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FOREWORD

This report was prepared by Philip R. Berger & Associates as
subcontractor to Engineering Contractors Association, prime
contractor under U.S.B.M. Contract No. J 0177005. The contract
is authorized by law and executed pursuant to Public Law 89-5T7T7
(80 stat. T772) and funded pursuant to Department of Interior
and Related Agencies Appropriation Act, 1977 (P.L. 9L4-373, 90
Stat. 1043), dated July 31, 1976. It was administered under
the technical direction of the Pittsburgh Mining and Safety
Research Center with Mr. Richard W. Watson as the Technical Pro-
ject Officer. Mr. P.B. Schultz was the contract administrator
for the Bureau of Mines, and Mr. Joe Fiedorek provided liaison
with MESA.

This report is a summary of work recently completed as part of
this contract during the period from October 20, 1976 to January
20, 1978. This report was submitted by the author on March 31,
1978. :

Reference to specific brands, equipment, or trade names in this

report is made to facilitate understanding and does not imply
endorsement by the Bureau of Mines.
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EXECUTIVE SUMMARY

Loading explosives through the kelly bar is standard proce-
dure for placing the charge in blastholes in South Florida. This
is because the blastholes do not remain open after the drill steel
is removed. Loose sand and rock collapse into the borehole and
prevent open hole loading.

. Several accidents involving injuries or fatalities have oc-
curred and interim safety rules were adopted by industry and MESA
representatives until alternative methods of loading explosives

could be explored. This cost sharing project was initiated to search
out and evaluate alternatives to loading explosives through the kelly
bar.

STATE OF THE ART

In order to document what was being done, what had been done,
and what had been tried, an intensive review of the state-of-the-
art was made.

Every firm that uses the kelly bar method in mining in South
Florida was contacted. Visits to the operations were made in most
cases. Non-mining practices were included to a lesser degree but
were necessary because contract drillers frequently work in both
endeavors. Suppliers and service industries were also interviewed.

Detailed information on number and type of drill rigs, kelly
bar manufacture, blast design, loading methods, drilling rates, and
previous experimentation was collected.

From these data, the specific hazards that needed to be eli-
minated were defined. This background information also indicated
that some parties had developed feasible alternatives for the large
diameter (5" I.D.) kelly bars using paperboard tubes and bulk slurry.
This system was not acceptable at all locations though, because
ground vibration problems with neighbors prevented the use of the
large charge weight.

Other limitations to the kelly bar method are addressed which
affect management control of costs and scheduling, and place limita-
tions on capital expenditure decisions.

UNIT TESTS OF ALTERNATIVES

Test proposals for alternatives were solicited by mail from
255 parties with possible interest. An informational meeting was
held to give additional background and this was attended by 105 per-
sons.

Four proposals were received and two were accepted. These
offered to place paperboard tubes through the small diameter
(2 1/2" I.D.) kelly bars into the blastholes. Bulk slurry was then
to be pumped into the tube casings after the drill rig had completed
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drilling and moved off the site. These tests were contracted for
as units in which the contractor provided the drilling, explosives,
and labor in a package, and are referred to in the report as unit
tests. These were conducted in February, 1977, and indicated that
the pumped slurry technique is not feasible as a small diameter al-
ternative.

Other unit tests were conducted under more adverse geologic
conditions which involved loading 2" diameter packaged products
-into 2.493" ID resin-treated paperboard tubes. This required a
slightly larger kelly. These tests indicated that the holes could
be stabilized, the yields increased and that time required for tube
placement and loading was reasonable. It was decided to concentrate
on this approach as the most likely to provide an acceptable alter-
native for small diameter kelly bar rigs.

A total of 17 tests at three different sites were conducted
in this unit test part of the project.

3" I.D. KELLY BAR PROGRAM

The resin-treated paperboard tube was selected because of its
previous performance, availability, price, storage characteristics,
easy handling and placement, stability in water filled holes, and
the lack of contamination in finished rock products.

A test plan was developed with the concept of placing these
tubes with a 2.493" ID in the blastholes through a 3" ID kelly bar.
The kelly bar would be custom-made, other necessary rig conversions
made, and testing would determine if holes could be drilled with
this size bar without using an inner core breaker bit. Different
packaged products would be loaded into the tube casings after drill-
ing was completed.

The test program emphasized broad geographic coverage in order
to test the capability of the tube casings to stabilize the blast-
holes under a wide variety of geologic conditions.

Optimization of blast design would be attempted at each loca-
tion insofar as permitted by the limited number of shots and the
operator's willingness to permit experimentation.

A total of 76 blasts were made at twelve different locations
in this part of the project. Over 12 miles of hole were driilled
and stabilized with the tube casings, and 87,514 pounds of explo-
sives were used.

Rock jams in the bit occurred 10% of the time but can be re-
duced by driller's experience at each site.

Drilling and loading efficiency with this system was about
64% as efficient as drilling and loading through a 2 1/2" ID kelly
bar, including the time spent in clearing rock jammed bits and re-
drilling holes. Tube casings can be placed in holes drilled with
- either alr or water flush but water is prefersble.
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Tube casings placed in test holes to test their endurance
were still open to full depth with full diameter nine months
later.

Tube casings placed in close proximity to side of blasts have
a T0% chance of survival if at a distance of 20 feet. Survival
probability is much poorer for tube casings placed behind the shot.

Dynamite has a wide tolerance for poor design and is not as
susecptible to pre-compression as slurry. It performed well in most
tests with good results unless initiated from the top only.

Packaged slurries are safer to store, handle and use, but they
require more sophistication and experimentation to develop a success-
ful design. Once the successful design is established, the packaged
slurries offer a better opportunity to increase yields and lower costs
because they generally contain about 25% or more weight energy per
pound than the dynamites commonly used in South Florida, based on
manufacturers data.

The need for buffers (barriers of shot rock between the blast
and open water) is probably related to the unequal distribution of
explosives when loaded through the kelly bar. Tests at eight dif-
ferent locations without buffers indicated that when tube casings
are used there is no excessive throw into the water.

POST SHOT ANALYSIS

Digging and processing results at several locations were ana-
lyzed. Observation of digging provides little usable information
other than the operator's subjective opinion. Too many variables
are involved for reliable treatment.

Processing data on the other hand can be handled with rela-
tively sophisticated statistical methods yielding quantities which
serve as inputs to economic analysis.

Results indicated that bulk slurry in small diameter tubes
causes a serious decline in primary crushing rate.

Dynamite or packaged slurry in tube casings, using the same
load factor as with loading through the kelly bar, improved the
hourly rate of production significantly where the feed hopper was
fed with a front end loader. Although yield per blasthole remained
constant, the increased production rate lowered overall production
cost. This offers an attractive economic incentive at those plants
where the primary crusher is currently being operated at full capa-
Gy,

Alternatively, yields can be increased which causes the total
cost per hole to be divided by a larger number of cubic yards. In-
creases in yield ranging upwards to 29% were made with no adverse
effect on production rate and with an indication that uniformity of
plant feed was improved. Depending on the degree of optimization
already being practiced, operators can probably increase yields from
15% to 50% with the use of tube casings and careful experimentation.
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ECONOMIC ANALYSIS

The additional cost of placing the tube casings through the
kelly and then loading the holes after the drill rig has moved off
depends on:

(1) +the efficiency of the operators blasting design when
loading through the kelly, and

(2) his efforts to optimize his blasting design when uti-
lizing the tube casings.

Seven cases are analyzed to provide specific economic compari-
sons for the following:

(1) Bulk slurry in small diameter casings versus 2" diameter
explosive cartridges loaded through the kelly bar.

(2) 2" diameter packaged explosive products loaded into 2.493"
tubes compared to loading 2" dynamite through the kelly
bar. Load factor decreased. Same production rate.

(3) ©Same as 2, except that load factor remains constant, but
a minimum increase in production rate occurs.

(4) Same as 3, except that increase in production rate is the
maximum indicated by statistical analysis.

(5) 2" packaged explosive products loaded into 2.493" tube
casings with a 32% reduction in load factor compared to
3" diameter dynamite loaded through the kelly.

(6) 1 3/L4" diameter dynamite loaded into 2 1/4" tube casings
compared to 2" diameter dynamite loaded through the kelly
bar.

(7) Bulk slurry loaded into 4 1/2" diameter tube casings com-
pared to 4" diameter dynamite loaded through the kelly bar.

These comparisons are site specifie and are based on field trial
experience and/or data from normal operations.

Graphs are presented which permit an operator to relate his
present cost picture to that with the tube casings. These graphs
are based on average field experience during the project and are not
site specific. A method is also presented to determine the cost
advantage of increases in production rate.

Except for increase in processing rate, these concepts are
all incorporated in Figure 1. The operator can enter the base of
the graph with his current yield in cubic yards per blasthole. With
no optimization, his added cost is represented by the top line. For
varying percentages of optimization, other values of added cost are
given.
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CONCLUSIONS AND RECOMMENDATIONS

Expendable paperboard tubes will stabilize the blastholes
in South Florida for long periods of time. Hot wax dipped tubes
work well in large diameter operations (5" ID kelly bars) and
phenoloc-resin treated tubes work well in the small diameter
(2 1/2" and 3" ID kelly bars) operations.

Placing the tubes through the kelly and then loading them
- at some later time as a separate operation eliminates the hazards
that are peculiar to loading explosives through the kelly.

Bulk slurry or packaged explosives can be loaded into the big
tubes and with a moderate increase in yield a cost savings can re-
sult. Packaged products can be loaded into the small tubes but it
i's more diffienlt toe effect a reduetion of present cost. Bulk
slurry in small diameter tubes does not appear to be operationally
feasible. :

Additional cost when using small diameter tubes will depend
on the efficiency of the operator's present blasting practices and
his effort to optimize his design when tubes are used.

For small diameter operations, converting the drill rig to
accept a 3" ID kelly bar appears to be the best alternative because
it provides more opportunity for increased yield. Conversion is
best accomplished when the kelly bar needs to be replaced.

If conversion is not possible, or not desired, high density
1 3/4" diameter gelatin dynamite can be loaded into tube casings
which can be placed through a standard 2 1/2" ID kelly bar.

Initiation only from the top of the explosive column yields
consistently poor results. This does not apply to detonating cord
downlines.

The tube casings permit the use of a higher degree of sophis-
tication in blasting than previously possible in South Florida.
This offers an opportunity for explosives manufacturers to utilize
the sales potential of their expertise in advanced blasting methods.

Additional research is needed for a better understanding of
the causes of desensitization due to precompression of slurry ex-
plosives in South Florida.






INTRODUCTION

Open pit mining of Pleistocene limestone is conducted in
South Florida (Dade, Broward, Collier, Monroe and Lee Counties)
to obtain crushed stone aggregate, base course material, and
cement plant feed. It is essential to the construction industry
of the area, and a considerable amount of these products are ex-
ported to aggregate poor areas up the east coast. Other rock
excavations involving blasting are performed in conjunction with
real estate development, drainage canals, road building, trenching
for sewer and water facilities, and harbor channel dredging. Inas-
much as the government share of funding for this project is from
the U.8. Bureau of Mines, this report is concerned primarily with
the loading and use of explosives in open pit mining applications.
Nevertheless, a considerable part of the technology covered in the
report is applicable to the other areas of endeavor.

Unusual methods are utilized in open pit mining in South
Florida because of (1) the near surface water table, (2) the porous
and permeable strata which preclude the possibility of economically
pumping the water from the pit, and (3) the presence of unstable
sand layers. In general, the surface muck and peat are stripped
from above the rock and a pad of rock fill has to be emplaced to
keep the operations above the free water surface. Blast holes are
drilled to bottom with one continous length of hollow drill steel,
and while the core-type bit is still on bottom, the explosives are
loaded down the hole through the drill steel along with detonating
cord. This is called the kelly bar method of loading. Multiple
hole patterns are usually drilled and loaded. The rock is then
blasted and recovered from the water filled pit with a dragline and
placed on a surge pile parallel to the pit edge. Various loading,
hauling and transporting systems are then used to process the rock
into finished products.

There are a number of hazards specifically associated with
the kelly bar method of loading and since 1964 seven South Florida
mining accidents associated with this type of loading have been
officially reported. These accidents involved seven fatalities,
five injuries, and property loss.

Because of these accidents and the risk of future deaths and
injuries resulting from continued use of this explosives loading
method, a cost-sharing contract between the U.S. Bureau of Mines
(80%) and the Engineering Contractors Association of South Florida,
Inc. (20%) was negotiated in order to find safer, alternate methods.

This report covers the work accomplished and the results
achieved under this contract, including a review of the present

state-of-the-~art.
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STATE OF THE ART

Prior to developing and evaluating alternatives for the
kelly bar method of loading, an in-depth investigation of current
practice was made. Interviews with those persons in responsible
charge of drilling and blasting sites were made. During the
field visits additional information was obtained from drillers and
their helpers.

Cycle time for various phases of the operation were obtained
as time would permit. All of the quarry operators listed in the
acknowledgements were included in this collection of background
data. In addition, interviews and field visits were made with those
contract drillers whose business is primarily in mining operations.
Some drilling equipment suppliers, technical representatives of ex-
plosive manufacturers, and distributors of explosives were queried.
Visits were made to the Dade and Broward county offices involved in
blasting and quarry regulation, and to those federal offices where
information on geology, hydrology and climate might be obtained.
The Florida Department of Transportation's laboratory was visited
to get specification information with particular reference to the
limits for deleterious material in aggregates.

Development of the kelly bar method was necessitated by the
need for a high yield drilling and blasting technique which would
work under the hydrologic and geologic conditions found in South
Florida. Because these conditions are controlling, it is essential
to have a good working knowledge of them to understand the events
leading up to the present state-of-the-art, and to evaluate the fea-
sibility of possible alternatives.

GEOLOGY

The rock gquarried in South Florida for aggregate, base course,
and cement plant feed is from limestone of Pleistocene age. These
limestones were deposited during the periods between the glacial
advances called interglacials, when sea level was higher because of
the melted ice. Several investigators (Sanford, 1909, Sellards,
1919; Cooke and others, 1943; Parker and Cooke, 19Lk4; Richards, 1945;
DuBar, 1958; Hoffmeister and Multer 196L; Brooks, 1968; Conklin,
1968) have addressed themselves to interpreting the stratigraphy of
"all or part of these sediments. The names Miami ocolite, Key Largo
limestone, Anastasia formation and Fort Thompson formation are well
established in the literature and their surface distribution is
shown on the Geologic Map of Florida, complied by R.O. Vernon and
H.S. Puri, in 1964, Because of the flat topography, low elevation
and the high water table, the above authors, of necessity, worked
primarily with surface outcrops and particularly with a section ex-
posed along the banks of the Cadoosahatchee River, which flows west-
ward from near Lake Okeechobee to the Gulf of Mexico.

Perkins studied 52 cores and the Calcosahatchee River outcrops
for Shell Development Company in 1969. Ul of these cores were pro-
vided by the U.S. Army Corps of Engineers and 11 were taken by Shell.
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The results were originally published as "Depositional Framework
of Pleistocene Rocks in South Florida'" in a confidential Shell
report. This report has recently been released by Shell and is
the basis of a publication of the Geological Society of America
available to the general public (Geological Society of America,
Memoir 147, Part II, 1977).

Perkins abandoned the older usage and established five lime-
stone time-stratigraphic units separated by discontinuity surfaces.
The limestone units were deposited during high sea level stands of
interglacial periods. The discontinuities developed during periods
of low sea level stands when the limestone was exposed subaerially.
The units are identified as Ql, Q2, Q3, QY and Q5 in ascending order
(Q for Quaternary). Perkins' correlation of these units with pre-
vious stratigraphic terminology is shown in Figure 2.

Perkins criteria for recognizing discontinuity surfaces in-
cluded:

a) vadose sediment

b) land-plant root structures

c) laminated caliche-like crusts

d) corrosion and alteration zones (diagenetic soilstones)
e) soils and soil breccias

f) animal borings

g) solution surfaces

h) fresh water limestones

Usually a combination of two or more of these features is
present.

Unit isopachs and unit lithofacies maps from Perkins' report
are reproduced with permission from Geological Society of America,
Dr. Ronald D. Perkins and Shell Development Company. These show
the relationship of the test sites in South Florida to these units.
(Figures 3,4,5,6,7 and 8)

The lithofacies maps utilize Dunham's (1962) classification
of carbonate rocks. This system is based on depositional texture
and is helpful in the interpretation of depositional environment.
Carbonates that retain their depositional texture are subdivided in-
to mudstone, wackestone, packstone, grainstone, and boundstone.

Mudstone is composed of lithified carbonate mud containing
less than 10% grains of sand size or larger which are free-floating
in the mud matrix (mud supported).

Wackestone contains more than 10% grains but the grains are

still mud supported.
11
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