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Preface

This program is for instructional purposes only and does not constitute an endorsement by Pennsylvania Department of Deep Mine safety of any specific product. Attendance of this program does not constitute certification under state or federal laws or regulations.



Disclaimer

The information and recommendations contained in this program have been compiled from sources believed to be reliable and to represent the best current opinion on the subject. No warranty, guarantee, or representation is made by the Pennsylvania Department of Environmental Protection, Bureau of Deep Mine Safety, as to the absolute correctness or sufficiency of any representation contained in this course and publication, and assumes no responsibility in connection therewith; nor can it be assumed that all acceptable safety measures are contained in this, or that other or additional measures not be observed under particular or exceptional conditions or circumstances.
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Section 1



a. Introduction

This program has been instituted due to the recognition of blasting hazards underground and the promulgation of new Federal Standards designed to increase the safe and proper use of explosives underground.



The  Pennsylvania Bureau of Deep Mine Safety recognized the need to standardize and update our Shotfirer's Certification process. To this end, the Bureau of Deep Mine Safety has been working with MSHA in the approval of state certification of Shotfirer's to satisfy the new Federal Regulations as well as promote blasting safety in Pennsylvania underground coal mines.



This program uses classroom lecture and hands on use of simulated explosives to insure that whomever attends will leave the class with the knowledge and confidence to use explosives safely and correctly. This will increase the safe use of explosives and help eliminate blasting accidents underground.

                                                                      

b. Properties of explosives

1. Density-  Define as "weight per unit volume can be expressed as grams/cubic centimeter or pounds/cartridge. (Not all explosives come in 50 pound boxes.)



                     	 weight of case (pounds)   = pounds per cartridge

                          No. of cartridges in case



                         if the weight of case or number of cartridges unknown:

                                  .113  r2   x    1 x  d = pounds per cartridge



                        l = length of cartridge (inches)

                        r = radius of cartridge (inches)

                       d = density of explosive (if unknown use 1.0)



Example:	1 stick = 540 grams

		

Grams = ounce

    28



		540 = 19.28 = 1.2 pounds

		  28        16





2. Sensitiveness - This is a measure of explosives’ propagating ability.

3. Water resistance-The ability to resist the effects of water. 

Explosives which are penetrated by water have their efficiency impaired and desensitized to a point where they will not detonate.

4. Incendivity- The property of an explosive that causes ignition of explosive or flammable atmospheres.

Permissible explosives are much less incendive than other high explosives since they are less likely to ignite methane and/or coal dust atmospheres. Often,  salt is added to an explosive to make it less incendive.

5. Fumes- Gases that result from the detonation of explosives. Gases include; Carbon Monoxide, Oxide of Nitrogen, Carbon Dioxide, Nitrogen, and steam.

6. Sensitivity – Measure of ease of detonation.

7. Velocity- Measure of the speed at which the detonation wave travels through the column of explosives. The velocity ranges from about 4000 to 23,000 feet per second. As the velocity is increased, the explosive usually produces greater shattering effect in hard materials.

8. Detonation- An explosive decomposition or explosive combustion reaction that moves faster than the speed of sound in the reactant and creates a shock wave and significant over-pressure.

Detonation is a different chemical reaction than combustion



c. Permissible Explosives

What makes an explosive permissible? 

Explosives which have been tested by the USBM(now NIOSH) and approved for the underground by MSHA.

They are permissible as long as they are used in a permissible manner; some of the conditions are as follows:

Electric detonators shall be compatible with the blasting unit and have sufficient strength to initiate the explosive being used. (Consult the manufacturer)

It is stored in surface magazines under proper conditions and that it is not stored more than 48 hours underground.

That the explosive is properly confined in a borehole tamped with noncombustible stemming. 

That the charge is not fired in the presence of explosive gas.

That certain quantity  and borehole depth restrictions be met.

All permissible explosives used underground are Division 1.1(Class A). 





















d. The new DOT explosive classification scheme: 

All explosives are now considered Class 1 hazardous materials.



Class 1 materials are divided into six divisions:

                                     Hazard                          Old Classification

Division 1.1                  Mass Explosion 		Class A explosives

Division 1.2                  Projectiles 		Class A / Class B

Division 1.3                  Radiant Heat  		Class B

Division 1.4                  Minimum  		Class C

Division 1.5                  Insensitive 		Blasting Agents

Division 1.6                  Extremely Insensitive 	None



Each classification also has a compatibility group assigned.



Compatibility                 Potential

Group     		Divisions                 Type of Substance or Article

A			1.1			*Primary explosives

B			1.1,1.2,1.3		*Article with primary explosive and without two

						or more protective features

C			1. To 1.4		*Propellant or deflagrator or article containing either

D			1.1,1.2,1.4,1.5		*Secondary explosive or black powder or article

						containing either without means of initiation or 

						Propelling charge. Also article with primary explosive

						and with two or more protective features.

E			1.1,1.2,1.4		*Article containing secondary explosive without means

						of initiation and with propelling charge.

F			1.1 to 1.4		*Article containing secondary explosive with means of

						initiation and with propelling charge.

G			1.1 to 1.4		*Pyrotechnics or article with pyrotechnic. Also article

						with explosive and illuminating, incendiary, tear or

						smoke producing substance.

H			1.2,1.3			*Article with explosive and flammable phosphorous.

J			1.1,1.2,1.3		*Article with explosive and flammable liquid or gel.

K			1.2,1.3			*Article with explosive and toxic chemical.

L			1.1,1.2,1.3		*Explosive or article with explosive with special risk.

N			1.6			*Articles with extremely insensitive detonating 

						substances. (EIDS)

S			1.4			*No hazard to fire fighters or emergency response in 

						vicinity (5 meters)		































e. Damaged explosives or detonators shall be:

Placed in separate containers constructed of nonconductive and non sparking materials and; 

Removed from the mine or placed in a magazine and removed when the magazine is re-supplied. 

Damaged detonators shall be shunted either before being removed from the mine or placed in a magazine.

Deteriorated explosives shall be disposed of in accordance with the instructions of the manufacturer.



f. Explosives and blasting equipment – CFR 75.1310

Only permissible explosives, approved sheathed explosive units, and permissible blasting units shall be taken or used underground. 

Black blasting powder, aluminum-cased detonators, aluminum-alloy cased detonators with aluminum leg wires, and safety fuses shall not be taken or used underground. 

Explosives shall be fired only with a permissible blasting unit used in a manner consistent with its approval.

Blasting units approved by MSHA that have approval labels specifying use with short-delay detonators with delay periods between 25 – 500 milliseconds are accepted to fire short-delay detonators up to 1,000 milliseconds, instantaneous detonators and long period delays for anthracite mines.













































Section 2



a. View of  coal face  with single undercut or kerf			  Front view
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					                                                      Side view
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b. Coal face preparation with bottom single undercut and right rib vertical shear

with 6 boreholes utilizing 4 ms coal mine delay detonators
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c. Shooting from the solid
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Front view
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�d. V-Cut Round









































e. Slabbing round
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Section 3



Understanding the blasting galvanometer 

The blasting galvanometer is one of the blaster’s most commonly used test instruments for determining the continuity and resistance of an electrical firing circuit. It measures the approximate electrical resistance of the circuit and indicate broken wires, short circuits, grounds, or faulty wiring connections. Its proper use reduces the possibility of misfires and helps insure safe blasting practice. Proper care of the test instrument and some understanding of its makeup can reassure you of its importance and reliability wherever electric blasting work is being practiced. 



Meter

The amount of deflection of the meter needle shows the resistance of the circuit being tested. Some galvanometers have two scales. One gives a reading of the circuit resistance in ohms, while the other shows a readout in relative units that is interpreted as a reference value only.  Some units will also read out in LCD.                                                     



Care and checking 

Do not remove the instrument from its protective case except for maintenance or adjustment. Prior to each use and at least monthly, check the meter for full-scale deflection. This is done by shorting the terminals. If no deflection is obtained, replace the battery with only the type specified. If less than full scale deflection results, do not use the instrument. When replacing the battery, be sure the positive(+) pole is connected to the positive pole and the negative(-) pole is connected to the negative pole. Repairs must be made by the manufacturer of the instrument. 

Unit must be classified as permissible for underground mining use and be labeled with an MSHA approval number

Dry cell battery may be silver chloride, alkaline, or other dry cell type. Its function is to supply the proper low current to the test circuit.

Remember, never replace the battery with any other than the type recommended by the manufacturer. Substitution of a battery other than that specified would produce voltage insufficient to fire an electric blasting cap.

�Current  limiting resistors insures that the current delivered to the blasting circuit is always much less than that’s required to detonate a cap. 
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d. Blaster’s mutimeter

The blasting multimeter is a versatile, multipurpose test instrument for making voltage and resistance measurements associated with electric blasting.
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The multimeter can perform test such as:

Blasting machine output voltage

AC and DC power line voltage

Electric detonator and blasting circuit resistance

“Opens or Shorts” in the firing line

Current leakage

AC and DC stray current

Capacitive and inductive coupling near high voltage lines

Internal shorts to case in CD blasting machines



Use of the Model 2520 condenser blasting machine, HB-20P 20 shot permissible blasting machine      

Test the blasting circuit with a galvanometer or blaster’s multimeter. The meter has to read 150 ohms or less, if it reads more than 150 ohms, do not fire the shot, you may have a misfire.

Connect the blasting machine to the blasting circuit.

Press the charge switch and hold it down. After the ready lamp glows;

Press the fire switch.

Precautions:

If after pressing the charge switch, you decide not to fire the shot, release the charge switch, wait a few seconds after the charge light goes out, disconnect the wires.

An excessive delay such as 10 or 20 seconds between pressing the charge switch and the glow of the ready lamp indicated the batteries should be replaced.

If the ready lamp should glow immediately after pressing the charge switch, the blasting machine has been damaged and should not be used.	





Section 4





Storage – Surface

Detonators and explosives shall be stored in magazines.

Detonators shall not be stored in the same magazine with explosives.



Surface magazine construction

Noncombustible material covered with a fire resistant material

Reasonably bullet resistant.

Electrically bonded and grounded if constructed of metal.

Made of non-sparking materials on the inside including the floors.

Provided with adequate and effectively screened ventilation openings near the floor and ceiling.

Doors constructed of at least three-eighths inch steel plate lined with a two inch thickness of wood or equivalent.(PA law)

Kept locked securely when unattended.

Used exclusively for the storage of explosives or detonators and kept free of all extraneous materials.

Kept clean and dry in the interior, and in good repair.

Unheated, unless heated in a manner that does not create a fire or explosion hazard.



Surface magazine location (magazines other than box type shall be(

Located in accordance with the current American table of distances for storage of explosives.

Detached structures located away from powerlines, fuel storage areas, and other possible sources of fire.

Shall not be less than 200 feet from any mine openings, occupied buildings or public roads, unless barricaded(PA law)

Definition of barricaded: the effective screenings of a building containing explosives from a magazine or other building, railway, or highway by a natural or an artificial barrier.

Detonator storage magazines shall be separated by at least 25 feet from explosive storage magazines.



Surface sign posting

Magazines shall be posted with suitable danger signs so located that a bullet passing through the face of the sign will not strike the magazine









Storage – Underground (underground magazines-design and construction)

Magazines shall be substantially constructed and all interior surfaces shall be made of nonconductive material, with no metal or other conductive material exposed inside.

Explosives shall be kept in separate closed magazines at least 5 ft. apart or:

If explosives and detonators are to be kept in the same closed magazine, they must be:

Separated by a hardwood partition of at least 4 inches thick or:

Separated by a laminated partition

A partition composed of the following materials and minimum nominal dimensions:

½ inch thick plywood

½ inch thick gypsum wall board

1/8 inch thick low carbon steel

and ¼ inch thick plywood, bonded together in order or

Separated by a device that is equivalent.



Location underground

Magazines will be located:

At least 25 feet from roadways and any source of electrical current.

Out of the direct line of the forces of blasting.

Kept dry as practicable

Well rock dusted location

300 feet from the faces, and in every case they shall be installed outby the last permanent stopping on intake air.(PA law)

Only materials and equipment to be used in blasting shall be stored at magazine locations.



Sign posting underground

Magazine locations shall be posted with indelibly marked and readily visibly warnings indicating the presence of explosives.



Capacity

No more than a 48 hour supply of explosives or detonators shall be stored underground. This is a volume limit, not a time limit.



Transportation-Container construction

CFR 75.1311 states; explosives shall be enclosed in separate, substantially constructed containers made of nonconductive material with no metal or other conductive material exposed inside.



Each container of explosives and detonators shall be indelibly marked with readily visible warnings identifying the contents.



Transportation- by cars or vehicles

The cars or vehicles shall be marked with warnings to identify the contents as explosives The warnings shall be readily visible to miners approaching from any direction and in indelible letters.

Explosives and detonators shall be transported either in separate cars or vehicles as follows:

Class A and Class C detonators in quantities greater than 1,000 shall be kept in the original containers as shipped from the manufacturer and separated from the explosives by a hardwood partition at least 4 inches thick, a laminated partition, or equivalent.

Class A or Class C detonators in quantities no more than 1,000 shall be separated by a hardwood partition at least 4 inches thick, a laminated partition, or equivalent.

No person, other than those necessary to operate the equipment or to accompany the explosives and detonators, shall be transported with the explosives and detonators.

When explosives and detonators are transported using trolley locomotives:

Trips carrying explosives and detonators shall be separated from all other mantrips by at least a five minute interval; and

Cars containing explosives and detonators shall be separated from the locomotives by at least one car that is empty or that contains noncombustible materials.



Transportation- conveyor belts

Containers of explosives shall be separated from containers of detonators by at least 50 feet.

At least 18 inches (CFR is 8 inches) of clearance be maintained between the top of any container of explosives or detonators and the mine roof or other obstruction.

Except when persons are riding the belt to accompany explosives or detonators, a person shall be at each transfer point between belts and at the unloading location; and

Conveyor belts shall be stopped before explosives or detonators are loaded or unloaded.



When explosives and detonators are transported by hand:

They shall be carried in separated, nonconductive closed containers.



Neither explosives or detonators shall be transported on the following:

Flight or shaking conveyor

Mechanical loading machines

Locomotives

Scrapers

Cutting machines

Drill trucks

Any self propelled mobile equipment



Explosives and detonators outside of magazines

The quantity of explosives outside a magazine for use in a working section or other area where blasting is to be performed shall;

Not exceed 100 pounds or

Not exceed the amount necessary to blast one round when more than 100 pounds of explosives is required.

Explosives and detonators outside a magazine that are not being transported or prepared for loading boreholes shall be kept in closed separate containers made of nonconductive material with no metal or other conductive material exposed inside and the container shall be:

At least 15 feet from any source of electric current

Out of the direct line of the forces of blasting

In a location to prevent damage by mobile equipment

Kept dry as practicable

Explosives and detonators not used during the shift shall be returned to a magazine by the end of this shift. 



















































Table of distances
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Section 5



Preparation of face before charging

Boreholes should not be drilled deeper than the undercut to prevent blown out shots.

Holes should be scraped clean of dust to prevent undetonated explosives.

All electrical equipment must be removed from blasting place before charging to prevent accidental ignition by stray current.

Check alignment of holes.

In September 1980, a Virginia shotfirer was killed and drill operator injured because the shotfirer was charging boreholes as they were being drilled.



b. Charging the face

Always use oldest explosives stock first.

Dispose of any deteriorated or damaged explosives.

Use only coal mine delays.

Make primers immediately before charging.

Leave shunts in place on leg wires.

Take care not to get loose coal between cartridges.

Use at least 24 inches of incombustible stemming material or one half hole length if borehole is less than 4 feet deep.

There should be no unconfined shots

Tamp firmly with nonconductive tamping stick, but do not tamp too vigorously.

Prepare and shoot only one face at a time.

Use a blasting unit approved by MSHA.

Use only amount of powder allowed by law.

In September 1980, a Pennsylvania shotfirer was killed by a premature detonation because he failed to shunt the detonator leg wires during drilling operations.

In January 1982, seven Kentucky miners lost their lives in a coal dust ignition that occurred while attempting multiple face shootings.



c. Electric blasting detonators

This type of detonator requires electric energy, which would flow from a power source through the wiring circuit to the detonator.

Inside the electric detonator, the electric energy is converted into heat energy by firing current through a high-resistance bridgewire.

The heat energy ignites the pyrotechnic that surrounds the bridgewire of the match assembly.

The delay composition(lead azite) then burns for a designated time, and ignites the primer charge, which then detonates the base charge(PETN).











d. Makeup of electric blasting detonator
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e. Making primers with electric detonators

Punch a hole straight into one end of cartridge.

Insert the detonator into the hole.

Tie leg wires around the cartridge using a half-hitch.

Never pull the wires too tightly. This may break them or damage the insulation.
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f. Plastic film cartridges
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g. Loading of boreholes

No Borehole drilled beyond depth of cut coal shall be loaded with explosives unless that portion of the borehole deeper than the cut is tamped with noncombustible material.

Only noncombustible material shall be used for stemming boreholes.

Stemming material shall contact the explosive cartridge nearest the collar of the borehole.

Each borehole four(4) or more feet deep shall be stemmed for at least twenty four(24) inches.

Each borehole less than four(4) feet deep shall be stemmed foe at least half the depth of the borehole.

Stemming materials other than water stemming bags shall be tamped to fill the entire cross sectional area of the borehole.
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All explosives fired underground shall be confined in boreholes except sheathed explosives units and other explosive units approved by MSHA for firing outside the confines of a borehole.

Primer cartridges shall not be primed until immediately before loading boreholes.

Detonators shall be completely within and parallel to the length of the cartridge and shall be secured by half-hitching the leg wires around the cartridge or secured by an equally effective method.

The primer cartridge shall be the first cartridge loaded in the borehole.

The end of the cartridge in which the detonator is inserted shall face the back of the borehole.

The primer cartridge and other explosives shall be pushed to the back of the borehole in a continuous column with no cartridge being deliberately crushed or deformed. 
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The total weight of explosives loaded in any borehole in bituminous and lignite mines shall not exceed three(3) pounds except when blasting solid rock in it’s natural deposit.

The total weight of explosives loaded in a borehole less than six(6) feet deep in bituminous and lignite mines shall be reduced by one half pound for each foot of borehole less than six(6) feet.

Note: Pennsylvania Bituminous Coal Mining Law, Section 257(a), page 74 states; charges of explosives exceeding one and one-half pounds shall be used only if the drillholes are six feet or more in depth.

15. An explosive shall not be loaded into a borehole if it is damaged, deteriorated or if the cartridge is incompletely filled.

16. The following is the formula for calculating the weight of one unit of explosives in a fully packed specific container:

Divide the total weight of the full specific container by the number of units in the container.

One unit explosive = total weight of specific container

                                    number of total units in the container 

Total weight is marked on each specific container.

Number of units must be counted if not noted.



h. Preparing to detonate the shot

Remove shunts from the leg wires and wire the shot.

 Short circuit the blasting machine end of the blasting cable.

Check for nicks and abrasions in the blasting cable.

Make roof and methane checks, and test circuit with a blasting galvanometer or blasting multimeter.

Roll cable from face toward firing station in a safe place around at least two corners.

Check all adjacent places where shots could shoot through to assure all persons are in the clear.

Connect cable to blasting machine and check continuity with a blasting galvanometer or blasting multimeter.

Yell “ Fire”, slowly three times, or give other ample standardized warning.

In December 1985, three Pennsylvania miners were killed by a methane ignition from failure to make proper gas checks and the use of unconfined shots

In October 1981, a Kentucky miner was killed when the shotfirer failed to check adjacent entries for miners where danger existed from possible blown through shots.



i. Shotfirer’s responsibilities after shooting

Short circuit the blasting machine end of blasting cable after firing shot.

Wait for smoke to clear and re-ventilate.

Check for methane

Check the newly exposed roof.

Check for fires.

Check for misfires.



j. Handling Misfires

Short circuit the blasting machine end of the blasting cable.

Guard the misfire area and notify the foreman.

Wait at least 15 minutes, then remove the misfire by:

Checking electrical connections.

Shunting any exposed legwires.

Checking the coal closely for undetonated explosives.

Try to shoot:

Locate all loose wires

Check continuity

Reconnect wires

Fire shot

Washing out stemming and removing undetonated explosives.

Last option:

Drilling another borehole at least 24 inches from and parallel to the misfired hole and shooting.





k. Additional precautions when handling and using explosives.

During detonation of a shot, remain in the intake air outby the affected area, away from dangerous smoke and fumes created from the shot.

Watch out for sources of stray electrical current, such as poorly insulated trailing cables, water lines, and lightning(on the surface), any of which could result in premature detonation.



































































l. Series electric blasting circuit
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m. Parallel series electrical blasting circuit
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Blasting cable- copper wire used to attach blasting unit to the connecting wire.

Must be minimum 18 gauge, CFR 30-75.1323(d)

Pa law- must be minimum 125 feet long

Connecting wire- copper wire used to attach blasting cable to the detonator leg wire.

Must be minimum 20 gauge, CFR 30-75.1323(3)

Be not more than 30 feet long, CFR 30-75.1323(4)

2. Leg wire- Inherent wire in detonator used to attach connecting wire to the detonator





n. Basic guidelines for insuring  proper firing current

Make certain the blasting unit and explosive product being used is a permissible underground product and is labeled with an MSHA approval number.

Be certain your blasting machine is in good working condition.

Check it at least once a month to insure that it is a reliable power source.

Be sure electrical blasting cable and connecting wire is a suitable gauge solid copper wire, typically a minimum no. 18 gauge for blasting cable and no. 20 gauge for connecting wire. Always check the line for cuts, breaks, and shorts with a blaster’s galvanometer.

Make certain all wiring connections make good mechanical contact.

The wires must be clean and twisted tightly together.

When firing series-in-parallel, make sure the number of caps in each series is equal(balanced) or as near so as possible.

Always properly check all circuits with a blasting galvanometer prior to firing.



o. Recommended wire splices
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p. Test for continuity and shorts
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q. Testing the detonators and the firing circuit
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r. Sheathed explosive units- CFR 30, 75.1314

A separate instantaneous detonator shall be used to fire each sheathed explosive unit

Sheathed explosive units shall be primed and placed in position for firing only by a qualified person or a person working in the presence of and under the direction of a qualified person. To prime a sheathed explosive unit, the entire detonator shall be inserted into the detonator well of the unit and be held securely in place.

Sheathed explosive units shall not be primed until immediately before the units are placed where they are to be fired. A sheathed explosive unit shall not be primed if it is damaged or deteriorated.

Except in anthracite mines, rock dust shall be applied to the roof, ribs, and floor within a 40-foot radius of the location where the sheathed explosive units are to be fired.

No more than three sheathed explosive units may be fired at one time.

No sheathed explosive unit shall be fired in contact with another sheathed explosive unit.
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s. Rock-buster guidelines(above)

Make a hole at the cap-well( marked by arrow) using a powder punch.

Fully insert an instantaneous detonator.

Secure detonator by means of half hitching leg wires around sheath explosive unit.

Do not use if the sheathed explosive unit is altered, damaged, or deteriorated.

See Federal regulation 30 CFR 75.1314

Consult state regulations.





�Austin Powder Company					Austin Powder

25800 Science Park					Product Development

Cleveland, Ohio  44122					Bulletin

  (216)464-2400		



R O C K * B U S T E R



SHEATHED EXPLOSIVE CHARGE



The Rock*Buster sheathed explosive is a nonincendive explosive charge that has been tested by the U.S. Bureau of Mines and granted authorization by MSHA to be fired unconfined in underground bituminous coal mines.



The explosive charge is surrounded by a saline gel material which prevents ignition of coal dust or methane in the mine air.



MSHA has set forth a maximum explosive load of 1 1/2 lbs. and allows up to three units in a single shot.



The weight of the Rock*Buster unit is approximately 12 lbs., with a sum of four units per case.  Individual packaging is comprised of a yellow polyethylene pouch which facilitates high visibility and convenience in handling.



The Rock*Buster sheathed unit is utilized by merely placing the charge on top of a rock that must be removed when rock is on the floor of the mine, or by wedging the sheathed charge up against the rock when the offending rock is in the roof.  An instantaneous detonator is then placed in the clearly-marked capwell for initiation which ultimately permits easy removal of the broken material.



The Rock*Buster sheathed explosive charge can safely  and effectively break up large boulders, rocks, and slabs when the need arises to level roof falls and overhangs which would otherwise have to be dislodged manually, which exposes miners to the dangers of a falling roof.  The Rock*Buster unit will also minimize the loss of production time when rock removal is warranted



Now the mining industry has a choice for safe and effective rock removal



R O C K * B U S T E R



Characteristics:



	Product			         Velocity		Detonation Pressure

Rock* Buster Sheathed Charge              15,750		       80 Kb



Classification:



	Class A Explosive



Disclaimer of Warranties and Limitations of Liabilities

“Products described in this bulletin are sold by Austin Powder Company without warranty express, implied, or statutory or as to MERCHANTABILITY, except as expressly stated in the Austin Powder’s straight bill of lading. Under no circumstances shall seller be liable for damages, for loss of anticipated profits, consequential damages or incidental damages. 
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a. Blasting Module Procedures

Check the depth and direction of boreholes to be loaded.



Check the depth of the undercut and compare to the length of the boreholes, boreholes deeper than the undercut, require stemming to make them equal to the depth of the undercut.



Bring all needed equipment to the face; blasting cable (make sure it is shunted), connecting wire, powder punch, blasting machine (must be under the control of the shotfirer at all times), galvanometer, loading poles, wire cutters, and stemming material.



Determine the amount of explosives needed to load shot, remove and place in appropriate container.



Determine the type and number of detonators needed.



Make primer and load borehole (be sure you have a continuous powder column). Load the remaining holes.



Wire the shot in a continuous single series circuit, shunt, and return unused  powder to and detonators to safe area.



Check the shot for continuity.



Connect the leg wires to the connecting wires, the connecting wires to the blasting cable.



Check for methane.



Make sure all persons are clear of the blast area.



Post all entries to the blast area.



Check continuity through the blasting cable also make sure total circuit resistance is 150 ohms or less.



Sound a warning and allow time for all persons to respond.



Wire to the blasting machine and fire the round.



Examine the blast area for misfires, methane, and other hazardous conditions.
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a. GLOSSARY OF BLASTING TERMS



Barricaded - An effective screening of a building containing explosives from a magazine or other building, railway, or highway by a natural or an artificial barrier. A straight line from the top of any sidewall of the building containing explosives to the eave line of any magazine or other building or to a point 12 feet above the center of a railway or highway shall pass through such barrier.( IME)

Blasting Cable or Shot Firer's Cable - The wires connecting the electrical power source (blasting machine) with the electric blasting circuit. (IME) Code of 	Federal Regulations states this must be of at least 18 gauge copper wire.

Blasting Circuit - A circuit made up of the connecting wires, and detonators of a blasting round.

Blaster's Galvanometer - An electrical resistance instrument designed specifically for testing electric detonators and circuits containing them. Along with Blasting Ohmmeters and Blasters' Multimeters, it is used to measure resistance or to check electrical continuity.   (IME)

Blasting off the Solid - Blasting the working face without providing a second free face by cutting, shearing, or other method,(CFR)

Borehole - A hole drilled in the material to be blasted, for the purpose of containing an explosive charge. (IME)

Class A Explosive - Explosives, as defined by the U.S. Department of Transportation (DOT), which posses detonating or otherwise maximum hazard; such as, but not limited to, dynamite, nitroglycerin, lead azide, blasting caps and detonating primers.(IME)

Class B Explosive - Explosives, as defined by the U.S. DOT, which posses flammable hazard; such as but not limited to, propellant explosives, photographic flash powders, and some special fireworks.(IME)

Class C Explosive - Explosives, as defined by the U.S. DOT, which contain Class A or Class B explosives, or both as components but in restricted 	quantities,(IME)

Connecting Wires - Wire used to extend the blasting cable or leg wires in an electric blasting circuit.(IME) Code of Federal Regulations states that resistance be no greater than that of 20 gauge copper wire.

Continuity - An uninterrupted electrical connection.

Density -  The weight per unit volume of explosive, expressed as cartridge count 	per 50 pound box.

Drillholes - See borehole,

Electric Detonator - A detonator designed for, and capable of, initiation by means of an electric current.(IME)

Free Face - A surface exposed to air or water, which provides room for expansion upon fragmentation; sometimes called an open face.

Fumes - Noxious or poisonous gases liberated from a blast. May be due to a low fume quality explosive or inefficient detonation.

Hangfire - The detonation of an explosive charge at a time after its designed firing time.  A source of serious accidents.

Instantaneous Detonators - An electric detonator that fires within 6 milliseconds after application of the firing current.(CFR)

Kerf -  A slot cut in a coal or soft rock face by a mechanical cutter to provide a free face for blasting.

Laminated Partition - A partition composed of the following material and minimum nominal dimensions: 1/2 inch thick plywood, 1/2 inch gypsum wall board, 1/8 inch thick low carbon steel and 1/4 inch thick plywood, bonded together in that order.

Magazine - A building, structure, or container specially constructed for storing explosives, blasting agents, detonators, or other explosive materials.

Misfire -  A charge, or part of a charge, which for any reason has failed to fire as planned. All misfires are dangerous.

Multiple Shooting - A blasting round that contains more than one detonator.

Opener Hole - The first hole or holes fired in a round blasted off the solid to create an additional free face.

Permissible Blasting Unit - A device that has been approved by MSHA, and that is used for firing electric detonators.(CFR)

Permissible Explosives - Explosives that are permitted for use in gassy and dusty atmospheres and which must be approved by the Mine Safety and Health Administration (MSHA).

Permissible explosives must be used and stored in accordance with conditions specified by MSHA. (IME)

Resistance - The measure of opposition to the flow of electrical current, expressed in ohms.

Sensitiveness - A measure of an explosive's ability to propagate a detonation

Sensitivity - A measure of an explosive's susceptibility to detonation upon receiving an external impulse such as impact, shock, flame, or friction.

Shear -  A vertical slot cut in coal by a mechanical cutter to provide an additional free face for blasting.

Sheathed Explosive - A device consisting of an approved or permissible explosive covered by a sheath encased in a sealed covering and designed to be fired outside the confines of a borehole.                                             

Short Delay Detonator - An electric detonator with a designated delay period of 25 to 1,000 milliseconds.                               

Shunt -  A piece of metal or metal foil which short circuits the ends of cap legwires to prevent stray currents from causing accidental detonation of the cap.                            

Slab Cut or Round - This refers to a type of cut when shooting off the solid when opener holes are used to provide the free face.

Stemming- Inert material placed in a borehole after the explosive. Used for the purpose of confining explosive materials or to separate charges of explosive material in the same borehole.(IME)

Tamping - The process of compressing the stemming or explosive in a borehole. Sometimes used synonymously with stemming.

Undercut - The kerf made by a mechanical cutting machine at the bottom of a  	coal face to a depth equal to the length of the boreholes.                                                  

Water resistance - A qualitative measure of the ability of an explosive to 	withstand exposure to water without becoming deteriorated or desensitized.                     
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USING EXPLOSIVE MATERIALS: ELECTRIC INITIATION                                                   



PREPARING THE ELECTRIC BLASTING CIRCUIT



ALWAYS  test the circuit for continuity and proper resistance, using a blasting galvanometer or an instrument specifically designed for testing electric detonators and circuits containing them.



ALWAYS   fire electric detonators with firing currents in the range recommended by the manufacturer.                            



ALWAYS   keep electric detonator wires or lead wires disconnected from the power source and shunted until ready to test or fire.



ALWAYS   keep the firing circuit completely insulated from ground or other conductors.



ALWAYS   be sure that all wire ends are clean before connecting.



NEVER     use any instruments, such as electrician's meters, that are not specifically designed for testing blasting circuits or detonators. Such meter produce sufficient electrical energy to prematurely initiate electric detonators which can result in injury or death.



NEVER    mix electric detonators made by different manufacturers in the same circuit.



NEVER    mix electric detonators of different types in a circuit, even if made by the same manufacturer unless such use is approved by the manufacturer.



NEVER    use aluminum wire in a blasting circuit.



NEVER    make final hookup to power source until all personnel are clear of the blast area.

PROTECTING AGAINST EXTRANEOUS ELECTRICITY



ALWAYS   check for stay currents.



NEVER    load boreholes in open work near electric power lines unless the power lines and detonator wires are anchored or are too short to reach the power line.



NEVER    handle or use electric detonators;

 a) when stray currents are present,

 b) during electrical storms.

 c) if static electricity is present.



NEVER    use electric detonators or blasting caps near radio-frequency transmitters. See IME Safety Library Publication No. 20, "Safety Guide for the Preventing of Radio Frequency Radiation Hazards in the Use of Electric Blasting Caps."



NEVER    have electric power wires or cables near electric detonation or other explosive materials except at the time and for the purpose of firing the blast.



NEVER    open blasting machines or handle batteries near electric detonators.



USING EXPLOSIVE MATERIALS- AFTER-BLAST PROCEDURES

DISPOSAL OF EXPLOSIVE MATERIALS



ALWAYS   treat deteriorated or damaged explosive materials with special care.

They may be more hazardous than explosive materials in good condition.



ALWAYS   dispose of explosive materials using proper methods. Check with your supervisor or the manufacturer. If the manufacturer is not known, check with an IME member company listed in the front of this booklet.



NEVER     reuse any explosive material packaging.



NEVER     burn explosive materials packaging in a confined space.



MISFIRES



ALWAYS   wait at least 30 minutes with fuse detonator misfires and at least 15 minutes with electric and other nonelectric detonator misfires, unless the manufacturer             recommends otherwise, before returning to the blast area. Comply with federal, 	                 state, and local laws and regulations.



ALWAYS   shunt the bare wires of a misfired electric detonator by twisting them together and 	taping them to the metal shell to protect against extraneous sources of electrical energy.



NEVER      drill, bore, or pick out any explosive materials that have been misfired. Misfires should ONLY be handled by a competent experienced person knowledgeable of the blast design, including the location and type of all explosive materials.



BLAST-GENERATED FUMES



ALWAYS   assume toxic fumes are present from all blasts or burning explosive materials and stay away until they have dissipated.



ALWAYS   comply with applicable federal, state and local laws and regulations for safe fume levels before returning to blast area.



REDUCING POST-BLAST FUME HAZARD



ALWAYS   use the largest diameter cartridge that fits the job.



ALWAYS   use water resistant explosive materials in wet conditions, and fire the blast as soon as practicable after loading.



ALWAYS   spray thc muckpile with water in accordance with federal, state and local laws and regulations.



ALWAYS   avoid conditions that might cause explosive materials to burn rather than detonate.



NEVER     use explosive materials that appear deteriorated or damaged



NEVER     use more explosive material than necessary.



NEVER     add combustible materials to the explosive material load.



NEVER     use combustible materials for stemming.



USING EXPLOSIVE MATERIALS: GENERAL PRECAUTIONS PROTECTING YOURSELF



ALWAYS     keep explosive materials away from food, eyes or skin. Flush areas of contact with large quantities of water.



ALWAYS     avoid exposure to excessive noise from blasting. Comply with federal, state and local laws and regulations.

ALWAYS     fire the shot from a position outside the blast area away from an area where flyrock might occur.



ALWAYS     remain in a position away from thc blast area postblast until fumes, dusts or mists have subsided.



NEVER     handle any explosive materials or position yourself near any explosive materials when initiating a blast.



NEVER     fire the shot from in front of the blast.



NEVER     breathe dust or vapors from explosive materials.



PROTECTING OTHERS



ALWAYS     clear the immediate area of persons.



ALWAYS     post guards to prevent access to thc blast area.



ALWAYS     sound adequate warning prior to the blast.



ALWAYS     use a blasting mat or other protective means when blasting close to residences or other occupied buildings or other locations where injury to persons or damage to property could occur as a result of flyrock.                     



NEVER     fire a blast without a positive signal from the person in charge.



NEVER     permit anyone to handle explosive materials or position themselves near 	      explosive materials when a blast is to be initiated.



PROTECTING THE BLAST AREA



ALWAYS     clear the immediate area of vehicles, equipment. and extra explosive materials.



ALWAYS     design a blast to (avoid excessive air blast, ground vibration, and flyrock. Comply with federal, state and local laws and regulations.



NEVER     allow any source of ignition within 50 feet of a blast site except approved safety 	fuse lighters.











Section 9



Subpart H-Explosives and Blasting



75.1300 Definitions.

The following definitions apply in this subpart.



Approval A document issued by MSHA which states that an explosive or explosive unit has met the requirements of this part and which authorizes an approval marking identifying the explosive or explosive unit as approved as permissible.

Battery starting.  The use of unconfined explosives to start the flow of al down a breast or chute in an anthracite mine.

Blasting off the solid- Blasting the working face without providing a second free face by cutting, shearing r other method before blasting.

Instantaneous detonator.  An electric detonator that fires within 6 milliseconds after application of the firing current.

Laminated partition.  A partition composed of the following material and minimum nominal dimensions: 1/2inch thick plywood, 1/2-inch thick gypsum wall board, 1/8-inch thick low carbon steel and 1/4-inch thick plywood, bonded together in that order.

Opener hole.  The first hole or holes fired in a round blasted off the solid to create an additional free face.

Permissible blasting unit.  A device that has been approved by MSHA and that is used for firing electric detonators.

Permissible explosive.  Any substance, compound or mixture which is approved by MSHA and whose primary purpose is to function by explosion.

Round.  A group of boreholes fired or intended to be fired in a continuous sequence with one application of the firing current.

Sheathed explosive unit.  A device consisting of an approved or permissible explosive covered by a sheath encased in a sealed covering and designed to be fired outside the confines of a borehole.

Short-delay electric detonator.  An electric detonator with a designated delay period of 25 to 1,000 milliseconds.



75.1301 Qualified person.



(a)	A qualified person under this subpart is a person who-

(1)	Is certified or qualified to use explosives by the State in which the mine is located provided that the State requires a demonstration of ability to safely use permissible explosives as prescribed by this subpart effective January 17, 1989; or Mine Safety and Health Admin., Labor

(2)	In States that do not certify or qualify persons to use explosives required by this section, has at least I year of experience working in an underground coal mine that includes direct involvement with procedures for handling, loading, and preparing explosives for blasting and demonstrates to an authorized representative of the Secretary the ability to use permissible explosives safely.

(b)	Persons qualified or certified by a State to use permissible explosives in underground coal mines as of May 17, 1989, are considered qualified under this section even though their State program did not contain a demonstration of ability requirement.



(Approved by the Office of Management and Budget under control number, 12190106)



(35 FR 17890, Nov. 20, 1970, as amended at 56 FR 51616, Oct. 11, 19911





75.1310 Explosives and blasting equipment.

(a)	Only permissible explosives, approved sheathed explosive units, and permissible blasting units shall be taken or used underground.

(b)	Black blasting powder, aluminum-cased detonators, aluminum alloy-cased detonators, detonators with aluminum leg wires, and safety fuses shall not be taken or used underground.

(c)	Explosives shall be fired only with a permissible blasting unit used in a manner consistent with its approval.  Blasting units approved by MSHA that have approval labels specifying use with short-delay detonators with delay periods between 25-500 milliseconds are accepted to fire short delay detonators up to 1,000 milliseconds, instantaneous detonators and long period delay detonators for anthracite mines.

(d)	Permissible explosives and sheathed explosive units shall not be used underground when they are below the minimum product firing temperature specified by the approval.  Explosives previously approved which do not specify a minimum firing temperature are permissible for use so long as the present approval is maintained.

(e)	Electric detonators shall be compatible with the blasting unit and have sufficient strength to initiate the explosives being used.



75.1311 Transporting explosives and detonators.

(a)	When explosives and detonators are to be transported underground(1) They shall be enclosed in separate, substantially constructed containers made of nonconductive material, with no metal or other conductive materials exposed inside, except as specified in paragraph (d) of this section; and

(2)	Each container of explosives and of detonators shall be indelibly marked with a readily visible warning identifying the contents.

(b)	When explosives and detonators are transported by any cars or vehicles-

(1)	The cars or vehicles shall be marked with warnings to identify the contents as explosive.  The warnings shall be readily visible to miners approaching from any direction and in indelible letters;

(2)	Explosives and detonators shall be transported either in separate cars or vehicles, or if in the same cars or vehicles as follows:

(i)	Class A and Class C detonators in quantities greater than 1,000 shall be kept in the original containers as shipped from the manufacturer and separated from explosives by a hardwood partition at least 4 inches thick, a laminated partition or equivalent; and

(ii)	Class A and Class C detonators in quantities of no more than 1,000 shall be separated from explosives by a hardwood partition at least 4 inches thick, a laminated partition or equivalent.

(3)	No persons, other than those necessary to operate the equipment or to accompany the explosives and detonators, shall be transported with explosives and detonators, and

(4)	When explosives and detonators are transported using trolley locomotives-

(i)	Trips carrying explosives and detonators shall be separated from all other mantrips by at least a 5-minute interval; and

(ii)	Cars containing explosives or detonators shall be separated from the locomotives by at least one car that is empty or that contains noncombustible materials.

(c)	When explosives and detonators are transported on conveyor belts(1) Containers of explosives shall be separated from containers of detonators by at least 50 feet;

(2)	At least 6 inches of clearance shall be maintained between the top of any container of explosives or container of detonators and the mine roof or other obstruction;

(3)	Except when persons are riding the belt to accompany explosives or detonators, a person shall be at each transfer point between belts and at the unloading location; and

(4)	Conveyor belts shall be stopped before explosives or detonators are loaded or unloaded.

(d)	When explosives and detonators are transported by hand they shall be carried in separate, nonconductive. closed containers.



75.1312 Explosive,; and detonators in underground magazines.

(a)	The quantity of explosives kept underground shall not be more than is needed for 48 hours of use.

(b)	Except as provided in § 75.1313, explosives and detonators taken underground shall be kept in-

(1)	Separate, closed magazines at least 5 feet apart, or

(2)	The same closed magazine when-

Separated by a hardwood partition at least 4 inches thick; or 

Separated by a laminated partition; or

(iii) 	Separated by a device that is equivalent.

(c)	Only explosives and detonators shall be kept in underground magazines.

(d)	Magazines shall be substantially constructed and all interior surfaces shall be made of nonconductive material, with no metal or other conductive material exposed inside.

(e)	All magazines shall be;

(1)	Located at least 25 feet from roadways and any source of electric current;

(2)	Located out of the direct line of the forces from blasting; and

(3)	Kept as dry as practicable.

(f)	Magazine locations shall be posted with indelibly marked and readily visible warnings indicating the presence of explosives.

(g)	Only materials and equipment to be used In blasting shall be stored at magazine locations.



75.1313 Explosive,; and detonators outside of magazines.

(a)	The quantity of explosives outside a magazine for use In a working section or other area where blasting is to be performed shall-

(1)	Not exceed 100 pounds; or

(2)	Not exceed the amount necessary

to blast one round when more than 100 pounds of explosives is required.

(b)	Explosives and detonators outside a magazine that are not being transported or prepared for loading boreholes shall be kept in closed separate containers made of nonconductive material with no metal or other conductive material exposed inside and the containers shall be-

(1)	At least 15 feet from any source of electric current;

(2)	Out of the direct line of the forces from blasting;

(3)	In a location to prevent damage by mobile equipment; and

(4)	Kept as dry as practicable.

(c)	Explosives and detonators not used during the shift shall be returned to a magazine by the end of the shift.



75.1314 Sheathed explosive units.

(a)	A separate instantaneous detonator shall be used to fire each sheathed explosive unit.

(b)	Sheathed explosive units shall be primed and placed in position for firing only by a qualified person or a person working in the presence of and under the direction of a qualified person.  To prime a sheathed explosive unit, the entire detonator shall be inserted into the detonator well of the unit and be held securely in place.

(c)	Sheathed explosive units shall not be primed until immediately before the units are placed where they are to be fired.  A sheathed explosive unit shall not be primed if it is damaged or deteriorated.

(d)	Except in anthracite mines, rock dust shall be applied to the roof, ribs and floor within a 40-foot radius of the location where the sheathed explosive units are to be fired.

(e)	No more than three sheathed explosive units shall be fired at one time. (f) No sheathed explosive unit shall be fired in contact with another sheathed explosive unit.



75-1315 Boreholes for explosives.

(a)	All explosives fired underground shall be confined in boreholes, except-

(1)	Sheathed explosives units and

other explosive units approved by MSHA for firing outside the confines of a borehole, and

(2)	Shots fired in anthracite mines for battery starting or for blasting coal overhangs.  No person shall go inside a battery to start the flow of material. (b) Each borehole in coal for explosives shall be at least 24 inches from any other borehole and from any free face, unless prohibited by the thickness of the coal seam.

 (c)	Each borehole in rock for explosives shall be at least 18 inches from any other borehole in rock, at least 24 inches from any other borehole in coal, and at least 18 inches from any free face.

(d)	No borehole that has contained explosives shall be used for starting any other hole.

(e)	When blasting slab rounds off the solid, opener holes shall not be drilled beyond the rib line.

(f)		When coal is cut for blasting, the coal shall be supported if necessary to maintain the stability of the column of explosives in each borehole.



75-1316 Preparation before blasting.

 (a)(1) All nonbattery-powered electric equipment, including cables, located within 50 feet from boreholes to be loaded with explosives or the sites where sheathed explosive units are to be placed and fired shall be deenergized or removed to at least 50 feet from these locations before priming of explosives.  Battery-powered equipment shall be removed to at least 50 feet from these locations before priming of explosives.

(2)	As an alternative to paragraph (a)(1) of this section, electric equipment, including cables, need not be deenergized or removed if located at least 25 feet from these locations provided stray current tests conducted prior to priming the explosives detect stray currents of 0.05 ampere or less through a 1-ohm resistor.

(i)	Tests shall be made at floor locations on the perimeter. on energized equipment frames and on repaired areas of energized cables within the area between 25 to 50 feet from the locations where the explosives are to be primed.

(ii)	Tests shall be conducted using a blasting multimeter or other instrument specifically designed for such use.

(3)	The blasting cable or detonator circuitry shall not come in contact with energized electric equipment, including cables.

(b)	Before loading boreholes with explosives, each borehole shall be cleared and its depth and direction determined.

(c)	No borehole drilled beyond the depth of cut coal shall be loaded with explosives unless that portion of the borehole deeper than the cut is tamped with noncombustible material. (d) When two working faces are approaching each other, cutting, drilling and blasting shall be done at only one working face at a time if the two faces re within 25 feet of each other.



[35 PR 17890, Nov. 20, 1970, as amended at 6 FR 51616, Oct. 11. 19911



75.1317	Primer cartridges.

(a)	Primer cartridges shall be primed and loaded only by a qualified person or a person working in the presence of and under the direction of a qualified person.

(b)	Primer cartridges shall not be primed until immediately before loading boreholes.

(c)	Only a nonsparking punch shall be used when priming explosive cartridges.

(d)	Detonators shall be completely within and parallel to the length of he cartridge and shall be secured by half-hitching the leg wires around the cartridge or secured by an equally effective method.



75.1318 Loading boreholes.

(a) Explosives shall be loaded by a qualified person or a person working in the presence of and under the direction of a qualified person.	are being

(b) When boreholes dept that necessary to protect persons s other area in the working place or ormed. where blasting is to be performed.

(c) When loading boreholes drilled at an angle of 45 degrees or greater from the horizontal in solid rock or loading long holes drilled upward in anthracite mines-

(1)	The first cartridge in each borehole shall be the primer cartridge with the end of the cartridge containing the detonator facing the back of the borehole; and

(2)	The explosive cartridges shall be loaded in a manner that provides contact between each cartridge in the borehole.

(d)	When loading other boreholes-

(1)	The primer cartridge shall be the first cartridge loaded in the borehole; (2) The end of the cartridge in

which the detonator is inserted shall face the back of the borehole; and

(3) The primer cartridge and other explosives shall be pushed to the back of the borehole in a continuous column with no cartridge being deliberately crushed or deformed.

(e)	An explosive shall not be loaded into a borehole if it is damaged, deteriorated or if the cartridge is incompletely filled.

(f)	Explosives of different brands, types	or cartridge diameters shall not be loaded in the same borehole.

(g) Only nonconductive, nonsparking tamping poles shall be used for loading and tamping boreholes.  The use of nonsparking connecting devices for extendible tamping poles is permitted.



[53 FR 46786, Nov. 18, 1988, 54 PR 888, Jan.10,19891



75.1319 Weight of explosives permitted in boreholes in bituminous and lignite mines.

(a)	The total weight of explosives loaded in any borehole in bituminous and lignite mines shall not exceed 3 pounds except when blasting solid rock in its natural deposit. (b) The total weight of explosives loaded in a borehole less than 6 feet deep in bituminous and lignite mines hall be reduced by 1/2 pound for each foot of borehole less than 6 feet.



75.1320	Multiple-shot blasting.

(a)	No more than 20 boreholes shall be fired In a round unless permitted in writing by the District Manager under 75.1321.

(b)	Instantaneous detonators shall not be used in the same circuit with delay detonators in any underground coal mine.

(c)	In bituminous and lignite mines, only detonators with delay periods of 1,000 milliseconds or less shall be used. 

(d) When blasting in anthracite mines, each borehole in a round shall be initiated in sequence from the opener hole or holes.

(e)	Arrangement of detonator delay periods for bituminous and lignite mines shall be as follows:

(1)	When blasting cut coal-

(i)	The first shot or shots fired in a round shall be initiated in the row nearest the kerf or the row or rows nearest the shear; and

(ii)	After the first shot or shots, the interval between the designated delay periods of successive shots shall be at least 50 milliseconds but not more than 100, milliseconds.

(2) When blasting coal off the solid-

(i)	Each shot in the round shall be initiated in sequence from the opener hole or holes; and

(ii)	After the first shot or shots, the interval between the designated delay periods of successive shots shall be at least 50 milliseconds but not more than 100 milliseconds.



75.1321 Permits for firing more than 20 boreholes and for use of nonpermissible blasting units.

(a)	Applications for permits for firing more than 20 boreholes in 3 round and for the use of nonpermissible blasting units shall be submitted in writing to the District Manager to the district in which the mine is located and shall contain the following information:

(1)	The name and address of the mine;

(2)	The active workings in the mine affected by the permit and the approximate number of boreholes to be fired;

(3)	The period of time during which the permit will apply;

(4)	The nature of the development or construction for which they will be used, e.g., overcasts, undercasts, track grading, roof brushing or boom holes; (5) A plan, proposed by the operator designed to protect miners In the mine from the hazards of methane and other explosive gases during each multiple shot, e.g., changes in the mine ventilation system, provisions for auxiliary ventilation and any other safeguards necessary to minimize such hazards;

(6)	A statement of the specific hazards anticipated by the operator In blasting for overcasts, undercasts, track grading, brushing of roof, boom holes or other unusual blasting situations such as coalbeds of abnormal thickness; and

(7)	The method to be employed to avoid the dangers anticipated during development or construction which will ensure the protection of life and the prevention of injuries to the miners exposed to such underground blasting.

(b)	The District Manager may permit the firing of more than 20 boreholes of permissible explosives in a

round where he has determined that it is necessary to reduce the overall hazard to which miners are exposed during underground blasting.  He may also permit the use of nonpermissible blasting units if he finds that a permissible blasting unit does not have adequate blasting capacity and that the use of such permissible units will create any of the following development or construction hazards:

(1)	Exposure to disturbed roof in an adjacent cavity while scaling and supporting the remaining roof prior to wiring a new series of boreholes;

(2)	Exposure to underburden boreholes where prior rounds have removed the burden adjacent to a remaining borehole,

(3)	Exposure to an unsupported roof while redrilling large fragmented roof rock following the loss of predrilled boreholes during earlier blasting operations; or

(4)	Any other hazard created by the use of permissible blasting units during underground development or construction.

(c)	Permits shall be issued on a mine-by-mine basis for periods of time to be specified by the District Manager.

(d)	Permits Issued under this section shall specify and Include as a condition of their use, any safeguards, in addition to those proposed by the operator, which the District Manager issuing such permit has determined will be required to ensure the welfare of the miners employed in the mine at the time of the blasting permitted.

(Approved by the Office of Management and Budget under control number 1219-0025)



75.1322 Stemming boreholes

(a)	Only noncombustible material shall be used for stemming boreholes.

(b)	Stemming materials other than water stemming bags shall be tamped to fill the entire cross sectional area of the borehole.

(c)	Stemming material shall contact the explosive cartridge nearest the collar of the borehole.

(d)	Each borehole 4 or more feet deep shall be stemmed for at least 24 inches.

(e)	Each borehole less than 4 feet deep shall be stemmed for at least half the depth of the borehole.

(f)	When blasting off the solid in bituminous and lignite mines, only pliable clay dummies shall be used for stemming.

(g)	The diameter of a water stemming bag shall be within 1/4 of an inch of the diameter of the drill bit used to drill the borehole.

(h)	Water stemming bags shall be constructed of tear-resistant and flame-resistant material and be capable of withstanding a 3-foot drop when filled without rupturing or developing leaks.



§ 75.1323 Blasting circuits.

(a)	Blasting circuits shall be protected from sources of stray electric current.

(b)	Detonators made by different manufacturers shall not be combined in the same blasting circuit.

(c)	Detonator leg wires shall be shunted until connected into the blasting circuit.

(d)	Blasting cables shall be-

Well insulated, copper wire of a diameter not smaller than 18-gauge; and

Long enough to permit the round to be fired from a safe location that is around at least one corner from the blasting area.

(e)	Blasting cables shall be shunted until immediately before firing, except when testing for circuit continuity. 

(f) Wire used between the blasting cable and detonator circuitry shall-

(1)	Be undamaged;

(2)	Be well insulated;

(3)	Have a resistance no greater than 20-gauge copper wire; and

(4)	Be not more than 30 feet long.

(g)	Each wire connection in a blasting circuit shall be-

(1)	Properly spliced; and

(2)	Separated from other connections in the circuit to prevent accidental contact and arcing.

(h)	Uninsulated connections in each blasting circuit shall be kept out of water and shall not contact the coal, roof, ribs, or floor.

(i)	When 20 or fewer boreholes are fired in a round, the blasting circuit shall be wired in a single series.

(j)	Immediately prior to firing, all blasting circuits shall be tested for continuity and resistance using a blasting galvanometer or other instrument specifically designed for testing blasting circuits.



[53 PR 46786, Nov. 18, 1988. 54 FR 27641, June 30, 19891



 75.1324 Methane concentration and tests.

(a) No shot shall be fired in an area that contains 1.0 volume percent or more of methane. 

(b) immediately before  shots are fired, the methane concentration in a working place or any other area where blasting is to be performed, shall be determined by a person qualified to test for methane.



75.1325 Firing procedures.

(a)	Shots shall be fired by a qualified person or a person working in the presence of and under the direction of a qualified person.

(b)	Only one face in a working place shall be blasted at a time, except that when blasting cut coal up to three faces may be blasted in a round if each face has a separate kerf and no more than a total of 20 shots connected in a single series are fired in the round.  A permit to fire more than 20 boreholes in a round under the provisions of 30 CFR 75.1320 and 75.1321 may not be obtained for use when blasting multiple faces.

(c)	Before blasting-

(1)	All persons shall leave the blasting area and each immediately adjacent working place where a hazard would be created by the blast, to an area that is around at least one comer from the blasting area;

(2)	The qualified person shall ascertain that all persons are a safe distance from the blasting area; and

(3)	A warning shall be given and adequate time allowed for persons to respond.

(d)	All shots shall be fired promptly, after all persons have been removed to a safe location.



135 FR 17890, Nov. 20, 1970, as amended at 56 PR 51616, Oct. 11, 1991



75.1326 Examination after blasting.

(a)	After blasting, the blasting area shall not be entered until it is clear of smoke and dust.

(b)	Immediately after the blasting area has cleared, a qualified person or person working in the presence of d under the direction of a qualified person, shall examine the area for misfires, methane and other hazardous conditions.

(c)	If a round has partially detonated, the qualified person shall immediately leave the area and no person shall reenter the affected area for at east 5 minutes.



75-1327 Misfires.

(a)	When misfires occur, only work by a qualified person to dispose of misfires and other work necessary to protect persons shall be done in the affected area.

(b)	When a misfire cannot be disposed of-

(1)	A qualified person shall post each accessible entrance to the area affected by the hazard of the misfire with a warning at a conspicuous location to prohibit entry, and

(2) The misfire shall be immediately reported to mine management.



153 FR 46786, Nov. 18. 1988, 54 PR 27641.June 30. 1989



75.1328 Damaged or deteriorated explosives and detonators.

(a)	Damaged explosives or detonators shall be-

(1)	Placed In separate containers constructed of nonconductive and nonsparking materials; and

(2)	Removed from the mine or placed In a magazine and removed when the magazine is resupplied.

(b)	Damaged detonators shall be shunted, if practicable, either before being removed from the mine or placed in a Magazine.

Deteriorated explosives and detonators shall be handled and disposed of in accordance with the instructions of the Manufacturer.































Section 10



Bituminous Coal Mining Laws of Pennsylvania for Underground Mines



Explosives and Dislodging Coal



Section 254.  Authorized Explosives.-Permissible explosives, approved breaking devices, or approved blasting devices only shall be used in blasting or dislodging coal or other material in underground coal mines.  The secretary, when satisfied by tests that any approved coal breaking device, or approved blasting device, has deteriorated from the standard established by the testing station of the Federal Bureau of Mines, and thereby becomes dangerous, may prohibit the use thereof, either absolutely or subject to conditions.



Section 255.  Surface Magazines for Explosives. Separate surface magazines shall be provided for storage of explosives, detonators and blasting heater elements.  Surface magazines shall be constructed of incombustible materials, be reasonably bullet proof and with no metal or sparking material exposed inside the magazine.  Surface magazines shall be provided with doors constructed of at least three-eighths inch steel plate lined with a two inch thickness of wood or the equivalent, properly screened ventilators, and with no openings except for entrances and ventilation, and shall be kept locked securely when unattended.  The aria for a distance of at least twenty five feet in all directions shall be kept free of materials of a combustible nature; suitable warning signs shall be erected, so located that a bullet passing directly through the face of the sign will not strike the magazine.  The location of magazines shall be not less than two hundred feet from any mine openings, occupied buildings or public roads unless barricaded.  If magazines are illuminated electrically, the lamps shall be of vapor-proof type properly installed and wired.  Smoking or open lights shall be prohibited in or near any magazine.



Section 256.  Underground Storage of Explosives. Explosives and detonators stored underground shall be kept in section boxes or magazines of substantial construction with no metal exposed on the inside, and be located at least twenty-five feet from roadways and power wires in a well rock-dusted location protected from falls of roof.  If not kept in separate boxes or magazines not less than five feet apart, they may be kept in the same box or magazine if separated by at least a four-inch hardwood partition or the equivalent.  Not more than a forty eight hour supply of explosives or detonators shall be stored underground in section boxes or magazines.  These boxes or magazines shall be kept at least three hundred feet from the faces, and out of the direct line of blasting, and in every case they shall be installed outby the last permanent stopping and on intake air.



Section 257.  Preparation of Shots; Blasting Practices; Multiple Shooting.-

(a)Only competent and experienced persons designated by a mine foreman shall be permitted to handle explosives and to do blasting.  Only electric detonators of proper strength fired with approved shot firing units shall be used and drillholes shall be solidly stemmed with at least twenty-four inches of incombustible material, or at least one-half of the length of the hole shall be solidly stemmed if the hole is less than four feet in depth unless other approved stemming devices or methods are used; provided, that with permission of the mine inspector in the district, cushion or air blasting may be used.  Drillholes shall be of ample size and shall not be drilled beyond the limits of the cut, and as far as practicable, cuttings and dust shall be cleaned from the holes before the charge is inserted.  Charges of explosives exceeding one and one-half pounds shall be used only if drillholes are six feet or more in depth.  Ample warning shall be given before shots are fired, and care shall be taken to determine that all persons are in the clear before firing.  Men shall be removed from adjoining places and other places when there is danger of shots blowing through.  No shots shall be fired in any place known to liberate explosive gas until such place has been property examined by a competent person who is designated by the mine foreman for that purpose, and no shots shall be fired in any place where gas can be detected by an approved flame safety lamp in accordance with the provisions of this act.  After firing any shot, or shots, the person firing the same shall make a careful examination of the working face before leaving the place, or before performing any other work in the place.

(b) The operator of a mine who desires to engage in Multiple shooting shall submit to the mine inspector in the district a plan indicating the manner and details in which he proposes to engage in multiple shooting.  Thereupon, the mine inspector in the district shall review the plan and submit the plan with his recommendations to the secretary.

The secretary must approve or disapprove the said plan within sixty days after its initial submission to him.  Upon approval, an appropriate permit shall be issued.  If the request for the permit is rejected, the secretary shall give his reasons therefor in writing to the operator.

(c)While boreholes are being charged, electrical equipment shall not be operated in the working place and only work in connection with roof support and general safety shall be performed.  Shots shall be fired promptly after charging.

(d)Mudcaps (adobes) or any other unconfined shots shall not be permitted in any bituminous coal mine.  No solid	shooting shall be permitted without written permission of the secretary.  Where solid shooting is practiced, blasting holes shall be stemmed the full length of the hole.

(e)Blasting cables shall be well insulated and shall be at least one hundred twenty-five feet in length to permit persons authorized to fire shots to get in a safe place out of the line of blasting.  Shooting cables shall be kept away from power wires and all other sources of electric current, connected to the leg wires by the person who fires the shot, staggered as to length or well separated at the detonator leg wires, and shunted at the battery end until ready to connect to the blasting unit.  Detonator leg wires shall be kept shunted until ready to connect to the blasting cable.



Section 258.  Other Blasting Devices.- 

(a)The provisions governing the handling, storage, transportation and use of permissible explosives shall apply to all other blasting devices employing a heater element when used underground.

(b)Where compressed air is used for blasting or dislodging coal, the air lines shall be grounded at the compressor and, if practical, at other low-resistant ground connections along the lines.  They shall not be connected in any way to rails, water lines, or other electric return conductors and shall be adequately insulated and protected where they cross electric wires, underneath track, or at places where equipment passes over or under.  Steel, copper or other air lines connected therewith shall not be handled or repaired when air pressure is in the line.  Shutoff valves shall be installed every one thousand feet in all compressed-air blasting lines and at all points where branch lines leave the main line.  Blowdown valves shall not be less than fifty feet from the face and in a safe place out of the line of blasting.

(c)When misfires occur with any other blasting or dislodging devices, they shall be handled under the supervision of the mine foreman, his assistant, or a competent person designated by them.

(d)Airlines shall be examined periodically for kinks or other weaknesses and replaced immediately when defects are found.

(e)When blowdown valves are opened to discharge the tube, they shall remain open until time to place the tube in the next borehole, except where shear-strip or shear-pin tubes are used.



Section 259.  Transportation of Explosives.-

(a)Individual containers used to carry permissible explosives or detonators shall be constructed of substantial, nonconductive materials approved by the secretary, kept closed and maintained in good condition.  When explosives or detonators are transported underground in cars moved by means of locomotives, ropes or other motive power, they shall be in cars having a substantial covering or in special substantially built covered containers used specifically for transporting detonators or explosives.  Explosives or detonators shall not be hauled into or out of the mine within five minutes preceding or following a mantrip.

(b)Where explosives and detonators are transported underground by belts they shall be handled in the following manner: In the original and unopened cases, if constructed of nonconductive material, or in special closed cases constructed of nonconductive material.  Overhead clearance requirements shall be a minimum of eighteen inches; stop controls shall be provided at loading and unloading points, and a competent person shall supervise the loading and unloading.

(c)Neither explosives nor detonators shall be transported on flight or shaking conveyors, mechanical loading machines, locomotives, scrapers, cutting machines, drill trucks, or any self-propelled mobile equipment.

(d)If explosives and detonators are transported in the same explosives car or in the same special container, they shall be separated by at least four inches of hardwood partition or the equivalent; the bodies of such cars or containers shall be constructed or lined with nonconductive material.

(e)No hand loader shall carry into or shall have delivered to him ant larger quantity of explosives or detonators than he may reasonably expect to use in any one .shift.



Section 260.  Unlawful to Employ Noncertified Shotfirers.- It shall be unlawful to employ as shotfirers in any gassy bituminous coal mine, any person who has not given evidence to the secretary as to his fitness and competency to handle and use an approved safety lamp, and his ability to determine the presence or absence, of explosive gas, and other dangerous conditions.  The manner of determining such fitness and competency shall be prescribed by the secretary; he shall issue a certificate to those found competent, the form of which shall also be prescribed by the secretary and the cost of such examination and certification shall be borne by the candidates; provided, that persons possessing certificates to act as mine foremen, assistant mine foremen and mine examiners in gassy bituminous coal mines shall be eligible to act as shotfirers; provided, however, that in an emergency the mine foreman may designate, temporarily, a competent person or persons to act as shotfirers, but this authority shall not be exercised by the mine foreman so long as other certified personnel are available in the area affected.



Section 261.  Electrical Shot-Firing.-Electricity from any grounded circuit shall not be used for firing shots.



Section 262.  General Shot-Firing Rules.-

(a)When gas is ignited by a blast, or a fire occurs, the person having charge of the place where the said gas is ignited, or a fire occurs, shall immediately extinguish it, if possible, and if unable to do so he shall immediately notify the mine foreman or his assistant of the fact, and warn other persons in the vicinity who might be endangered.

(b)When a miner or shotfirer is about to fire a blast he shall notify all persons who may be endangered thereby, and shall give sufficient alarm so that any person approaching may be warned of the danger.

(c)All charging and tamping tools shall be constructed of non-sparking materials.

(d)Immediately after the firing of a shot, the firing leads shall be disconnected from the supply or source of electricity and shunted.

(e)No firing machine or battery shall be connected to the shot-firing leads until all other steps preparatory to the firing of a shot have been completed, and all persons have moved to a place of safety, and no person other than the shotfirer shall make such connection.

(f)Any person firing shots shall keep the firing machine or battery in his possession at all times while blasting.

(g)Frequent tests shall be made of all blasting devices to insure that their capacity has not been decreased by use or accident.

(h)The shotfirer shall turn the approved electric cap lamp out when making an examination for gas.

(i)The shotfirer shall examine the place for gas and other dangers before and after firing each shot or blast.  The examination following a shot or blast shall not apply to those areas where stumps are being shot solely for the purpose of inducing falls.

(j)In a non-gassy mine, whenever a miner or shotfirer shall open a box containing powder or other explosives, or while in any manner handling the same, he shall first place his lamp not less than five feet from such explosives and in such a position that the air current cannot convey sparks to the explosives, and he shall not smoke while handling explosives.
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BIBLIOGRAPHY AND WHERE TO OBTAIN ADDITIONAL RESEARCH MATERIALS



Pennsylvania State Law Book

Department of General Services

State Bookstore of Pennsylvania

P.O. Box 1365                                                        

Harrisburg, Pa. 17105

Phone: 717-787-5109 Cost: $2.60 each.



Code of Federal Regulations Title 30

Parts 0 to 199



ATF: Explosives Law and Regulations



Both available from the:

Superintendent of Documents

U.S. Government Printing Office

Washington, D.C. 20402



Institute of Makers of Explosives          .

1120 Nineteenth, NW.

Suite 310

Washington, D.C. 20036-3605

Phone: 202-429-9280



National Mine Health and Safety Academy

P.O. Box 1166

Beckley, W. Va, 25802-1166

Phone: 304-256-3100



Blaster's Handbook

Sales Development Section

Explosives Department

E.I. du Pont de Nemours and Company

Wilmington, Del. 19898



Niosh

Pittsburgh Research Center

Explosive Research and Testing

Cochrans Mill Road

Box 18070

Pittsburgh, PA 15326
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