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dhis report describes a preliminary study of the use of chemical high explo-
sives in support of anticipated lunar base activities. The introductory sections
present a brief summary of terrestrial chemical high explosives state-of-the-art
in the lields of excavation, quarrying, mining, tunneling, shallow-hole drilli
and seismic surveying. Explosive excavation is described through discussions o
explosive excavation principles, explosives and their properties, methods of
charge emplacement and firing, and phenomena and methods of predicting magnitudes
of the potentially harmful explosion side effects of ground motion, airblast, and
missile (ejecta) throwout. /

Based on known and assumed properties of the moon and its environment, a
preliminary theoretical study indicates that terrestrial modeling of lunar explo-
sion craters is possible at one-six scale in chambers evacuated to about 30 mm
Hg or at full scale by subsequent mathematical adjustment of ejecta ranges, pro-
vided an accurate lunar crust model can be constructed. Analyses show that blast
waves formed by expanding explosion gases represent no serious hazard in lunar
blasting and that missiles (ejecta) will be thrown at least six times farther
on the moon as on earth. Current terrestrial ground motion predictive methods
are suggested as first approximations to lunar ground motion effects of subsurface
explosions. The various elements and suggested techniques of designing lunar
explosive excavation pr jects are discussed. Some applications of explosive
excavation techniques are suggested for personnel protection, engineering support
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Fig. 23. Dimensional data for single- and row-charge craters.
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training scheme as [« hand-held drills
except that stability will be greater and
intimate contact with moving parts should
be substantially reduced

The requirement for hole springing
for construction and other cratering type
operations will depend on hole size,
acceptable charge length-to-diameter
(L./D) ratios, and explosives character-
istics. Training in hole springing would
include the amount of charge required,
sub-drilling requirements, and measure-
ment of the sprung cavity volume,

The physical emplacement of the
explosive may be as simple as lowering
a completely prepackaged explosive into
the borehole. At the other end of the
complexity scale would be the use of
explosives that must be mixed near or in
the borehole just before emplacement.
The use of volatile components such as
liquid oxygen places additional require-
ments on timing, steranming, and firing
design. The method of physical place-
ment of a charge in the hole is bighly
dependent on the explosive; therefore,
the training should be tailored to the
explosive actually selected for the mis-
sion., Training would be largely prac-
tical in nature with simulated materials
and equipment,

Arming, initiating, and boosting the
explosive should be taught based on the
systems developed for lunar applications.
Prime considerations for these systems
are reliability and safety. Extreme care
is required in the design of the firing
system to insure that accidental or pre-
If the

emplacement designs require the use of

mature firing is precluded.

firing systems, the instruction should

include the use of delay caps and

. \
Lot

Apollo lunar surface drill (cour-
tesy of Martin Marietta Corpo-
ration).

associated circuitry. It is not anticipated
that the operation of the firing system
would require detailed or complex efforts.
All that should be required of the worker-
astronaut is an understanding of the

operation of system components, the
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Fig. 86.

Mobile partial-gravity simulator
(truck permits training at vari-
ous walking sp. =ds).

ability to use safe handling procedures
and the ability to follow a checklist of

operational instructions.

6.3.4 Misfires

The explosive and firing system will
be designed for reliability in the lunar
environment; however, with any real
system there exists the possibility of

failure, Misfires can range from apparent
failure to initiate the main explosive
charge to a less-than-expected explosive
yield, Immediate action exercises to
include retransmission of the fire com-
mand and the checking of the electrical
circuitry should be included in the train-
ing program. All decisions other than
for immediate corrective actions would
come from earth control. Training could
also include methods of stemming re-
moval, placement of supplemental
boosters, and use of supplemental firing
systems.

Procedures for disposing of explosives
that are partially consumed by fire or
detonation should be presented; however,
no disposal action would be initiated with-
out release by earth confrol. Simulation
techniques similar *o those used in space
mission training would aid in providing
practice in handling a wide variety of
contingencies. Training for the possibility

of misfires must emphasize safety.

6.3.5 Materials Handling Equipment

Several tasks associated with the use
of chemical high explosives on the moon
may be made easier by, or require the
use of, materials handling equipment.
Although many of the initial explosives
applications will probably be limited to
small size charges, later efforts in
construction and mining may require
charge weights in thousands of kilograms.
Tasks for which mechanical assistance
may be of benefit include off-loading
explosives and equipment from the lunar
landing vehicle, transportation to storage
sites, transportion to firing sites, and
physical emplacement of the explosives.

Some possible equipment configurations
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