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ABSTRACT

The Mine Safety and Health Administration (MSHA) has made an extensive revision
of  i t s  ex is t ing  b las t ing  regula t ions  and approval  s tandards  for  explos ives  used
in underground coal mines. A proposed set of revised regulations were developed
and provided to mine operators, union, t rade  associa t ions ,  manufacturers  and
other interested parties for comment. Final rules were subsequently prepared and
published in the U.S. FEDERAL REGISTER on November 18, 1988. A summary of the
f inal  ru les  i s  presented and discussed. The requirements for “qualified
s h o t f i r e r ”  a r e  s p e c i f i e d .
equipment,

Requirements on the use of explosives and blasting
means of transporting explosives and blasting procedures are

addressed. New rules that apply to approval of explosives and sheathed explosive
uni ts  a re  a lso  d iscussed. In  addi t ion,  data  on accidents  involving explosives
are summarized.

INTRODUCTION

The Mine Safety and Health
Administration (MSHA) has revised its
exis t ing  safe ty  s tandards  for
blasting and approval of explosives
used in underground coal mines. The
revis ions  update  exis t ing
requirements  consis tent  wi th  current
technology. Unnecessary and
dupl ica t ive  s tandards  are  e l iminated
and alternative methods of compliance
are provided where possible. The
f inal  ru le  on Safe ty  Standards  for
Explosives and Blasting, Part 75, and
Requirements for Approval of
Explosives and Sheathed Explosive
Uni ts ,  Par t  15 ,  were  publ ished in  the
Federal Register on November 18,
1988. The effect ive  date  of  these
final rules was January 17, 1989.

The use of explosives in underground
coal  mines  presents  a  potent ia l  r i sk
for  ser ious  in jur ies  and death  to
miners. A major hazard associated
with  the  use  of  explos ives  i s  the
accidental ignition of methane and
coal dust. In  the  Uni ted  Sta tes ,
from 1982 through 1987, there were 10
fa ta l i t ies  and  126 in jur ies  as  a
resul t  of  b las t ing  accidents  in
underground coal mines (Coal Accident
and Injury Abstracts). Table 1 shows
the accident  data  for  each of  these

years . The major causes of these
accidents  include premature  b las ts ,
b las t  a rea  secur i ty ,  b las t ing  fumes ,
and misfires.

Table 1: Underground coal mine
explosive accidents,  1982-1987

Y e a r  F a t a l i t i e s  N o n f a t a l i t i e s

1982 3 19
1983 0 18
1984 1 16
1985 6 32
1986 0 18
1987 0 23

The new regulations provide increased
safe ty  protect ion for  miners  by
including requirements to address
ident i f ied hazards ,  by including more
performance oriented requirements,
and by reflecting advances in
technology and modern blasting
p r a c t i c e s . The  f ina l  ru le ,  Par t  15 ,
for approval of explosives updates
t h e  e x i s t i n g  r e g u l a t i o n s  t o  r e f l e c t
advances in technology that have led
to the development of new types of
explosives. The new regulations
cont inue to  require  the  use  of
explosives approved as permissible.
Permissible explosives reduce the
potent ia l  for  igni t ing methane gas  or
coal dust that may be present where
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blasting is performed.

BLASTING REQUIREMENTS, PART 75

The new regulations address the need
for knowledgeable and experienced
personnel to perform blasting
functions. Only qualified persons or
persons working in the presence of
and under the direction of a
qualified person may use explosives
in underground coal mines. The f inal
ru le  provides  two a l ternat ives  for
achieving qual i f icat ion. A person
cer t i f ied  to  use  explos ives  by the
State in which the mine is located
may be considered a “qualified
person if the State requires a
demonstration of ability to safely
use permissible explosives with
respect  to  the  new regula t ions . For
Sta tes  tha t  do  not  cer t i fy  persons  to
use explosives, a person may be
considered a  “qual i f ied  person” i f  he
or  she  has  a t  leas t  one  year  of
experience working underground on a
coal-producing section of a mine
where explosives are used. The
person must demonstrate to an MSHA
a u t h o r i z e d  r e p r e s e n t a t i v e  t h e  a b i l i t y
to  use  explos ives  safe ly .

The new regulations permit only
permissible explosives, approved
sheathed explosive units and
permiss ib le  b las t ing  uni t s  to  be
taken or used in underground coal
mines. Black blasting powder,
aluminum-cased detonators and
detonators with aluminum leg wires
and safe ty  fuses  are  prohibi ted .
Explosives, sheathed explos ive  uni ts ,
and blasting units must meet certain
design and performance requirements
to be approved for use in underground
coal mines.

The  ru les  for  t ranspor t ing  explos ives
and detonators underground require
s e p a r a t e ,  s u b s t a n t i a l l y  c o n s t r u c t e d
containers made of nonconductive
mater ia l . Transporting explosives
and detonators  in  separa te  conta iners
provides  protec t ion  agains t
accidenta l  detonat ion of  the
explosives by the detonators.
Nonconductive containers protect
explosives and detonators from stray
e l ec t r i c  cu r r en t  du r ing
t ranspor ta t ion .

The rules  require  that  each conta iner
of explosives and detonators be
marked with warnings to identify its

contents . Tr ips  us ing t ro l ley
locomot ives  to  t ranspor t  explos ives
and detonators must be separated from
al l  o ther  mantr ips  by  a t  leas t  a
f i ve -minu t e  i n t e rva l . The cars
conta in ing explos ives  or  de tonators
on these trips must be separated from
the locomotive by at least one empty
car or car containing noncombustible
m a t e r i a l s .

Explosives must be separated from
detonators  by  a t  leas t  50  fee t  when
transported on conveyor belts.
Conveyor belts must be stopped before
explos ives  or  de tonators  are  loaded
or unloaded.

Underground Magazines

The quantity of explosives kept
underground must not be more than
needed for 48 hours of use.
Explosives and detonators taken
underground shall be kept in separate
closed magazines  a t  leas t  f ive  fee t
apart or separated by a hardwood or
laminated par t i t ion .  The magazines
must be at least 25 feet from
roadways and any source of electric
c u r r e n t . Magazine locations must be
posted wi th  warnings  to  indicate  the
presence of  explos ives .

Explosive Materials Outside of
Magazines

The amount of explosives taken
outside of a-magazine for use in
blasting must not exceed 100 pounds
or must not exceed the amount needed
to blast one round when more than
100 pounds is required.

Sheathed Explosive Units

The revised blas t ing  regula t ions  for
underground coal mines permit the use
of approved sheathed explosive units.
The sheathed explosive unit,  which
was developed by the Bureau of Mines,
U.S.  Depar tment  of  the  Inter ior ,  can
be f i red outs ide  of  a  borehole
wi thout  the  hazard  of  igni t ing  gas  or
dust that can be in the mine
atmosphere. H i s t o r i c a l l y ,  t h e  f i r i n g
of unconfined shots has been
prohibited in underground coal mines.
However, there are situations where a
safety advantage can be gained by
using the  sheathed explos ive  uni t .
Some situations are dislodging loose
roof slabs or rock overhangs, boulder
breaking and level ing of  roof  fa l ls .
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The sheathed explosive unit is
designed to form a flame-prohibiting
c loud  when  t he  un i t  i s  f i r ed .  Th i s
cloud will prevent flame caused by
f i r ing the  sheathed explos ive  f rom
igni t ing  explos ive  gas  or  dus t
mixtures.

No more than three sheathed explosive
uni ts  a re  permi t ted  to  be  f i red  a t
one time. A separate instantaneous
detonator must be used to fire each
sheathed explosive unit. I t  i s  n o t
permiss ib le  to  f i re  sheathed
explosive  uni ts  in  contact  wi th  each
other . The sheathed explosive unit
must be approved by MSHA under the
new approval requirements included in
Part  15. The major aspects of these
approval requirements are discussed
in a  fol lowing sect ion.

Boreholes for Explosives

With the exception of sheathed
explos ive  uni ts  and shots  f i red  in
anthrac i te  mines  for  ba t tery  s tar t ing
or  for  b las t ing  coal  overhangs ,  a l l
explosives fired underground must be
confined in boreholes. Each borehole
in coal for explosives must be at
least 24 inches from any other
borehole and from any free face,
unless  the  th ickness  of  the  coal  seam
prohibits such spacing. Each
borehole  in  rock must  be  a t  leas t  
18 inches from any other borehole in
rock a t  leas t  24  inches  f rom any
other borehole in coal and at least
18 inches from any free face.

Blasting Preparation

Each borehole must be cleared and its
depth and direction determined before
loading with explosives. When
priming explosives, a nonsparking
punch must be used. Detonators must
be inserted completely in and
p a r a l l e l  t o  t h e  l e n g t h  o f  t h e
explosive  car t r idge;  the  leg  wires
must be secured around the explosive.
The car t r idge conta ining the
detonator  must  be  the  f i r s t c a r t r i d g e
loaded in  the  borehole .  Explosives
of  d i f ferent  brands  and car t r idges  of
di f ferent -diameters  are  not  permit ted
to be loaded in the same borehole.
Tamping poles used for loading and
tamping boreholes must be
nonconductive and nonsparking.

Except when blasting solid rock in
i t s  na tura l  depos i t ,  not  more  than
three pounds of explosive are
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permitted in any borehole in
bi tuminous and l igni te  mines .  Only
noncombustible material is permitted
for  s temming boreholes .  Only pl iable
clay dummies are permitted as
stemming when blasting off the solid
in bituminous and lignite mines.
Water stemming bags can be used for
boreholes  in  cut  coal .  However ,
water stemming bags must be
cons t ruc ted  of  tear - res is tant  and
f lame-res is tant  mater ia l .

Multiple-Shot Blasting

Not more than 20 boreholes are
permit ted  to  be  f i red  in  a  round
unless permission has been obtained
from MSHA. Instantaneous detonators
in combination with delay detonators
are not permitted in the same
b l a s t i n g  c i r c u i t .  O n l y  d e t o n a t o r s
with delay periods of
1,000 milliseconds (ms) or less are
permit ted  in  b i tuminous  and l igni te
mines.

When blasting cut coal in bituminous
a n d  l i g n i t e  m i n e s ,  t h e  f i r s t  s h o t  o r
shots fired in a round must be
ini t ia ted in  the  row neares t  the
kerf ,  or  the  row or  rows neares t  the
shear . A f t e r  t h e  f i r s t  s h o t  o r
shots ,  the  in terval  between the  delay
periods of successive shots must be
at least 50 ms but not more than
100 ms.

When blas t ing coal  off  the  sol id  in
bituminous and lignite mines, each
shot  in  the  round must  be  in i t ia ted
in sequence from the opener hole or
holes . A f t e r  t h e  f i r s t  s h o t  o r
shots ,  the  in terval  between the  delay
periods of successive shots must be
at least 50 ms, but not more than
100 ms.

Blasting Circuits

Blas t ing  c i rcui ts  must  be  protec ted
from sources  of  s t ray e lect r ic
current . Detonator leg wires must be
shunted until connection is made into
t h e  b l a s t i n g  c i r c u i t .  B l a s t i n g
cables must be well-insulated, copper
wire of a diameter not smaller than
la-gauge. Wire used between the
blas t ing  cable  and detonator
circui t ry  must  be  wel l  insulated with
a resistance no greater than 20-gauge
copper wire and not exceed 30 feet in
length. When 20 or fewer boreholes
are  f i red  in  a  round,  the  b las t ing
circui t  must  be  wired in  a  s ingle



s e r i e s . Blasting cables must be
hunted until immediately before
f i r i n g , except when testing for
c i r cu i t  con t i nu i t y . Immediately
p r i o r  t o  f i r i n g ,  a l l  b l a s t i n g
ci rcui ts  must  be  tes ted  for
cont inui ty  and res is tance us ing a
blasting galvanometer or other
ins t rument  des igned for  tes t ing
b l a s t i n g  c i r c u i t s .

Determination for Methane

No shot  i s  permit ted  to  be  f i red  in
an area that contains 1.0 volume
percent or more of methane.
Immediately before shots are fired,
the methane concentration must be
determined by a person qualified to
test for methane.

Examination After Blasting

After  b las t ing , the  b las t ing  area
must be examined for misfires,
methane and other hazardous
condi t ions . I f  a  round has  par t ia l ly
detonated, the qualified person must
immediately leave the area and no
person may reenter that area for at
leas t  f ive  minutes .  When misf i res
occur, only work by a qualified
person shall be performed in the
affected area . Misf i res  tha t  a re  not
found and disposed of properly can be
accidental ly  detonated during loading
or  o ther  opera t ions . Because of
varying character is t ics  of
explos ives ,
f o r

a  par t icular  procedure
handl ing misf i res  i s  not

specif ied  in  the  regula t ions .
However,
q u a l i f i e d

the  regula t ions  permit  a
person and mine management

to  address  these  s i tua t ions  on  a
case-by-case  bas is  and l imi t  the
exposure of persons to the hazard of
accidenta l  detonat ion.

APPROVAL OF EXPLOSIVES, PART 15

The f ina l  ru le  updates  the  exis t ing
approval  regula t ions  to  ref lec t
s ta te-of- the-ar t  technology and
d e l e t e s  o b s o l e t e  p r o v i s i o n s .  T h e
f inal  ru le  conta ins  genera l  approval
procedures ,  technical  requirements
for  the  tes t ing  and evaluat ions  of
explos ives , and new requirements for
the approval of sheathed explosive
u n i t s .

The revised regulations for Part 15
were effective January 17, 1989.
Explosives issued an approval under
regula t ions  in  p lace  pr ior  to

January 17, 1989, and in compliance
with  those  regulat ions ,  can cont inue
to be manufactured and marked as
approved as long as no change is made
to  the  explos ive .

One revision in the approval
requirements for explosives used in
underground coal mines is the
introduct ion of  a  modif ied gal lery
t e s t . I n  t h i s  t e s t ,  c o a l  d u s t  i s
predispersed  pr ior  to  f i r ing  of  an
explosive charge into  the  gal lery .
This  tes t  provides  for  evaluat ion  of
explos ives  under  condi t ions  tha t  are
more  representa t ive  of  ac tual
conditions in underground mines.
Another  change revises  the  exis t ing
requirements  for  toxic  gases  tha t  a re
produced by detonation of explosives
and a new method for calculating the
equivalent volume of various gases
relative to carbon monoxide is
e s t a b l i s h e d . This method is based on
threshold  l imi t  values  publ ished by
the American Conference of
Governmental Hygienists.

T h e  t e s t  f o r  a i r - g a p  s e n s i t i v i t y  h a s
been changed from a half-cartridge to
a 7-inch cartridge method.
modification includes marking the
wrapper of each cartridge and each
case of approved explosives with the
tes t  de tonator  s t rength  and the
minimum product firing temperature.
A “ tes t  de tonator”  i s  an
instantaneous detonator having a
s t rength  equivalent  to  a  de tonator
with a base charge of 0.40-0.45 grams
PETN. A tes t  de tonator  i s  used  to
tes t  explos ives  submit ted  for
approval under the new requirements
of Part  15. In  addi t ion,  the  lowest
product temperature at which an
explosive is approved for use under
the  newly revised Par t  15 is  def ined
as the “minimum product firing
temperature .”

Test Requirements for Explosives

Test requirements for approval of
explos ives  cons is t  of  a  ra te-of -
de tonat ion  tes t ,  an  a i r -gap
s e n s i t i v i t y  t e s t ,  a  g a l l e r y  t e s t
using methane! a  g a l l e r y  t e s t  u s i n g
methane and bituminous coal dust, a
pendulum-fr ic t ion  tes t ,  and a  tes t
for  toxic  gases .

T h e  r a t e - o f - d e t o n a t i o n  t e s t  i s
conducted on an unconfined 50-inch
column of explosive. T h e  t e s t  i s
intended to determine whether an
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explosive has a tendency to misfire
o r  p a r t i a l l y  d e t o n a t e .

T h e  a i r - g a p  s e n s i t i v i t y  t e s t  i s
modified from a half-cartridge method
to a  ‘ f - inch car t r idge method.  In
this method, two 8-inch cartridges
are used. One inch is  cut  off  the
end of  each car t r idge. The
car t r idges  are  p laced in  a  paper  tube
with  the  cut  ends  facing each other
with an air gap between them. The
explosive must propagate across a
3- inch a i r  gap when the  tes t  i s
conducted at a temperature between 68
and 86 degrees Fahrenheit. The
explosive must also propagate across
a 2-inch gap when the test is
conducted at the minimum product
f i r ing temperature  speci f ied  or
41 degrees Fahrenheit, whichever is
lower.

Two gallery tests are conducted on an
explosive to determine the
incendivi ty  when f i red into a
flammable atmosphere. One test is
conducted by firing explosives from a
steel  cannon into  a  long gal lery
containing approximately 8 percent of
na tura l  gas . A n o t h e r  g a l l e r y  t e s t  i s
conducted by f i r ing explosives  in to  a
mixture of bituminous coal dust which
is  predispersed  in to  a  4  percent
natural gas atmosphere.

The pendulum fr ic t ion tes t  i s
conducted on a small sample of
explosive. The explosive is placed
on an anvil and the pendulum is
adjusted and released from a height
of 59 inches. The test demonstrates
whether the explosive is unduly
sensi t ive  to  impact  and f r ic t ion .

The test for toxic gases is made by
f i r ing a  l -pound explos ive  charge
from a steel cannon into a large
chamber. The gaseous products
resul t ing f rom detonat ion of  the
explosive are  col lected and analyzed
f o r  t o x i c  g a s e s .  T h e  e q u i v a l e n t
volume of each toxic gas produced,
re la t ive  to  carbon monoxide,  i s
determined by multiplying the
measured volume of the gas by a
convers ion factor . The conversion
factor  i s  equal  to  the  threshold
l imit  value,  t ime weighted average in
parts-per-million for carbon monoxide
divided by the  threshold l imit  value,
time weighted average for the toxic
gas. The total volume equivalent to
carbon monoxide of the toxic gases
produced by detonation of the

explosive is the sum of the
equivalent volumes of the individual
toxic  gases .

TEST REQUIREMENTS FOR SHEATHED
EXPLOSIVE UNITS

The tes t  requirements  for  the
approval of sheathed explosive units
are new. Each sheathed explosive
unit must not contain more than l-1/2
pounds of an approved or permissible
explosive. This quantity of
explosive is the maximum amount used
in the prototype units designed and
tested by the Bureau of Mines and
found to be adequate for all
situations where sheathed explosives
are  l ikely  to  be used. A drop test
is conducted on sheathed explosive
units to determine whether the
contents  of  the  uni ts  a re  suscept ib le
to shifting or damage under
conditions comparable to those likely
to be encountered in underground
mines.

Four gallery tests are conducted on
sheathed explosive units to determine
their  incendivi ty  in  mixtures  in
methane and coal dust. In one
g a l l e r y  t e s t ,  t h r e e  u n i t s  a r e  p l a c e d
two feet  apar t  on  a  concre te  s lab  in
an explosive methane-air atmosphere.
In  th is  tes t ,  an  evaluat ion under
condi t ions  s imula t ing the  b las t ing  of
fallen rock in an underground mine is
made. A second gallery test using
the same arrangement of sheathed
explosive units is conducted in an
explosive methane-air atmosphere in
which bituminous coal dust has been
predispersed . A  t h i r d  g a l l e r y  t e s t
is conducted with three sheathed
explos ive  uni ts  ar ranged in  a
t r iangular  pa t tern  in  a  s imula ted
crevice formed by two concrete slabs.
This test is made in an explosive
methane-air atmosphere to simulate
conditions of blasting an overhanging
roof  s lab . A  f o u r t h  g a l l e r y  t e s t  i s
conducted with three sheathed
explos ive  uni ts  ar ranged in  a
t r iangular  pat tern  in  a  corner  formed
b y  t h r e e  s t e e l  p l a t e s .  T h i s  t e s t  i s
made in an explosive methane-air
atmosphere to simulate conditions of
blasting along a rib where
compression and reflection of the
explosive shock wave are produced.
A detonation test is also made on
sheathed explosive units when fired
at the minimum product firing
tempera ture  es tabl ished for  the
explos ive  used in  the  uni t ,  or  a t
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41 degrees Fahrenheit for units with
previously approved explosives. The
t e s t  e v a l u a t e s  t h e  e f f e c t  o f
temperature  on the  sensi t iv i ty  of  the
explosive and the performance of the
f lame-inhibi t ing mater ia l  in  the
u n i t .

SUMMARY

In the final rules, MSHA has
reorganized,  updated,  and c lar i f ied
exis t ing  regula tory  provis ions  for
the use and approval of explosives.
MSHA believes that the clarification
o f  t h e s e  r u l e s  w i l l  f a c i l i t a t e  b e t t e r
understanding and improve application
o f  s a f e  b l a s t i n g  p r a c t i c e s  i n
underground coal mines.
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