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STRUCTURAL EXCAVATION USING
MOUNDING CHARGES, by C. C. McAneny,

Explosive Excavation Research Laboratory

Project LOST CREEK was conducted by the
Waterways  Experiment  Station's  Explosive  Excavation
Research Laboratory (EERL) in 1972 to investigate the
feasibility of using mounding charges (large, deeply buried
charges) to excavate a through cut in rock—such as, for
instance, a spillway. It was desired to determine whether
such a departure from conventional techniques, assisted by
controlled blasting, could produce stable side slopes with
a minimum of damage to the rock in the walls.

A series of experimental blasts was carried out to test
EERL's concepts of using "mounding" charges for rock
excavation, culminating in an experiment designated the
"ML" Series (for Multiple Lift). In this final experiment,
a 30-ft-deep prototype spillway was excavated in two lifts.

Project LOST CREEK was performed in Jackson
County, Oregon, at the quarry site for the LOST CREEK
rock-fill dam being built by the U. S. Army Engineer
District, Portland. The site material is a fine-grained igneous
rock commonly called a basalt, but which classified
petrographically as an andesite on the basis of its
mineralogy. The rock is fairly uniform with extensive,
irregular, closely spaced fracturing. The fractures are not
open, and boreholes in fresh rock tend to be watertight.
On being drilled, however, the rock parts along the
fractures, so that NX cores are seldom recovered in lengths
exceeding I-1/2 ft.

The mounding technique is an approach to blasting
intermediate in concept between conventional blasting and
cratering. A production blast in conventional blasting is
composed of a large number of relatively small-diameter
blast holes, whereas in cratering a few very large explosive
charges are detonated befow the ground surface. A cratering
blast breaks the overlying rock and also ejects it to form
a crater. The mounding concept uses a few relatively large

charges, similar to cratering charges, but the charges are
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buried so deeply that the rock 1s not ejected. but only
forms a mound of rubble. The rubble is then removed by
conventional hauling methods. The concept of using
mounding charges to excavate rock is being studied because
it may offer significant savings in drilling and blasting costs
in comparison with conventional blasting.

In preliminary experiments at LOST CREEK. three
different  blasting agents were tested in  mounding
detonations. ANFO proved to be markedly more effective
than two different slurry blasting agents. Because ANFO
is also the cheapest of the three agents and showed itself
the most reliable in detonating, it was selected for use in
the ML experiment.

Fig. 1 shows in plan view the design of the first lift
of the ML excavation. Fig. 2 is an end-on view showing
the design and results of both lifts. The final excavation
appeared as shown in fig. 3.

In designing the mounding blasts, the in-row spacing
for the ANFO charges was selected on the basis of prior
mounding tests. performed both at the LOST CREEK Site
and at another EERL test area in Colorado. The
between-row spacing was based on the geometry of the
pits excavated after prior mounding experiments at LOST
CREEK. Had the rows been placed too far apart, too great
a hump of unbroken rock would have been left between
them: had they been placed too close together, broken rock
between the rows would have caused difficulties in drilling
of the holes for the second lift. The interval selected proved
to be satisfactory,

The design of the ML experiment incorporated
"buffer zones" along both sides of both lifts. A buffer zone
consists of an array of small-diameter, foaded and fully
stemmed blastholes, the detonation of which creates a zone
of fractured rock between the main charges and the presplit
surface. The buffer zone is designed to protect the presplit
surface by attenuating the shock from the main charges
and by offering an avenue of escape for explosion gases.

The presplit spacings on the first lift, and those of

the buffer zones, were designed on the basis of test panels.
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Fig. 1.

Plan View, ML-1 design
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Completed cut.  View toward the south
Spacings in the second lift were adjusted on the basis of
first-lift results. Varying the geometry of the buffer zone
seemed to have little effect: therefore, single-line buffer
sones were used in the second lift.

Each lift was blasted in a single explosive event. In
cach case the presplit charges were fired first: the
buffer-zone charges were detonated SO msec later by the
use of delay blasting caps: the main ANFO charges were
detonated 150 msec after the presplit charges. Fig. 4 shows

the firing of the first lift:  the presplit and buffer-zone

Fig. 4.

First-lift detonation, showing presplit and
buffer zones alreadv detonated with mounding
charges to follow shortly

charges have detonated. but the main charges have not yet
fired.

The rock fragmented well because of the extensive
natural fracture system. The broken rock was excavated
with two bulldozers: a D-8 and a D-9, the latter with a
single-tooth  ripper.  The ripper tooth succeeded in
dislodging rock near the bottom of the first lift which,

though broken, remained keyed in place. In addition, a
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track-mounted front-end loader with a toothed rock bucket
was used for final clean-up.

Fig. 5 shows the ML experiment after excavation of
the upper litt. The well-tormed presplit surlace lies along
the west side of the cut. Charge emplacement holes for
the main charges of the second lift are in the foreground,
marked by plywood hole covers. The second-lift blast tilled

much of the first-lift trough with rock rubble (fig. 6).

Fig. 5. First lift fully excavated. Plywood squares
cover second-lift charge emplacement holes

Rubble from second-lift blast fills tirse-lift

Fig. 6.

trough.  Presplit surface at left

Several technical programs were associated with the
LOST CREEK detonations. Subsurface particle-velocity
measurements were made during most of the experiments.
Although the two velocity gages monitored during the Ml
experiment did not provide meaningful data, usetul data
were acquired from several other test blasts. An NX-size
diamond-drill hole was drilled 4 ft behind the presplit wall
of the upper lift at the ML experiment. Core from this
hole was subjected to laboratory strength testing, and the
borehole walls were photographed before and after the
first-lift detonation: very little new tracturing as a result
of the blast could be detected. The same hole was subjected
to water pressure testing before and after the blast. The

upper 17 ft of the hole was markedly leakier after the
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blast than before, indicating certain blast-induced fracturing
that could not be detected from borehole photography.
Measurements were made of seismic shock at distances
ranging from 1600 to 8100 ft and of airblast overpressures
to ranges of about 1000 ft.

The experimental blasts and excavation proved that
a structural cut such as a spillway can be produced in
suitable  rock using mounding charges augmented by
controlled blasting panels. The economic advantages of the
technique in  comparison with conventional blasting
practice will probably be dependent on the scope of the
project.

A potential problem in the use of mounding charges
is the existence of mounds of unbroken rock along the
floor of a lift, particularly at the edges. This problem was
encountered in the ML excavation, even though the
bottoms of presplit and buffer-zone holes were extra-loaded
in an attempt to overcome it. It may be necessary to
incorporate secondary blasting into plans for a mounding
excavation; however, the small drills required for this would
be available because of the presplitting operations.

The fragmentation produced by the mounding charges
in the LOST CREEK test program was studied by
comparing preblast fracture spacings in emplacement
boreholes with rubble block sizes. It was apparent that the
rock fragmentation was controlled by the extensive natural
fracture pattern. The few large slabs of rock remaining after
the blast fell apart when moved by the bulidozers, but a
less fractured rock may be more troublesome. The large
equipment necessary to handle large fragments could be
economically justified on a large project.

The ML experiment clearly  demonstrated the
technical feasibility of producing a structural excavation

with mounding charges and controlled blasting.

REPORTS RECENTLY PUBLISHED BY WIS

Concrete Laboratory:

Use of Microwave Oven to Determine Water Content of fresh
Concrete, by E. C. Roshore, Miscellaneous Paper C-73-7, Jun 1973,

Hvdraulics Laboratory:

Wave Action and Breakwater Design, Hambtin Beach Harbor, New
York; Hydraulic Model Investigation, by C. W, Brasteild, Technical
Report H-73-13, Aug 1973.

Hulah Dam Emergency Bulkhead Prototype Closure Tests, by W, €,
Blanton, J. E. Hall, and D. I, Bastian, Miscellancous Paper H-73-%,
Sep 1973.

Mobility and Environmental Systems Laboratory:

Generation and Propagation of Microseismic Signals from Footsteps,
by J. R. Lundien and B. O. Benn, Miscellancous Paper M-73-12,
Sep 1973.

Soils and Pavements Laboratory:

Evaluation of Structural Layers in Flexible Pavement, by R. W,
Grau, Miscelfancous Paper S-73-26, May 1973,

Radiographic, Petrographic, and SEM Evaluation of Ballistically
Loaded Clay, by D. M. Patrick, Miscellaneous Paper S-73-57, Jun
1973.

Automatic Data Processing Center:

Computer-Aided Design of Horizontally Framed Miter Gaies, by
W. L. Boyt, Miscellancous Paper K-73-6, Aug 1973.

Explosive Excavation Research Laboratory:

Seismic Refraction Exploration tor Engineering Site Investigation,
by B. R. Redpath, Technical Report E-73<4, Aug 1973,

Engineering and Scientific Rescarch at WES is published by
the Waterways Experiment Station (WES), Vicksburg, Mississippi.
to acquaint U, S. Government agencies and the research community
in general with the many-faceted types of engineering and scientine
activities currently being conducted at WES. Inquiries with regard
to any of the reported specific subjects will be welcomed. and
should be addressed to respective authors, U. So Army Fogineer
Waterways Experiment  Station, P. O. Box 631, Vicksburg,
Mississippi 39180,

asan




