out in the small USGS Tunnel area (pl. 1), but
lower and higher units occur in the slopes nearby.

The tuff at the USGS Tunnel has a rhyolitic to
quartz-latitic composition. It consistschiefly of devitri-
fied ash shards and pumice lapilli, but it contains
phenocrysts of quartz, feldspar, and biotite, and more
rarely, pyroxene and amphibole. It also contains lithic
inclusions of various volcanic and sedimentary rocks,
notably quartzite. It has a low bulk density and a
corresponding high porosity, but its permeability is
low. The water content of the rock is as much as 15
to 25 percent by weight in fresh samples. The rock can
be drilled and blasted easily and stands well under-
ground without support; the only timbering in the
tunnel before the high-explosive shots was at the portal
(fig. 18) and at station 2+65 in the main tunnel in a
zone of heavy ground caused by a fault.

Within the tunnel area the structure is homoclinal.
The beds dip mostly to the northeast, generally at angles
of less than 15°. Local departures from the general
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F1GURE 1.—Pattern of fractures opened by 10-ton explosion, USGS Tunnel area.
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tensile forces may break the rock well beyond the zone
of compressive breakage. Theoretically, the zone of
tensile breakage would be a spherical shell surrounding
the inner zone of compressive breakage, but tensile
breakage rarely develops in true spherical shape. The
reason for this is the influence that the degree of con-
finement, or latitude of movement, exerts upon breakage
resulting from tensile stresses. If the magnitude of
an explosion in relation to the depth of burial, or
distance to a free face, 1s such that the stress exceeds the
tensile strength upon intercepting a free face, break-
age results on the free-face side where there is latitude
of movement. For any area where the stress decays
below the tensile strength before reaching a free face,
the physical properties of elasticity or compressibility
within the media will determine the tensile breakage.

Tensile fractures are of two kinds—those parallel to
radii (fig. 34) and others oriented in a circular pattern
with center coinciding with the explosion point. The
tensile fractures parallel to the radii are the indirect
resultant. of the originating compressive wave, which,
as it moves outward from the explosion center, is in
effect a radial outward movement of the surrounding
mass. Within the mass internal tensile stresses that
act parallel to the direction of the ares tend to separate
the mass into wedge-shaped components. The con-
centric tensile fractures are opened upon rebound of the
rock, and since rock rarely has equal strength in all
directions, a preferred orientation is imposed upon
these fractures. In sedimentary rocks this orientation
generally is along bedding planes.

With an increase in explosive force to that at which
the tensile strength is exceeded at a bounding limit of
the medium, a mass is permanently displaced outward
beyond the free face. The shape of this mass, as indi-
cated by the tests, is conical with base at the free face
and vertex toward the explosion center (fig. 38). This
explosion cone may deviate from a true cone by either
convexity or concavity of the wall. Except for the
vertex which may be in the zone of compressive break-
age, the mass within the cone is broken up by tensile
fractures. Within the cone the concentric fractures
cause doming over the shot point, and a second set of
fractures radiate from the axis of the cone. Figure 4
illustrates a small fully contained explosion in which
the zone of compressive breakage is apparent, but
tensile breakage is slight and entirely confined to a
cone-shaped area where the free face provided latitude
of movement.

Upon additional increase of the force of the ex-
plosion the cone of tensile breakage becomes a cone-in-
cone structure—a hollow outer cone of tensile breakage
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with the rock in place surrounding an inner cone of
disruption. The small tests for containment indicated
that the angle subtended by the cone of disruption and
the surrounding cone of tensile breakage is increased
with increase of force. These tests also indicated that
the vertex of these cones in relatively low energy ex-
plosions is between the explosion center and the free
face (outside the zone of compressive breakage), but
in increasing higher energy explosions the vertex is
closer to, and finally coincides with, the explosion
center (fig. 3C).

If the zone of breakage intercepts more than one free
face, the shape of the broken mass is influenced. Also,
the force of gravity cannot be neglected, especially in
reference to the final shape and the boundary between
cone of disruption and the cone of tensile breakage.
As far as could be ascertained by the tests, dimensions
and configuration of the enclosing medium do not exert
much influence on the size or shape of the zone of com-
pressive breakage.

With so many factors influencing the amount, degree,
shape, and limits of breakage resulting from a given
explosion, it should be readily understood that any at-
tempt to determine forces of explosions by direct com-
parison of the breakage of a fully contained explosion
to one that fractures, or craters, is meaningless.

In the tests for containment the effects of explosions
were arbitrarily divided into four categories:

1. No surface effects on rocks. One contained ex-
plosion was exposed by careful excavation (fig. 4) so
that the effects below the surface could be observed.
The hole around the charge was expanded to about -
three times the original diameter. The rock for a
distance of about a foot surrounding the expanded hole
was minutely fractured.

2. Incipient fracturing. Hairline cracks develop
along planes of weakness, such as joints or bedding
planes, but there is no open fracturing.

3. Fracturing. The surface is openly fractured in a
definite pattern, but few blocks are out of place or
jumbled. Surface doming over the shot point is ap-
parent. Bordering fractures, in general, dip in toward
the shot point. Above the shot point is an area in
which the fractures are mainly radial. The focal point
of the radial fractures (axis of cone) is the area of
maximum breakage, and under most conditions it is
the point on the surface closest to the shot.

4. Cratering. A cone-shaped crater is developed
with broken material thrown out by the force of the
explosion. The depth and width of the crater have a
direct relation to the force of the explosion. An ex-
plosion underenergized for complete cratering has the
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F1qURE 20.—Canted outline of tunnel between stations 24-67 and
24 84.

the tunnel by movement of the walls, floor, and back.
The upper part of the tunnel was pushed westward
more than the lower part so that the outline of the
tunnel, where preserved, was canted (fig. 20). Between
stations 2+ 67 and 2+ 84 the upper part of the tunnel
was in a moderately strong fine-grained bed of red tuff,
but the lower part of the tunnel was in a gray tuff grit
composed of 14- to 14-inch fragments in a fine claylike
matrix. This bed of grit was deformed like plastic,
and, relative to the walls above, was squeezed inward
from both sides (fig. 20). The back was minutely
fractured, and the floor was raised as much as 1.5 feet
above grade.

The barricade between stations 8-+05 and 3+ 52 had
been expected to be tightly compressed by direct force
of the airblast, but when the corner at station 3+05,
was reexcavated, a strong natural ventilation of the
tunnel was established. The direction of air circula-
tion changes with atmospheric conditions—blowing in-
ward from the portal toward the explosion chamber
under some temperature and wind conditions, and out-
ward from the barricade toward the portal under other
temperature and wind conditions. The velocity of this
alr circulation and the reversal of directions of flow is
indicative of very low resistance to the passage of air
through the broken zone between the shot chamber and
the surface.

During tunnel construction, a tugger station was
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excavated in the west wall of the main tunnel at station
3+05. Before the blast this tugger station was alined
with the centerline of the east lateral (pl. 4) ; after the
blast it was 2 feet north of the alinement.

As a means of establishing relative movement of
different parts of the tunnel, a series of steel rods 30
inches long had been set in pairs—one in the back di-
rectly over one in the floor. Table 2 shows preshot and
postshot positions.

TABLE 2.—Preshot end postshol reference points

[Position after shots is given in feet with reference to centerline]

Post shots
Preshots

Floor Back

Station Position Station | Position | Station Position

-| 0.25 west of center- |_._
line.

0.656 west.

Twisted, 2.3
west.

2.4 west.

In addition, a point above the bedding plane between
bed 21 and bed 22a at station 1+ 78 moved 2.2 feet south
and 0.5 foot west in relation to a point in the wall below
that bedding plane. At the northwest corner of station
2-+00 the roof block above bed 21 moved 3.1 feet south-
west ; again, the block above bed 21 that was raised and .
shifted by the 10-ton explosion was shifted farther by
the 50-ton explosion.

A postshot resurvey of the centerline of the main
tunnel shows that from stations 2+44 to 2+82 the
east tunnel wall was pushed westward beyond the
centerline, and that the north wall of the east lateral
was pushed south beyond the centerline.

In preference to cleaning out the old east lateral, the
main tunnel was extended northward to station 3+23
north and a new lateral was driven eastward to the
explosion chamber (pl. 4). The newly excavated
ground was firm and very little disturbed. Fifty-eight
feet east of the turn at station 3-+23 north the new
lateral reached broken ground and at 62 feet east of
station 3-+23 it broke into the explosion chamber (face
I, pl. 4). This chamber is tightly filled with a rubble
of broken rock. Two or three faces of many of the
larger blocks are slickensided by the explosion. On
one block a slickensided face cuts another slickensided
face approximately at right angles, indicating that
there had been two stages and directions of movement.
A block of red tuff, from the portal bed, bed 20, meas-
uring 6 by 6 by 14 feet, was dropped about 20 feet below
its original stratigraphic position. Blocks of rock
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several feet across were driven into the wall or into
other rocks. Dangerous conditions prevented any
additional work in the explosion chamber.

At a point 40 feet east of station 3+23 north in the
new lateral a short drift was driven southward to the
old lateral. The old lateral had moved 6.5 feet south
of its originally surveyed position (pl. 4), and an open
space, 1.5 feet wide, 5 feet high, and at least 7 feet deep,
separated the north wall from the clay bags. The clay
bags were blackened by powder smoke; and although
they contained fly rock fragments, no signs of great
compression were apparent.

Two raises were put up from the new east lateral;
raise T at station 0+40 northeast, raise IT at station
3+23 north (pl. 4). In raise I a rubble of broken
rock was found 12 feet above grade; in raise IT similar
material was found at about 30 feet. Indications were
that this rubble was not merely on a plane along which
the rock had been broken by shattering, but represented
the base of a large mass of broken and displaced rock.
The position and height of the raises indicate that the
base of the broken 1ock dips about 80° toward the ex-
plosion chamber and that the contact between broken
and undisturbed rock should appear in the explosion
chamber at the floor of the new east lateral at face I;
this, however, it does not do. Tt seems probable, there-
fore, that the zone of brecciation was controlled to some
extent by bedding planes, a fracture following a bedding
plane for a distance then breaking upward steplike
across bedding to a higher plane.

The amount and direction of movement and fractur-
ing underground cannot be measured or evaluated by
simple calculations. The workings accessible to ob-
servation clearly show that large quantities of rock
moved en masse away from the shot point. Within the
mass, movements were differential from one point to
another. Fairly well substantiated observations are
summarized as follows:

1. The rock in the area close to the explosion
chamber and along zones of weakness at greater
distances was minutely fractured. These are zones in
which the compressive forces of the explosion trans-
mitted into the rock exceeded the compressive strength
of the rock; the mineral grains are crushed and tele-
scoped together.

2. The zones of minutely fractured material in the
main tunne] are along preestablished planes of weak-
ness, but they may also mark the boundary of a body
that moved en masse.

3. Open fractures exist mmnly outside the zone of
compressive breakage, where the transmitted compres-
sive forces were less than the compressive strength of
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the rock. In such situations the compressive forces of
the explosion displace the rock outward ; upon rebound
the tensile strength of the rock is exceeded and open
fractures result.

4. The lifting of a block, such as that above the
bedding plane between beds 21 and 22a, likely results
from the lifting action of the shock wave.

The estimated volume (and tonnage) of rock broken
and displaced by the 50-ton explosion is:

Cubic yards Tons

Sphere of crushed rock__._________ 4, 200 5, 880
Cone of broken and displaced rock- 55,800 77,120
Cone of severely fractured rock._._. 490,000 680, 000
Total o 550, 000 763, 000

The overall volume damaged by the explosion, indi-
cated by the outer limits of fracturing, is an irregularly
shaped block of about 900,000 cubic yards (1,250,000
tons).

CONTAINMENT OF THE 10-TON AND 50-TON
EXPLOSIONS

As classified by their surface and underground ef-
fects, the 10-ton and the 50-ton explosions at the U.S.
Geological Survey site cannot be considered as con-
tained explosions. The 10-ton shot is considered as
intermediate between incipient and fractured, and the
50-ton shot is considered as fractured. In both tests a
value of £=3.6 in the formula D=12.6k VW, was used
to determine the amount of dynamite to be used in rela-
tion to the depth of rock cover over rooms A and B.
The resulting differences in the degree of breakage and
fracturing between the 10-ton and the 50-ton tests
substantiates the theory of the authors that for exact
containment of an explosion the value of % must
increase with increased depth of rock cover.

The results of the 10-ton and the 50-ton shots were
almost duplicated, at a smaller scale, in a number of
the tests for containment of small explosions. In the
comparable smaller tests, the % factors were broken
down by degree of surface breakage into &; (=% of test
that fractured) and %. (% of test fully contained but
with incipient fracturing). Comparing the %; and %,
values of these small tests to the results of the 10-ton
and 50-ton explosions the authors believe that the
correct k. value would have been 3.7 to determine the
amount of dynamite in room A, and k.=4.1 for the
amount in room B. The computation follows:

The depth of rock cover over room A was 123 feet
vertically, or 92 feet shortest (slope) distance to the
surface.
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The depth of cover to the point of maximum break-
age was about 98 feet: 98=12.6 - 3.7V W, - W,=9.3
tons of 60-percent nitroglycerine gelatin dynamite for
exact containment in room A.

The depth of rock cover over room B was 174 feet
vertically, or 165 feet shortest distance to the surface.

The depth of cover to the point of maximum break-
age was 174 feet: 174=12.6 - 4.1YW, - W,=38.2
tons of 60-percent nitroglycerine gelatin dynamite for
exact containment in room B.

The original intention of the high-explosive tests
was to use TNT as the explosive because the energy of
nuclear blasts is generally rated as an equivalence of
tons of TNT, and a direct comparison of the high-
explosive tests to nuclear tests would be possible. The
plan to use TNT was changed at a later date and the
60-percent nitroglycerine gelatin dynamite substituted.
This decision precludes the possibility of a direct com-
parison of these high-explosive tests with nuclear tests
that are rated in terms of TNT. A preferable choice
would have been 50-percent straight dynamite, for its
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energy is equal to that of TNT. An additional geo-
logic factor to be considered in developing a scale of
the effects of underground nuclear blasts is the wide
variation of effects each type of explosive produces in
different kinds of rock.
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