GENERAL ATF REGULATIONS CON CERNIN G EXPLOSIVES

. (Revised September, 2005)

- Please read the following information:

. Itis Cal/OSHA’s policy not to reunre Federal ATF Clearance Permits or Llcenses before tes’ung fora
California Blaster’s License. - . '

However this policy does not exempt Cahforma Blasters from Federal ATF regulations Wh1ch are briefly
outlmed as follows: :

-

a. If you are a manufacturer, importer, or distributor of explosives, you must have an ATF -
License to perform these activities. :

b. If you are a company or self-employed blaster who purchases, transports or uses explos1ves you must
have an ATF Permit. Also, the Responsible Persons must be 1dent1ﬁed, and submit their ﬁngerprmts
and photographs to ATF for a background check.

An unemploved blaster must also have an ATF permit to purchase, transport, or use explosives.

¢. If you are an employee of a company holding an ATF License or Permit, and you will possess
- explosives, actually or constructively, your employer, if they have been given a 3-year license by
ATF after June 1, 2003, will have to submit your name and information about you to ATF within 30
_ daysfora baokground check, as an “employee possessor or EP. Constructive possession includes
[drivers, magazine keepers, and others who may come in actual contact or have access o explosive
matenals

"Whether or not a background check has been conducted, all ATF explosive licensees and permitees
(and employers) must not knowmgly allow any proh1b1ted person to purohase transport ot use ‘
explosives. ? :

Prohibited Persons usually include:
1.) A person under indictment for or convicted of a felony

. 2.) A fugitive from justice '

3.) An unlawful user of or an addict to a controlled substance (drug user)
4.) An adjudicated mental defective
5.). An alien (with certain exceptions) ' -
6.) A person who has been dishonorably discharged from the Armed Forces '
7.) A person who has renounced U.S. Citizenship

d. Ifyouhave any ques‘uons regarding these Federal Pohcles you may call ATF at 202-927-23 10 or g0 |
onlme to: www.atf.gov ‘ ‘ , ‘

Cal/OSHA Mining and Turmeling Unit
" Blaster’s Licensing Program -
1367 E. Lassen Ave., Suite B-4 .
Chico, CA 95973
530-895-6938



BACK TO BASICS:
IMING
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INITIATION
SYSTENS

4 considerable
amount of energy is
required o initare 2
high explosive such
2s a dynarmite or cap-
sensitve slumry. In -
biasting, high explo-
sives are inidiaced by a
dezonator. which is 2
capsule containing a
senes of reiatively sen-
siive explosives chat
can be readily init-
ared by an ousside
energy source. Blasting agears. which
are the most common products used as
the maincolumn charge in the blusthole,

© areeven less sepsigive 1o initauon than”

high expiosives. To assure depeadabie
trudntion of these produets. the initeitor
15 usually placed inro a1 contiiner of
high explosives, which in tumas placed
inro the column of blasting agent

An iniriarion swstem consists of Lh::-‘
b..sxc padts.

B Apinidal energy source.
B Ap energy disuibution nervwork thar
. Cornvevsenergyino the mdmuusl biast-
holes,
B Anin-the-hole tomponentthar uses
energy fom thedistribution aetwork o
initiate 1 cap-sensitve explosive,

The injrial eniergy sourcamay be elec-
uical suchasa generator oF Lonqi:mcr—
discharge blasting m:lchm: J0r 2
poweriine usedio ¢ncr'nzc an electrc
blasting cap. ora heatsource such as 2
spark genemrorora match: The energy
<conveyed 0 and info the individus)
Di:uamole.s may be slectriciry, » burung
fuse. 2 h;gn-cn::rgy explosive detoan-
bon. or 2 low-energy dust or gas.deto-
nation. Figure | showsa tvpical detona-
tor or “business end” of the uuoon

The initial energy source . may be electrical,
 such as a generator or condenser-
discharge b/asz‘mg machine or a powerline
used to energize an eleciric blasting cap,
or a heat source such as a spark
generator or a maich. The energy
conveyed to and into the lndzvzdua/
blastholes may be elecltricity, a burning
fuse, a high-energy explosive detonation,
or a low-energy dust or gas detonation.

svstem. This deronaor, when nsemed
into 1 cup-sensitive explosive and act-
vared, will initiare the detonadon of the

expiosive column. Commerciul deto-

futom vary instrength from No. BoNa.

1 .-\.h'.hou_._.h No. 9 and No. 8 detona-

fors are the most common. there is 2
rend toward higher strength detonu-
tors. particulary when blasting with
cap-sensitive products which are less:
sensitive than dynamites,

The primeris the unit of cap-sensitive
explosive conuihing the detonator.

Where the main blasthole charge is |

high explosive. the detonator may be

inserted into the cofumn at any point.:
-However, mostorthe products used for

blasting today (blasting agents) are in-
sensinveé to 2 No. 3 deronator. To deto-
nate these products. the deronaror must
be inSerted into 2 unit of cap-sensitive
explosive, which in num s inserted info
the blasting agenar coiumnarthe desired
point of initiation,

The discussions of the vardous initia.

don and prrmung svsiems will concen-
trare pnmarily on common pracuce.
With each system there are opaon

echruques and “tneks of the trade” that
increise system vessanlity, Iris 2 good

idea to confer with
the manufacturer
before 'finalizing
vout initiaion and
priming program. so
vou fullyundersrand
how to best use a
specific system,

DELAY SERIES .

Figure | showsun -
instintaneous deto-
nuor. [n this type of
detonator. the base
charge deronates
within a millisecond
.Or two affer the extemnmal eneryy enters
the deronacor. However. in most typey
of biasting, time intervais are required
berween the detonaton of various
blastholes or even berwezn decks within

a blastnole. To uccompiish this, 1 delay

slement coneaining 4 buming powtier
is placed immediely before the prim-
ing charge in the deronuor. Figure 2
shows 2 delay detonator.

There- are thres basic defay sedes:
slow or unnel detays. fast or muilisec-

“ond delays, and coal mine delays for

use in underground coal mines, For all
cormmmercial deiny detonators. the delay
time is deresmined by the length and
buminy. e or the delay sowder coi-

" urmin. As 2 resuil, slow delay caps may

be quite long in dimension whereas
lower pericd millisecond deiays are

| shomer. Although the timing of delay

detonaiors is suficiendy accurate for
most blosung nesds. these delays are

| aor precise, as indicated by recent re-

search, Receaty. however. manufac-
turess’ tolerances for some deiay caps
have bezn ugheened, It is imporanr 1o
use the manuracturers recommendea
currenc jeveld to indbare elesric Siasnng
aps. Curentlevels ubove or below the

: ' ' ET
16 - SEERA "511; gl




i high currens <an
. speed up delay fring draes. Near the

minimum firing current, delays canbe.
‘come exrremely errate.

" Slow delays ace useful un-
derground undertightshoot-
ing condidons where itis es-
sential that the burden on
on=hole moves beforeasub-
sequent hole fires. This situ-
ation may oceur in mnnels,
shafis, underground meml-
nonmenil mines. and in’
trenching. Slow delays are
available with all initiaton
systams exceptsuriace deo-
nating cord and delay ecast
primers. Delay incervals are
typically 0.5 to 1 sec.

Millisecond delays are the

mostcommonly used delays
and are useful wherever the
tight conditions previously menuoned

are not present. Millisecond delays pro- '

vide improved [ragmenwtion. con-

trolled throw, and reduced ground vi-

bration and airblast. @s compured with
simulrneous firing. They are availiple

e wowniors, delay impervals are 23
to 59 ms in the lower periods and are
longer in the higher periods. In deto-
nating cord delay connecrors, the delay
may be as short 2s 5 ms.

Coal mine delays are a special
" Series of millisecond delays. Since
only electric initiation systems are
permissible in underground coal
mines, coal mine delays are
available only with electric initiators.
Delay intervals are from 50 fo 100
-ms, with instantaneous caps being

prohibited.

Coal mine delays are 3 special séries
or millisecond delys. Since only clec-
tric initjation sysiems are permissible in
underground coal mines, coxl mine

- delays are available only with electric

initiators. Delay intervals are from 50 10
100 ms, with insunaneous

—— energy input .

'

- .crirnp
Y. </ |

hE i tem e amm s

ignition :
~ compound i

priming
charge

¢ips being prohibited. Coal
inine delay caps always utilize

" copper allov sheélls and ron
leg wires. fron leg wires are
1lso available optionully wich
ordinury clecrric detonutors
andare used primarily o facili-
mie magneric removad of the
wires from the muck pile. such
as in ronu and salt mines.

! EIECTRIC INITIATION
Electric. initiation hus been
used for many vears in both
sunaceandunderground blast-
ing. An glecuic blasting cap
consists of two insulated leg
wires that pass through a wa-
terproof seal and into a4 metad
capsule conmining a series of
explosive powders(fig. 3). Leg
wires of various lengths are
availible roaccommodzie vai-
ous borehole deprhs. [nside
the capsule the two leg wues
are connectzd by 2 fine tia-
ment bridge wire embedded

in 1 highly heat-sensitve <<=

O e L-'P\Jll N ..Lyl.luuu.u_u h rthehe bl i
current the bridge wire heas suficiendy

* 1o indtinte the ignition mixgure, whickin

turn initiaces 2 series of less seasitive,
more powertul explosives, Detonators
are avaiiable in strengths mnging from

.about No, 610 Ne. 12, with

." - No. 6and No. 8 being most
common. Trends recentdy
are toward higher swength
detonators. '

- Mostelecuicblasting eaps
have copperlegwires. Iron

. leg wires are avaiizdle for
use where magnetic sepa-

legwiresarthe prepasation
plant. atlas PowderCo, has .

bookthar describes elecuric
blasting procedures in de-
g (13,4 )

The Saf-T-De: and
Magnuder electric biasing

capsare rvo recent developmens. The -

Sar-T-Det rusemblesa standurd electhic
blasting cap but hias no base charge, A
length of 100-gr orless detonatng cord

"1 inserted into 2 well to act 25 1 base

charge just beore e primer s made
up. The device i similar 1o an electric

. blasting cap in regard to required firing

currents and exuanecus electhcity haz-

ards. The Sar~T-Det is manuteured in.

fndix and is not available in the United

- States ac thus time.

The Magnuadaet s alse similar ©
standard electric blasting @ap, except
thar the end orfeachcap lead conmins a
plastic covered ferrite toroidal nng. The
systemn is hooked up by passing asingle
wire through each ring. A specil binst-
ing machine is used o fire these deto-
nators. The munuracrurer, ICT of Scot-
land. claims euse of hookup and
protection aguinsvestraneous clectrie-
iy 25 advanmges of this sysiem.

TYPES OF CIRCUTIS =

In order fo fire electric binsting cps.
the caps must be conpected into -
cuits and energized by 2 powersource,
There age three fypes of electric biasnng

circuies tfig. 4). [n order of prerereqee

they are senes. parallel seney, and par-
allel. .

In senes circuts all the caps are con-
nectedconsecudvely so thatthe current

from the power source has only pne -

ration isused to remove the” -

preparedanexceflenthand- .
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“als0, all the caps receive the same
amourk of current,

Figure 5 shows recommended wire
splices for blasting circuits. To splice

two small wires, the wires are looped
. andrwisted wogether. Toconnecta small

wire © 2 large wire, the small wire is
wrapped around the large wire.

" Theelectrienl resistance of a series of
caps is equal 1o the sum of the resis-
rnces of the individual caps. For most
blasting machines, it is recommended
thar the number of caps in 2 single
series be limited to 40 to 50. depending
onthelegwire length. Longer leg wires
require snallerseries. The limit formost

- smalltwistiype blasting machines is 10

caps with 30-ft leg wires.

" Many blasters minimize excess wire
barwean holes o keep the blast sire
from being clunered. The ends of the
cap seres are extended o 1 point of
safety by connecting wire, which is
usually 20 gage. bue should be heavier
where drcuit resistance Is a problem or
when using parallel circuits, This con-

necting wire is considered expendable
and should be used only once.. The |

connecing wire is in tumn connected 10
the liring line, which in mm is con-
necrad (o the powersource, -

The firing line contins two single
conducting wires of 12 gage orheavier.
and is reused from shot to shot. It may

.be on 2 ezl mechanism for pormbility,

or may be installed along the wall ofa
tuane! in an underground opemiticn.
[nstalled firing dines should not be
grounded, should be miade of copper
mtherthan duminum. and should have

Jelcircuits fortwo ressons. Finst

—wn 2%t gage or heavier and
may be either bare or insu-
ared. Where bare wires are
used. care must be exercised
10 prevent excessive current
leakage o the gmund. [t is
recornmmended thar insulated
bus wires be usedand tharthe
insulation be cutawayat point
of connection with the blast-
ing capseries. Toassure equal
cunreatdistriburion o each se-
res, one bus wire should be
reversed o5 shownin figure . !
With pamliel sedescircuics, 14
gage orheavier zage connect-
ing wire is used to reduce the
total cireuis resistance.

The third tvpe of blasting
circuir is the stmighr parmllel
drcuit. The -steaight parallel
circuit is less desirable to wse
than the serdes orsenes paral-

- o r——

avmve

its purure is such thatic cannor
i

be checked. Brokea leg wires |

—= energy input

priming

charge

or faulty connections cannot Figure 2. Deiay deronaror.

be detecred once the circuir
hzs been hooked up. Second. because
the available current is divided by the-
numberofcaps in the circuit. powerine
firing must oriea be used o provide
adequare current for large parallel cir-
cuits. The problems associated with

‘ powe'h.m: firing will be disclissed later.

Paralle! circuits are not appropnnce
for surtace blasting but they are used (o
some extent forunne] blasting. Pamlilel
circuits are sirnilar o parallel serdes ex-
cept thut instend of each end of 2 sedes

‘ciscuit being connected to adétue bus

EXPLOSIVES RECRUITING
SPECIALIST

CONSIDERING
A JOB CHANGE?

LOOKING FOR
EMPLOYMENT?

- SEEKING A QUALIFIED
PERSON TO FILL '
- A VACANCY

IN YOUR ORGANIZATION?

wires, each leg wire of each cap is Contact Dan Hall, amining engineer
connecied directy o the bus wires, as and SEE member, for a confioental
showninfigure «. Inunderground blasts listing of your qualificatians or posi-

using parallel creuis, bare bus wire is tion. oescngtz‘on. Let a professional .
assist you in your ssarch.

2 15k lighming gap near the power
source o guard against premanyie blasts.
The firing line should be inspected fre-
quendy and réplaced when necessary.

When the number of caps in a round
exceeds 40 1© 50, the pamllel series.
circuit is recommended.’in 2 paralle]
series drcuit the caps are’ divided into
2 pumber of individua!, :c"xcs.' Each
series should conmin the same number
of caps or the same resistance © assure
even current distnburion. The g wires
O the capsin each serics are connecied
conserutively, Next. v0 bus wires, 2s

shown in figurs 4. are placed invsucha |
* position that wuch end of each seney

can be connected as shown in the lg-

usually strung on wooden pegs driven:

into the face to avoid grounding. As
with pamllel series circuis, the buswires
are reversed as shown in figure 4.

Ina paralle! crcuic the lead wire (fi-
ing line) represents the largest resis-
tince in the circuit, Kezping the lead
wire a8 short a5 possible. consistenc
with sufery, is the key 1o firing large
numbers-or caps with parallel circuics,
Doubling the length of the lead wiri
reduces the numberof caps that can be
fired by almost balf, Heavy (12 © Ly

| 'PEASONNEL
NETWDRK  FAX: 215~37-1027

’

Rl SR g T

S-H-§ TITEARLTIOMRL
OF ALLENTOWN

1401 N. CEDAR CREST BLVD.
ALLENTOWN, PA 18104
275~137-3351

Celebrating 25 years of
continuaus service.

1967 1982
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- “uce the resis- . operated vigorously to the end of the stroke termd of the

mnce. . J4-zage ) r : ‘numberofmps

connscmns because the current flows qrg/y atthe end of the — 2umeres

wire, cthesthan stroke. Because the condijtion of a generalor The resis-
alightergage, is 4 ; 4 y : TR T tance calcula-
g blasting machine dez:‘enoraz‘es yvfz‘/_v time, it is o fora paml
w reduce the  JMPOriant that the machine be periodically checked  ieisedes ciruie
circuir ‘resis- - pp— is 25 follows.
S, "erh'a rheostat g’eszgged for that purpose. T/f)e P dhe e
K directions for testing with a rheostat are conifained  wnce of each
CIRCUIT ' o capseresiscal-
AT ALLTIONS on the rheostar case or on the rheostar itself e 25 e,
Only the very ' T ‘ - . : viodsly de-
_ should referto a demiled eleciricblast. | Scribed. Remember. in 2 good parallel

. basics of circuit calculadons are cov-
ered here. For more demdl on crcuit
calculations or other of the maay intr-

cacies of electrical blasting the reader .

ing handbook such zs reference 2. Fig-
ure 5 shows the resistance ealculations

_forcap circuits forsedes, pamllelsedes,

and stmighr parallel circuits.

Cemmmimbe g

: S leg wirzs
]
o [

—

2
L

t - Crmps i

- defay
powder

- The resismnce of a series
circuit is the easiest.o calcu-
lare. First. the resistance of a
single cap. a5 specified by the
ranufacturey, is multiplied by
the number of caps to deter-
mine the resiszance of the cap
. circuic. To this is added the

: . resismnce of the connecting
wire und that of the firing line
to determine the resistance of
thetoral circuit. Since the firing
line connins two wires, there
will be 2 [t of wire for every
foot or firing line. Where bus

I wire is used (purallel or paral-

/ o~ E;;i’gg " lelseries dircuits) the resistince

4 w i orone-halforthe lengthor the

{  brdge | \ i bus wire is added to find the
;o wire \\ dela * toral circuir resistance, When
! ) \ cnar)g,;e firing from a powetline. the

primer *

i volage of the line divided by
+  theresistanee of the circuirwill
givethe cusrentilow. Inasingle
séries circuit, all of'this current
tlows through ¢ach cap. The
minimum recommended fir-
ing curent per cap is 1.5 amp
dc or 2.0 amp ac. The cument
outpur of condenser (capaci-
tor) discharge blasting ma-
chines may vary with the cit-
cuic resistance. burnot lineardy.
Manutacnurer's specificanons

mine the ampemge of 2 spe-
cific machine across 2 given
resistancs. For a genemior

" binsting machine, the manu-

must be consulted 1o derer-.

series circuir the resistance of each se-
ries should be equal. The resisance of
a single series is then divided by the
number of sedes o find the resistance
of the cap cireuic. To this are added the
resisance of half the length of bus wire

- used. the resistance of the connecting

wire. and the resistance of the fihng -
line, t© obmin the towl ercuir resis-
tance. The locadons of the bus wire,
connectng wire. and fidng line are
shown in figure 4. The curent dow i
determined either by dividing the
powerline voltage by the circuir resis- -
tnce or in the case of 3 condenser
discharge machine, by checking the
manuRcnurer’s specificarions, The cur-
rent flowv is divided by the number of
jerdes 1o deregmine the cument flow
through each series. S

Forstmight paralle] circuits. the resis-
tance of the cap circuit is equal o the
resistance ofasingle cap divided by the
pumber of caps. As canreadilybe seen,
this is usuzlly 2 very small value. For 20
shortleg wire caps, the resistance is less
than 0.1 ohm. The resismnce of.the -
connecting - wire, the firing line, and
dne-half the bus wire areadded 1o find
the toml resistance, The current flow is
‘derermined inthe same manneraswith -
series and parallel seres circuits. The
current flow is divided by the number
of caps to determine the cument How
through each cap.

POWER SOURCES _
Elecinc blasting circuits can be ener-
zized by genemior-type blagitg ma-
chines, condenser-discharge blasting
machines, and powerlines. Stormge and
dry cell bateries are deflnitely not rec-
ommended for blasting becuse they

20
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of the mck-bar (pushdown) orthe key-

rwist type. The capacity of rack-bar
machines ranges from 30 o 50 caps in
asingleseries, while key-tvistmachines
will normally initiare 10 or20 caps inz
single series. The acwal cumrent putout
by these machines dependson the coa-
dition of the machine and the efforr
exered by the shotfirer. When using 2

rack-barmachine, the rerminals should

be on the oppaosire side of the machine

‘From the operror. Both the mck-bar

and rwist machines should be operared

vigorously o the end of the swoke

because the current flows only at the
end of the swoke. Because the condi-
tion of a generator blasting machine
deteriorates with dme. it i imporant
thar the machine be penodxc:tﬂv
checked with 2 rheostar designed for
that purpose. The directions for testing

with 2 theostt are connined on the -

rheostat case or oa he feostat itselfl
Although the genemator machine hzs
been 2 dependable blusung tool. its

limited capucity and varfubie output

have caused it 1o be replaced. for most
applications, by the condensericapaci-
tor} discharge machine,

as the name implies. the capacitor

discharge (CD) maéhine empiovs dryv .

el bamedes to charge 2 series of ca-
pacitors. The eaergy siored in the ca-
pacitoris then dischargedine the blast-
ing cireuit. CD machines are available
in 2 varery of designs and capaciies,
with some capable of firing over 1.000
caps in a pamllel serjes circuic
All CD machines operate in basically
the same manner. One bunen or switch
isactivaredio charge the capuditors dad

asecond bunon orswitch isacuvaredio

fire Lhe blast. An indicator light or dial

indicates when the capacitoris charged -

" used in‘conjuncrion with millisecond

10 its rarad capacity. [deully, the overall -

. conditions of 2 CD blasung machune

should be cherked with an esclioscope.

However, the current.ourpyg, can be -

checled by using 4 specnily designed
serup combining 2 theostt and a resis-
tor(1)orby using 2 capacitor discharge
checking machine 3). The powdersup-
plier should be consulted as 10 the
availability of machines for ghecking
capacitor discharge machunes!,

A sequendal blasung machine is o

e o ) B DEPEALE
circuis witha orcaclec;ed timme interval
berween the individual cireuits. When

delay electricblasting eaps, the sequen-
tinl machine provides 2 very large num-
berof separate delay intervals (2). This
can be useful in improving fragmenta-
ton and in conuolling ground vibra-
tionsand airbiast Because blast panem
design and hookup can be quite com-
plex, the sequenrial b{z.sung machine

persons or under the guidance of 2
consultanc or.a powder company rep-
resenmtive. A poorly planned sequen-
tal timing pamem will fesult in poor
Iragmentation and excessive overbreak,
Ayrock, ground vibrartions, and aoise,
The third altemnative for energizing
electric blasting drouits is the powetdine,
Powerdine blasting is often done with.
paraile] circuits where the Gpacity of
available blasting machines is inad-
equare, When fring off a powerline,

‘RESULTS

EXPLOSIVE

Neka Softwars continues to revolutionize the |
way blasting enginesrs do their Tz(uba with a new,
enhanced version of BlastCalc™ . In the mining,
construction, foresry and crploswc manufac.
ruring and sales indusmies, BlastCale™ 3.0 15
achieving explosive results,

BlastCalc™:.3.0 is 3 powertul. camprehensive
software puckage thar allows you 1o invesrigate
every possible variuble before you blast and to
cost the job down (o the last peany, Over35
conversion and calculation screzns cover every-
thing frofm amperes (o detonation velocites.

Using interacrive calcularing scresns. you can
examine fest seznarios. using differentexplosive
products, joading dnd priming methods, rock
types, borehole tming delays and pagems.
MInimize costs.

‘BlastCale™ 3.0 coptains more :h:m 1100
definitions of explosive. blasting, mining and
geological terms that can be accessed with the
touch of akey. And BlastCale™ 3.0 lats you
uncover trends in pertormancs and cost fosear
and more eificienty than ever berore.

Fora price or S850.00 for the Internatonal
version or $750.00 for the Impenal or Memic
varsions, BlastCale™ 3.0 can um your Bl
compatable cnmputcr into 2 tool thar helps you
- maximize profis. A demo disk is available’ an
request. Call or mml mc coupon today!

N
1 Noka Software Systems [ne.
1 119 Sohnston Road
; Norta Bay, Oatario. Canada P1B 8GI
{ TEL: (705) 495-1366 . * Tlmperial __51/4
; FAX: (705) 495-6054  OMemic T34
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i circuil An even bemer solution, if

possible, ts 1 use a high-outpur G-
pucitordischarge machine to fire the
shot using 2 paralle! series circuit if
necessary. ‘

CIRCUIT TESTING
i . Itis imporman: to check the resis-
{ mnce of the blasting circuit 1o make
! sure thar there are no broken wires-
! or shor circuits and that the resis-
, tance of the circuit is compatible
with the capacity of the power
; source. There are rwo types of blast-
| ing circuit esters; 2 blastng galva.
{  nometer(acruallyan ohmmeter)and
! a blasting muliimeter, The blasting
; gabvanometer is used only to check
i thedrouitresistance, whereasablase-
' ing mulimerercan be vsed o check
resistance. ac and de volmge, stay
currents. and current leakage (1).
Ouly a meter specifically designed
forblasting should be used to check
blasting circuits, The output of such
meters is imited t0 0.05 amp. which
will not detonae an electricblesting
cap. by the use of a silver cn.IOndc
banery and/or intermat current-lim-
iting circuirry.

Other equipmentsuchsa -Throw-
away” go-no 80 deviee for testing
circuits and 2 contnuous ground

. current monitoris available, The ex-
plosive supplier shouid be consulied
to determine what specific electrical
blasting dccessory equipment is
available and what equipment is
-needed fora given job. .

i lItis genemily recommended that
: each component of the drcuit be
! checked as hoolup progresses, Af-
ter each component is rested, it
should be shunted. Exch-cap should

Figure 4. Types of electric blasting circuus,

be checked atter the hoie hus besn
loaded and before stemming. In this

4
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the line should be dedxcnt:d o 5£n.sung
alone, should conmin at, least™. 15-1t
lightning gap, and should be visually
checked for damnge and for resistance
on 2 regular basis, Powerline shooting
should not be done unless precautions
aretaken to prevent arcing. Arcing can
result in erracic tming, 2 hangtire, ora
mnrc. .

hY

Arcingina ap resulrs from :::cc&,szve

heat buildup, which is cwsed by oo

much current applied for wo long 2°
period of time. A cument of 10 ampor

more continuously applied for a sec-

ond grmore cancausearcing. To guard

apninstarcing the-binster may either use
1 blasting switch in conjuncton with
the powerline or add a Na. 1 period
millisecond delay cap, placed ina quar-
ter suck of explosive, to the circwit and

way, 2 new primercan be inserced if

a broken leg wire is dutected: A oml

dedection of the circuir rester peedle
(no resisance) indicates a shor circuit.
Zero deflection of the needle (infinite
resistance) indicates 2 broken wire. Ei-
ther condinon will prevenr 4 blasting
cap. and possibly the wnole circuit,
from firing.

Before testing the blasting circuit, its
resistance should be clculared. After
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" checked and compared

resistance of the cirewir is

with the caleulated value,
A zero deflection at this
tirrie- indicates 4 broken
wire or 2 missed connec-
tion and an excessive de-
Hection indicares 2 short
circuitberwesn rwo wires.

Afier the dircuit resis-
mncehas been checkedand compared,
the connecting wire is then added and
the drcuitis checked again. Ifa parallef
series circuit is used, the change in
resistance should be checked as each
saries is added 1o the bus wire. In 2
straight paralle] circuit, 2 break in the
bus swire can somerimes be detecred.

"However, a broken or a, shorred cap

wire cinnot be detected in 2 suaight
parallel circuir because it will noraffect
the resistance significaady.

wic two wires at one end of the line are
Shunted and the other end is checked
with a blasting meter. A large
deflection indicates that the firing line is
not broken; a zero deflection indicares

g broken wire.

A final check of the circuir is made ar
the shotfirer’s locaton atter the firing
line has been connected, Ifa problem is
found in 2 completed circuit, the circuit
should be brokez up into separmte parts
and checked to isolite the problem.

{* The firing line should be checked fora

breakrorashorraftereach blast, orarthe
end of each shift. as 2 minirmum. -

To check fora break in the firing line.
the two wires ar 6ne end of the line are

shunted and the other ead is checked
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large deflection indicates
' that the firing line is not
broken; i zero deflec-
ton indicaes a2 broken
wire, To test fora shore.
the wires ar one end of
the lead line are sepa-
rated and the other end
is checked with the
meter. A zero deflection
should result. IFthere isa
deflection.” the lead line hus a shorm
circuic. Embarrassing, hazardous, and
costly mistires can be avoided through
proper use of the blasting galvanom- -
eter or blasting multimeter.

* Cermain conditions such as d:umged
insulation, damp ground, 2 conductive
ore body, warer in a borehole, bare
wires tbuching the ground. orbulkshurry -
in the borehole may cause curreic ©
leak from 2 charged circuit. Although
this is not 3 comunon ocrurence, you
may wanr o check for it if you are
experencing unexplained misiires. To
properly check forcurrent leakage vou -
should check with a2 consuitne or an
electric blasting handbooie (1), Mea-
sures for combaring curent leakage
include using fewer caps per circuit.
using heavier gage lead lines and con-
necting wires, kesping bare wire con-
nections from touching the ground. or
using 2 nonelecwric initiaton system.

c—

EXTRANEOUS ELECTRICITY

The principal knzard associated with
clecric blasting systemns is lightaing,
Extraneous clectricity in the form of
stray currents, static ¢lecuicity, and -
dio-frequency ¢nergy. and from high-
volrge powerlines can also be 2 haz-

* ard. Electric blasting cups should notbe

used in the presence of stray curents of
0.05 aump or more. Stay Cumreats usu- -
ally come trom heavy equipment ar

' power svstems in-the arez. and are
" ofien curied by metl conductors or

high-voltge powerlines. Arias (1) out-
lines techniques for checking for sty
currenrs. [nstruments havée recentdy
been developed which condmuously
monitor ground currents and sound an
alarmm when .an exésss cumenr is de-
tected. The supplier sHouid be con-
sulted 25 to the availabiity or these
unics,
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preumatic londing, pusticles cuzied by
high winds, paricularly in a dry ammo-
sphere, and by rubbing of a person’s
clothes. Most elecuic blasting caps are
stdc resismnr. When pacumarically
louding blasting agents with pressure
pots or veénturd loaders, 2 semi~conduc-
tive |oading hose must be used, a plas-
tic borehole liner should not be used,
and the loading vessel should be

grounded.

Elecrrical storms are 1 hazard regard-
less of the type of initiation” system
being used. Even underground mines
are suscepdble o lightning hazurds,
Upon the approach of an elecrical
storm, loading opemtions must ceuse
and all personnel must refreac o 4 safe
location. The powder manutacrurer
should be consulied on the availability
of comnmercial storm warning devices.
Some.operaors use siuc on an AV
mdio as a crude detecror of approach-
ing storms. Weather reporms are also
heiptul,

Broadcasting stations. mobile mdio
transmimers, and mdar installadons
presenr the hazard of mdio-requency

" energy. The IME (5) has prepured chares

giving mnsmission specificatons and
porentally hazardous distances.
High-voltage powerlines present the

huzards of capacitive and inducuve cou-  per blast shouid be used. Itis

+

F"“‘b' ey i Wil LUL wWUCeon of
lightning.

Adas (1) d:mxl: precaudons © be
tiken when blasting neur b.lgh-volmge

-.powerlines. A specific hazard with

powerlines is the danger of throwing
part of the blasting wire onto the

" powerline. This shors the powerlineto

the ground und has been responsible

forseveral deaths. Care should be exer-

cised in laving our the circuir so tharthe
wires cannorbe thrown ona powetline,
Other alrernuuives are to weigh down
the wires so they cannor be thrown or
amach a charge that cuts the blasting
wire.

ADDITIONAL

CONSIDERATIONS
Electricblasting isa safe, dependable

svstern when used properiy under the

proper conditions. Advanrages of the

system are its reasonabiy accurate de- .

lays, euse of circuit testing, control of
blast inidacion tme. and lack of airblast
or disruptve efect on the explosive
charge. [n additon o extraneous elec-
tricity, one should guard aguinst kinks
in the cap leg wires, which can cause
broken wires. c:pcciaﬂ_v in deep holes.
Ditferent brands of caps may vary in
clecirie properdes. 5o only one brand
reCom-
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from Tramac

Anglo malcater | 'l

vour jeeal Tramae dealer or
call 1-800-526-3837

MEG reduces .
Img costs

Drilling acc-.:ssoncs for clean and
accurare drilling, dust collectors,
_angle indicators. spare parts and
1 ﬁkcrs are now available exclusively

For more informadon on ILMEG products, sze

Rroaucts and people yau £an raly on

mended that the blasieramythe kevor
handle t© the poswer source on his or
her pesson so the shot cannot be inad-
verendy fired while he orsheis check-

" ing out the shot

A device called an exploding bridge
wire is available for use where a single
cap is used o initmte 2 non-electric
circuic. This device has the satery ad-
vantages of 2 lack of primary explosive
in the cap and 2 high volage required
for firing.” A speciul frng box is re-.
quired for the systemn. The high power
requiredand highcostof the 2xploding
bridge wire device make it unsuimble
for use in multi~eap circuits.

DETONATING.
CORD INTIIATION

Deronating cord initntion has been
used for many years as analtemative 1o
electricblasing where the opemtor pre-

-fers not to have an 2lacuic initator in

the biasthole. Deronating cord consists
of a core of high expiosive. usually
PETN, containied in 2 warerproof pias-
ticsheath enclosed in 1 reinforcing Cov-
ering of various combinations Of fex-
tile, plastic, and =aterprooring.
Detonating cord isavailable with PETN
care loudings rnging from 1 1o -400 g
£

All cords can be deronured wich 4
blasting ¢ip und have 2 detonuiion ve-
locity orapproximately 21.000 fps. Deto-
aating cord is udapable to mostsunace
blasting siuations, When used ina sves
environmenrthe znds orthe cordsheuld -
be protecied from water. 'PETN will
slowly absorb warer and as 3 resule will
become insensitive to initation by a
blasting cap. Even when wer however,
detonating cord will propagate if nit-
ated on 2 dry end. U'nderstanding the
function of 2 detonating cord initiadon
svsiem requires u knowiedge of the

- productszvailable, The Ensign-Bickiord

Co. has published 2 manual /4 that
describes detonanng cord products in
derail. Technical dam shesets are avail-

‘able from Austin Powder Co. and

Apache Powder Co.

DETONATING-
CORD PRODUCTS .
The mostcommon strengtns of deto-
nating cord are from 25 o o0 gnfh
These strengths arc used for
tSee Back 1o Basics, ouge 52}
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trunidines, which connect the individual blastholes
sensiuve or small, controlled bl:u;ung jobs.

= into pamem. and for downlines, which ransmit the:
energy from the gunkline to the pimer cartridge.
The lower swrengrh cords are cheaper. but some ! REFERENCES
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‘v’ .BACKTO BASICS:

BILASTHOLE LOADING

by
Richard A. Dick
.Dennis V. D’Andrea
Larry R Flercher -
LS, Bureuu of Mines

Blusthole Jouding involves plucing all
of the necessary ingredients inwo the
blusthole, including the nuin explosive
churge, deckeharges, initation systems,
primers, andsienuming. Blastiole foad-
ing techniques vary depending on bore-
hole dizmeter, type of explusive, and
size of thie blust, For the purpase o this
discussion, boreholes luve heen arbi-
trarily clussified us snwfl dismeter (>4
in.) and hrge diuncter (<40inad, Small-
dimeter borehules muy e drilled 2t
practically any inclination from verti-
cadly downto vertically up. Large-dinm-

* cter Dlusthobes are ususdly deilted vert-
“cally down, butinsome cusen: Lu.mglul i

ar horizonl,

As u ospeeilic precution,  blistholes

should never Ixe luaded durdng e ap-
prouch or progieess of an clectrical stuna,
Gl duseriptions of blusthiole loading
© provedures e in the filerdase (2-5

CHECKING THE BLASTHOLE
Before louding begins, the blustlioles
should be checked. Depending on thie
desipned depth, cither 2 weiglied wpe
- measure or a amping pole should be
used 1o check that the bDoreholes are at
the proper depth, i a hofe is deeper
than the plan ealls {or, Jrill cullings or
otherstenuning nuderiad should be usedd
tobring the l)bllon{'ufllh.rhulg up o the
proper kevel. Lo zdmg m]‘ extessively
deep blasthole is & tvuintl explosive
and usually Increuses ground vilirions,
Boreholes thutzire Jess than the pluned
depth shoudd either be cleared out with
" he drill or compressed air, oc redrilled.
Sumetinies Leonomics or eguipment
lhmitutions may dictae that o shet be
fired with 2 few shiort hules The blast-
ing fureman should ik this decision.
Quansivtedly a borehole iy bhecame
ubstruvted, On o sunny tluy, u migror

may be used 1o check for obstructions,
Obstructions in il holes may some-
times be dislodged with a mmping pole,
In lurge, verticil holesqu heuvy weight

- suspended on a rope and dropped re-

peutedly on the obstruction may clear
the hole, 1oy be necessary 10 use the
drill string to eleara difficult vhstruetion
ur, il'the obstruction cannot be clewred,
reclrilling muy be necessary. :
O I s necessary 10 redrill 2 hole
acdincent g blucked hule, the blocked

- hole should be fifled with stemming, If

this is not done, the new hole may
shoot into the blocked hole and vent,
causing excessive Nyrock, airblast, and
poor [mgmentiion: A hole must not be
redrilled where there i o dunger of
intersecting 2 louded hole,

While checking the liole for prupu‘

depth, it s convenient o check Jor |

water in the barchole, With just 2 litde
experience, the bluster cun closcly esti-
nute the kevel of water ina burchole by
vistzlly cliecking thie wmping pole or
wetghited tape Jor weiness after the
burehole depth cheek has been made,
To gel o more accusile check, the

* welghted end ol the tipe can be jiggled

up und down at the water fevel, A
splashing sound will indiciie when the
weight s at the water level,

A blusthole may pass through or bot-
tom intoun opening. Where this open-
ing is nat unduly kirge, it may bDe [led
with stenuning materiad (g, 1), Where
the opening is oo lurge for'this to be
practical, the hole must cithier be lett
unlostled, redrilled in 2 nearby locu-
tion, or plugged.

A simple method for plugging a

© bluathole is as fullows., A stick s Ged e

the end olarope, loweredintothe void,
and pulled buck up so it lodges eross-

wise et the hole, Tl rope i staketd

seeurely ar the borehole collar, Bulky
materiuls such us empry powder bags
or mys are then dropped down the
hole, dirt is then shoveled down the
hole o formu solid botuom, wierwhich
explosive londing can Pl'OLLL.d Where
voids are commonplate, you tity want
o developu wilor-made borehole plug-
ging device. '
In some districts hot holes may be
encountered, although this is not very
conuhon. Hot holes nmuy oceur in un-
thracile mining or other areas of in situ
coal seam fires. ) there is reuson o
suspect o hot hole, the hole cn beé.
checked by suspending 2 thermometer
in it for u few minutes. Explosive mae- |
riuls should not e lu.zdud info holes
hotter than, 130° B,

GENERAL LOADING
PROCEDURES :
Blustholes mizy be loaded with bulk
or packaged products. Bulk products
are either poured into the hole, sugened,
pumped, or blown through a loading
hose. :Puckuped products are cither
dropped into the hole, pushed in with
a tumping pole orother loading device,
or louded through a poeumatic wbe. 1t

iy a pood iden o check the sise of the

powder columa frequently as Jouding
progresses, using o tping pule,
wedghied mpe, or louding hose. This
will give wurning of a ‘cavity or over-
sized hole that is causing u serious over-
churge of explosive to be louded, and
will ulses udsure thut sufficient room is
left arthe top of the hole for the proper
utnount of steruning, When the pow-
cer column has reached the proper
Jocmtion, the primer is Jouded inte the
hsrehiobe, It is imporant tha the wires, -
1ibes or detonating cord leading from

- the primer are propery seeured at thie



s,

vertied holes; using a rock or stuke.
In almest all situations it is recom-
mended thut the explosive charpe be
totully coupled. Towl coupling means
thaut the charge compluetely fills the bore-

hole ditmeter. Bulk louding of explo-

sives misures good: coupling. When
cartridged products ire used, coupling
is improved by slitting the Cartridges
und mmping them firmly into place.
There are four sitwations where cur-
ridges ur packapes of explosives shuuld
not be timped,

1. In permissible coul mine blusting,
where defonming the cartridge s aguinst
regulations,

2. 1ncontrolled blusting, where string
Joucks br even gaps between cartridges
are used 10 reduce the clirpe load in

the perimeter holes fo prevent shatier- -

ing. ,

3.0 waler, where the puckape serves
ay protection for a non-watter resistant
explosive product, o

- A primed canricdpe s never tunped.

I is reconumended that all blustholes
bee stemnmed to improve the elliviency
ol the explosive and 10 reduce airblast
and flyrock, As a rule of thumb, the

fength of stemming should be from 14

ta 28 times the borehole diameter. Sized
crushed stone makes the most efficient
stemming. However, for reasons ol
ceonamy und convenience, drill cut-
tings are most comnionly used Large
rocks shouldd never be used us sten-
ming.us they could becomie u dunger-
ous source of flyrock and awmy o
dentage the wires, cord, orubes of the
initition system. Because it is inconve-
nient o stem borizoned holes, horizon-
tal rounds ure sometimes left
unstemumied,” aithough it is recom-
mended tht all blastholes e sicminied

1w improve blasting ellicieney. By regu-

lution, underground cbul mnim rounds
must be stenuned wuh num.hnbu:—

 lible stemming 1 sueh a8 water-{iled cur-

tridyes or clay “dununies.”
Carre must be esercised in using deto-
ating cord dow ndines in relatively sl
blustholes,

Onesulutiontu bLzsun" in wet bore-
holes is 10 use o water-resisiting explu-
stve, However, economics often fvor
dhewutering the blasthole and loacding it

with ANFO inside @ protective plastic -

burchole liner, Although dewatering

Figure 1. Corective mesures for wis.

lzxs been used mostly in large-dinmeter
. holes, it can be used in diumeters below

4 in, To dewater, 2 pump is lowered (o
the bottom of the hole, When the water
hus-been removed, the hole is lined

with ot plistic sleeveas [ollows. A roll of

holtow plastic whbing is brought 1o the
collar of the hole. A rock is placed
inside the end of the wbing and a knor
is tied in the end of the wbing w hold

the rock.in place. The tubing is recled |

into the borchole, and cure bs :.u\m not
W lear it Ihc bing is cut oll th

collur, allowing 4 1o 6 ft. exuu forcharge
setthement, The ANFO und priner are

loudid inside the tubing and the hole ds -

* stenumed, Where water-is seeping into

the borehole, it is imporant that the
wubing and ANFO De londed cuickly to
prevent the hole from refilling with
\V’.l[t:f:

SMAIL-DIAMETER BLASTHOLES
When snutll-dizumeter blastholes are
louded, the primer cuntridge is nonally

Joudéd at the bottom of the hole, This -

]
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- and tamped (o provide maxinwmn cou-

, :

gives nmximum confinement at ihe
’ point of initiation andlalso guardsugainst
leaving undetonaied explosive in the
botton' of the borehole i it should
become plugged during louding or cut
oll during the blasting process, Some
experts condone, or even recomnxend
u cushion stick or twa, but the generul
recommend:uion is not 10 use x cush-
ion stick:

Toavoid having the detonutor il out
of the primer canridge, the cuartridye
should never be slit, rolled, or other-
wise deformed, The primer curtridge
should never be tamped,

CARTRIDGED PRODUCTS
Cartridged  dynumites and shurries
(water gels) are conunonly used in
snull-dineter blastholes. “Fhese cur-
triddges sre usually sl fouded by hund,

pling and loading density. One or two
custricdges should be louded wler the
primer before gunping begins., Timp-
iny should be done firmly, but not ex-
cueasively, Ustig the lurgest diuneter
cartridge compatibie witlthe boreliole

....f N

‘\..‘ N
..é.

..‘ L
o 4 * L)
LR

: We dre gs ‘neay,as your

. 4

" “ j
.
~
RETI 3

b . -t v

N

The one cmd gnly rea! el
heavy qlufy blashng mq ; S

: @;mﬂk dehvery am .
g Nar‘i‘h ﬁ%me;zzca e

en e e s
4 ‘CALL us i .1 .';- ::;k-f":;.ff
. Customerxg(;ry,ce ACRIEK
800.363- 8@2@5”
Toll ree number Ja our U S, operuhonl

N st (514) 662-1808, -

diumeter will increase coupling und

louding densiry,

Preuniaric systems for louding water
gel canridges are uvailuble. The car-
tridges are propelied througha loading

lese wt high veloity at u mie of up o

one darridye persceond. The cantridges

- are automarically slit us they enier the

blustholeund ench cartridge splits upon
impuct. Because of the high impuct
imparied 1o the carvidges, loading dy-
munites with this type of louding sys-
lem is not permitied. Pneunatic car-
wridge loaders are especially useful in
foudling holes that have been drf xllgd

upward,

BULK DRY BLASTING AGENTS

Bulk dry blusting. agents, usually .

ANFO, may be loacled into simall-dime
cierblustholes by pouring fromabag or
by pneumalic Jouding through o Joud-
ing hose, Poured charges in diameters
leas than -1 in, lose sume elliciency

. because of ANFO's low density aind its

reduced detonation velocity at small
dismuters, As with all bulk Joading,
good coupling 15 achieved. Caution
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should be exereised in using pouret
ANFO charges in diumelers lkess thun -
in. This should be donwe only unde
bone-dry conditions because ANFO's
efficiency begins to drop significantly
a1 this point, and water will compounc
the problemy. -

Pneunutic louding of ANFO in smull
holes is reconunended bectuse of suse
of hundling, fuster Jouding rates, and
the improved peromunee of the ANFO

‘cuused by partial pulverizing of the

prills, which givesa higher louding den-
sity and grenter sensitivity (7, 4. The
two busic types of pneunaiic loading
systems are the pressure viessel and e
gjuctor or venturi-lype loader.

A pressure vessel type ANFO louder
should hayve s pressure regulitorso that
the tunk pressure does not exceed the
manufacturer's recommendation, usu-
ally 30 psit. This lowspressurc type foader
propels the prills into the borehole ata
low veloeityund high volume e, loud-

‘ing the ANFOutx density slightly above

its pourcd density with & minimum
wnount of prifl breukuge. In'a pressure

- vessel, the compurent containing the
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Figire 1. Ejector-ypse poeuniitic ANFO loescher,

- ANFO is under pressure during loud-
ing. Louding rutes of over 100 Ib./min.
can be achieved with sonwe cquipment:
and pressure vessels with ANFO ca-
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P.0. Box 652, Republic, PA 15475
Dependable, Prompt Service Worldwide

pucities of-1,000 b, sre avuilable, The
smialler and more porable pressure
vessel loaders have louding mtes of 15
10 30 lb /nhn and ANFO capacities of
75 10 200 Ib. Pres-
sure vessels kirper
~thun § eu. ft.in vol-
wne should et

tions for construe-
lion,

The ejector-type
system (fig, 2) uses
.the venturi prin-
ciple 10 draw

" bonom.of an open
vessel und propel

but low volume
rute into the bore-
hole,
the prills und giv-
ing bulk louding
densities near 1,00,
Ejeclor systems
uperate from line

HO pst and Joud w
rtes of 710 10 b/
min, Combination
loaders ane avuil-
abile that foree [eed
1 venturi from a

ASME specilicas

ANFO [rom the

iratu high velocity”

pulverizing

preasures of -0 o -

pressurized pot. This system gives the
same high louding density and prill
breakuge as the stmight venturd loader

" with an increase in loading rate, Speci-

ficutions of pneumatic luading sysieins

.ard given in Tuble 1. The detonution
velocity of ANFO asa funetion of charpe -
" dinmeter for poured and pneunatically

loaded charges is shown in Figure 3.
The benefits of high-velocity pnetinate

londing are significant at small bore-

hole dinmeters.

A problem muay arise where o high-
| pressure cjector loader is used 1o loud,

ANFO in smull holes in soft formations
such 25 uranium ore. The pulverized
prills may be dead pressed by the come
pression fromadjucent churges firedon
carlier delays, This can ciuse [hcAM-O
not to lire.

Staticeleciricity canbea iumrd when

louding ANFO pozumatically into snull-
dizmeter boreholes, Stutie electricity
hazards can be retluced by using anti-
statie caps or nonelectric inittuiors, A
semiconductive hose with o minimem
resistance of 1,000 ohms/it and 10,000
dhms ol resistmes, and o neotimum
ol resistunce of 2,000,000 oluns for
the entire system, should be used. The
pheumatic louder should be properly

: g,ruundcd

Homemude loading uquxpmcm
should not bDe used. All equipinent
should be opurited at the proper pres-
sure. Gups in the powder column in
be avoided by keeping the hopperfull

und nminuining a4 constun standotf

distunce berween the end of the loadd-
ing hose und the column of ANFO.
Louading proficiency improves through

OpPCror expericnee.

* The pneumatic loacding tube is Useiul
for blowing standing drill warter [rom o
horizonl borchole, However, if the
burchole is "muking water,” externul
protection for tfic ANFO by meuns of a
plustie sleeve is required, Louding in-
side u plustic borehole sleeve is not
recommended Jor underground work
because of the static electricity haizard
during loading und 1oxic fumes gener-

‘ated during blasting. 1 plastic-sleeve

protection with pnuum.uic louding in
well-ventifuted Joeutions is required, 2t

" nonelectric detonating system should

I tased becuuse the insuluting effeet of
the sleeve is likely 1o cause a buildup of
statle vlectricity.




\ - . BULK SLURRIES

Slurries muy be. bulk loaded into
blusthole diumeters s snull as 2 i
These products are frequently poured
from bags, but oceasionlly bulk pump-
ing units ure used. The sensidvity of
slurrics, and hence the diuneterat which
they muy be elféctively used, depends
Erruely on their formulution. The use of
bulk =l 'Lxrrics in dismerers below those
intended for the product ean result in
substandard blasts or misfires. The
manuficiurer should be consulted

when loading bulk slurries into snall-

diumeter blsthales,

PERMISSIRIE
" BLASTING
Louding blustholes in underground
“coul mines is strictly regulied by MSHA
in orderto prevent ignition ol explosive
atmospheres. Oaly permissible vxplo-
sives ny be used in underground coul |
mines. Cerin nitroglycerin-lused ex-
plosives, emulsions, sturries, and water
gels heve been certilied as penissibile
Ly MSHA (G).
"The primer plus the remaining cur-
tridges are suingloanded and pushed

ack, into the hole s a single unit '

“wvoid petling cual dust between e
cartridges, - Churge weights’ nuty not
exceed 3 1b per borehioke, Black pow-
dheer, detonating cord, unid ANFO are not
pennissible. Blastholes are initiuled with
cupperiloy sheltelectric blasting cupa.

“ All holes must be stenuned with oon-
combustible mutérial suchs water bugs
o chay dumnies. The Stenuning length

must be ar least 24 in. or one=lal the

“‘depth ul the borehule, whichever s
less, Permissible Dlusting procedures
are also reyuired for gassy noneoul
mines, but wre Fequently less stringent
trn for coul mines,

W . )

LARGE-DIAMETER BLXSTI'}OLJLS
With few exceptivns, u.undx Ima amd
efficiency favor the use of bl m.\dm"
in blasthole diuneters lurger thun < in.
The products are cheaper, luading s
Taster, and the well-coupled butk ct Lu"u
gives better blusting eiliciency. Large-
dizmeter blastholes nuy be o, center,

“artoe primed, or multiple: prunu.s nuty
be used.

PACKAGED PRODUCTS

Large dizineter dyniunite canridges

are seldom used today exeept for Seea-

sional use as primers. ANFO and slur-

ries give better econonty in furge-dinm-
eler blastholes, When- wet boreholes
are encountered and the operitor wants
[0 use ANFO, waller-resistant polyburtap

packuges of punially pulverized, densis

fledd ANFO ure used. Densilication is
necessary so tha the packages will sink
in water. ANFO puckages should be
carelully lowered into water-filled holes
ruther than dropped, because a broken

bty will result in desensitized ANFO, un

interruption in the powdercolutnn, and,
most likely, some unfired ANFO. A dis-
advantage of waterproof ANFO pack-
ages is that some borehole Louphng is
Just. Also the heat lost 1o the water will
reduce the encrgy releascd. Where it is
desired 10 use ANFO in wet boreholes,
the option of borehole dewatering
shuutd beinvestigated, )

Slurries wre wvailuble in polyethylene
puckuging in disuneters up o 8 in, Some
ul these products are semirigid and

“others are in dimensionless bags that

will slump o {it the borchoke dinmeter,
With the semirigid carridges, the ad-
vantage of borehole coupling is lost

BULK DRY

BIASTING AGENTS
Bulk loading offers signilicunt ad-
vantages over Jouding ol puckaged

products in large-dizimeter blustholes,

including chenper products, faster load-
ing, and buetter use of the availuble
space in the borehole.

“The bulk ANFO or prills are stored in
overhead storage bins, frony which ihey
are Jouded o the bulk trucks, The

Table 1. Characteristics of .
pneumatically loaded ANFO in
small-diameter blastholes.

Loading Tank
Jet Loading
Loading density,
device Pressure, psi
Pressure, psl  Rate'Jh.min
g/cu cm
.Prassure vassel 10-30
NAp 1870
0.80-0.85
Ejector loader aet) NAp
40-86 7-10
.50-1.0
Combination luader 20
20-80 15-25
.8-1.0 ’
NAD = Not Appiicublu

Tx Vasus with hose Gunalo,

ANIPFO nuy betrucked to the blast site in
premixed [orm vr the oil may bBe me-
tered into the prills as-they are placed
intor the Dlustholel Bulk louding sys-
tems for dry blasting agents (ANFO)
thay be ol the suger or pneumatic type.

Auger luading gives the fastest loud-
ing rutes, A siche-buom auger is satisfuc-
tury for louding one row of holes ut
tinwe. Where it is desired 1o reach more
holes [rom one setup, an overhead
buomaager witlia 350° radius ol swing
cun be used, With this type of eyuip-
ment, Hexible wbing usually extends
from the end of e auger boom 1w

ground level, The amount of blasiing

[
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augmu uenversa mio e blasthole s
sometimes indicated on # meter in the
truck. In other situations o hopper with
a given volume of capacity is hung
the end of the auger boom 10 meusure
the ANFO us it is louded, Bulk loading
rrucks have capacities of from 2,000 ©
30,000 Ib of ANFO, and with auger
Systems can deliver up 1o 600 Ib of
ANFO per minute into 2 blasthole.

Pnetmatic louding is also used in
lurpe-dizmeter boreholes, Pneumatic
units fre especitlly uselul in rough ter-
rain, where 2 long loading hose is used
1o loud numerous blustholes [rom u
single sewup.

Hand pouring ANFO from 50-1b bugs
is still practiced at opertions where the
capita] expense of a bulk systen cunnot
be justilied, “This, of course, gives tlie
sume Lomph.tL voupling us bulk loud-
ing.
BULK

SLURRIES .

" Budk slurry pumping is conunonplace

in lurge-diuneter verticnl hole blusting.

Some sturry trucks have capacities of

up [o 30,000 Ib of sturry-und have typi-
cal pumping rates of 200 to 400 Ib/min.
A bulk slurry truck muy bring u plunt-
wiixed sturry 1o the borehole or it may
carry sepurute ingredients for onsite
mixing.

Onsite slufry mixing is more'com-
plex than ANFO mixing and is usully
done by u comperent explosive dis-
tributor rtherthan the consumer. Plant
mixing permits closer quality control in
the blending of ingredients, whereas
onsitemixing permits different energy
densities b joaded rom hole to hole
or in ditferent Jocations within a-single
hole,

“The slurry is pumped as o liquid and:
2 cross-linking ingredient is added just
as- the slurry enters the loading hose.
Cross linking 1o a gelutinous consis-
teney begins in the hose and is com-
pleted in the borehole, A meter on the
hulk truck indicstes the amount of slurry
e has been jouded,

Hund pouring of sturry from polyetli-
ylene puckages is stilf practiced at op-
erations where the volue of slurry

used does not jostify o bulk-loading -

truck. P'ou'ring, rather than louciing the

entire package, gives complete bore-
hole coupling. >JEE<
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Sequential electnc‘blash

standard, single circuit designs.

* High Accuracy.& Reliability » Lightweight & Low Cost
* Circuit 'I"rnfng S'elec ble 1-889ms in 1ms Increments

nd offers biast design flexibilty which can
reduce bath costs and vibration, and still hava the advantages of the
inherent reliability and-*iest” abxllty of electric blasting circuits.
Unlfonunately, many blaslers think that you must spénd up.to
$4,000 for a tan circuit sequential blasting machine, terminal board,
cable, and reel. The Dual 50 changes all'this. For less than 31100,
you can apply sequential blasting techniques to construction and
mining operalians to doubls the effective number o, delays aver

Whils supplies last... jus! to convince you thnl NOW is the limg
to get your Dual 50, Thomas Instruments will include the industry
standard Model 105 Digital Galvonmetar with every Dual ordersd.
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DETONAIH G

'BACK TO BASICS:
CORD PRI

by
R.ichnrd A. Dick
Dennis V. D’Andrea
Larry R. Flercher
L.5. Bureau of Mines

Derenating cord initiation has been
wsed for many yearsas an alternative to
elecrricblasting where the operator pre--
fers not to have an electric i initiator in
the blusthole. Detomating cord consists

of 1 core of high explosive, usually

PETN, conmined in 2 waterproof plas-
ticsheath enclosed ina reinforcing cov-
ering of various combinations of tex-
tile. plastic. and waterproofing.
Detpnating cord is available with PETN
core loadings ranging from | 10 <00 25/
f .
All cords can be detonated with a
blasting cap and have a detonarion ve-
lodiry of approximately 21,000 fps. Deto-
nating cord is adzaprble to most surfice
blasting sicuations. When used ina wer

-environmentthe endsofthe cord should

be procected from warter. PETNV will
slowly dbsorb waterand zs a resuir will
become insensitive to initiation bv u

. blasting cap. Even whea wet however,

detonating cord will propagate if initi-
ated on a dry end. Understinding the
functicn.of 1 detenzting cord tnitiation
system requires 2 kaowledge of the
productsavaiizbie. The Ensign-Bickiord
Co. has published 1 munual that de-
scribes detonating cord products in de-
tail. Technical data sheers are available
from Austin Powder Co.

DETONATING CORD PRODUCTS

The moyst common strengths of deto-
nating cord are tmm 25 w 60 gt

These strengths are used for trunklines,

‘which connectthe incividual blastholes
into parerm. and for dowilines. which
transrit the energy from the runkdine

to- the primer curridge. The lowver |

strengeh cords dre cheaper., but some
Jhave less tensile strengch and may be
somewhat ess dcp:qd:ml: under hzrsh

- tield conditions. Scme calt primers ure

nort dependably initiarted by 25-gr cord

orlightercord. However, under normul
-condicions. the lighter core loads offer
economy and their greater Hexibility
makes field procedures such as primer
preparation and knot tying easier.
Deronating cord strengths of 100 to
200 gr/ft are occisionally used where
continuous column initiation of a bizst-
ing agent is desired. Cords with 200 to

,400 grof PETN perfootare occasionally -

used as u substitute for explosive car-
tridges in very sensitive or small. con-

* trolled blasting jobs.

Detonuting cord strenychs lowerthan
25 gr-ft are sometimes used. Fifieen~to
tventy-grain preducts may be used for
small-dizmeter holes. for secondary
blusting. 2nd in the Nonel system, A 7.5-
zreord isalsp usedin the Nonel system.
A -~grfr product is used as par of an
ussemnbly called'a Primaline Primadet
A Primuline Primacdlez consists of u length
of -~gr cord crimped to 2 stundiird in-
stantaneous or delay blasting cap. The
copis inserted into the prmcr.md the -
ar cord serves 2s 4 downline. Various
cord lengths are availuble o suit spe-

“¢ific berehole depths, These Primaders

are primarly used 'in underground
mines, such 25 szit where None! ibes
would be a product contaminant. Du
Ponr's new Detaline System utilizes
2, +gr cocd.

2.4z
Millisecond delay suriuce connecrocs

are used for delayving detonuting cord
blasts. To pluce a delzv berwesn two

holes, the trunkline beswezn the holes

is cut :md the ends are joined with 2

. d::..w LOnnCC'Of. One type of delay

connectoris # plasticassembly contin-
‘ing a delay element. At each end of the
clement is an opening into which 2
loop of the severed trunkline can be
inserted, A tipered pin is used 1o lock
the tunkline cord ino plice. A Nonel
delay connector hus 2150 bewn devel-

oped tor detonating cord blasting. This
connecrorconsists of o plusucbloc.ks.

each conmining a delay initiator, con- |

nected by a shor length-of Nonel-wub-

ing. Eachend ofthe severed trunkiind is -

wrpped ardund the notch in ane of the
plastic blocks. Bothtypes of delay con-

nector ace bidirectionzl.

FIELD APPLICATION
After the primer has bezn lowered to

'Its proper location in the blasthole, the”

detonating cord is cut from the spool.

About 2 or 3 f of cord should extend

from the hole o allow for charge sexmle- -

mentand tying ince the runkdine, When -

the entire :hot hos be2n loaded and
stemmied. the trunkine is kid outalong

the path of desired initiztion progres- -

sion. Trunkline-o-runkline connes-
tions uare usually made with 2 square
knot. & tight knot. sz llva LIOVE hiteh,
u hulfhitch. oradouble-wrp halfhitch.
is used o connec: the downline to the”
trunidine. Anv exczss cord from the
downiine should be cut off and dis-
posed. If Pamadess or cther in-hele
delrv agsemblies wresvved, a plastic
connecior oiien serves =y the connes-
tion to the.trunkline L?;gure 1) The
cord lines shouid be sleck. bur not ex-
cessivelyso. [froo much sihek vpresent
the cord may cross isell and possibly
use a1 cutoff (Figurs 2). Also. if the
lines ure too tight and form an acute
angle, the downline mzy be cut off
without detonating. K
Dowalines of defonzting cord cn
adversely atfect the coiumn charge of
xplosive in the blusthele, With cap-
sensitive wxplosives. coatinuous; axcial

[initiation will oceur wich 2ny cord con-

tining 18 or more gmins of PETN per
fout of cord. Lower strengeh cords may
also cause axiul initizcion. Four-grin
cord will not initkie mest aip-<ensitve *
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. sitized or it may be marginally initiated.

. Hagan hos suclied this problem. The

effect depends on the cord strength,
blasting 2gent sensitivicy. blasthole di-
arneter. and position of the cord within

the blastholé, As 2 genem! rule, 50-gr -

cords are computible with blasthole
"diameters of 8 in or more. In charge
diameters of 5 to § in: 25-gr or lighter
downlines should be used. In diam-
erers balow 3 in. low-energy (4 1o 10~
gr) downlines or alternative.
nondisrupdveinitiation systems are rec-
omraended. The manufacrurer should
be consulred for recommendations on
the use of detonuting cord wich various
explosive producs. A low-energy ini-
tation system called Demcord, devel-

“oped by du Pont; is described later in
' /

this article.

DELAY SYSTEMS ,
Sumhucedelny connectors offeran un-
limired numberof delays. For instance,
1 row of 100 holes could be deluyed
individuallvby placing a delay betivezn

. each hole and initiating the row from

one ead. Typical delay inervals for
surface connecoss xre 5.9, 17, 25, 35,
<5, and B35 ms. Since these coanerons
are normally used for surtaee blasting,
hulf-second deluy perods are notavail-
able.

Cutolfs may te 2 preblem svith sur--
face defuy connecions. When the pow-
der column in one hele detonures, the
connections besvezn heles © te (red
krter may be breken by crutering or
other motementof the rock muss, This
My cause w subseyusne hole to mis-
fire. To correct this sinmton, MSHA

" requires chat the pater of wunklines

and delay connectons be designed so
that each blusthele can be reached by
tovo.puths from the paintorinitiztion of
the binst round. The' punterns can be-
come somewhat complex dnd should
be luid out and carefully checked on
piber before anethptng to lay them
out in the field. Where possible the
puttern should be desiyned 3o thae the
Jeluy sequencein which the holes fire
is the sume 00 mader which pady s
tukeen rom the poine of blust initation.
The ~Bluast Design” chupter gives sug-

| gestions for sci=cling the actual delay

L o~

trunkliing
s
stiff cord \ downline
downline
halif
hitch

N trunkiine

downling

ﬁ u-unkrne '

\ downﬁne

cord-io-cord connecsan
square knet R

P TR PR Y X X P ETETRY R UIT D ey

Figure I—Recommendet! knots for the detonaring cord.

.

intervals berween blastholes.

Figure 3 shows a typical blastlnid duc
with deliy connecrons, Note that each
hole can be reached by rwo paths from
the point of initiation. A time of 1 ms is
required for 21 ft of detonating cord to

dewoaute. This time is not sutficient o

siunificantdy uler the delay interval be-
rovezn holes.

When detonauting cord downhn:; are
used. detonation of the cord in the
blusthoke proce=ds from the top down.
This presents two disadvanesges. First,
the deronation of the tord may havean
undesimble effcctonthe colurmnchasgz
1s it proceeds downward and the stem-
ming may be loosened. Second, i the

- hole is cut off by burden movement
“caused by detonution of 2a exddier hole

| (Fig. ) the powderin the lowerportion
ofthe hole will notdetonare, Thousa of

a Primaline Primader delry unit in the
hole will correct both of these prob-
lems. .

ThePrimaline Primadésisa delavenp
amached t0 u length of +grft detonac-
ing-cord. It is availuble in both millisec-
ond 2nd long delry perods. The
Primutine Primader is connecred to the

trunkfine with a plastic connecior or 2
* doublz-svrap half hicch. If the dely

patem of the blast is such’ thur the
number of available Primadet dely
periods & adequate. 2n und:l.w:d
trunkline mayv be used. The delay pe-
Jrivd of the cap would then be the dc.:xy
period of the hole. As 20 exmmple. 1o

uin the deley puttem tn Figure 3. cap -
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Siack une
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potential cutett
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blasthale

acute
angie

. knot
: tzght line

///I/fr/f/j'[/_jCIITI/f[r’f/f
* gireciion of pmpaganan ——

Figure 2—Porenrial cutoffs from siack and tight detonaring cord -lines.

desz pericds one through nine would
be phc-’d in the appropriace holes and
trunklines wouid contain no Jdefavs. In

other nonelectric svstems.

lay pagem in Figure 3. an

Another alternative © obeain the.de-
and avoid the -

this situation. the delay i every cap.

sould be wcruuted Berfore e fnst hole
detonuaces. This sould reducs the
chance or 2 cutor. The Primaiine

eIl

a4

cutod probl:rn would be 10 use the
amray of sumace delays shown in the
tigure und 2n in-hole’ t..:!.w of an iden-
tical period in =2ch bl.bthple. For in-
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1, 202 e cunkline delavs are mich
9 ms. l:he deleys in ol of the holey
except the tvo renr comer holes will be .
acared before the fint hole in the
.pattern firds, thus alleviuring the cutoff
probiem. More complex paterms in-
volving bothsurface nnd in-hole deluys
can be designed where desimble. An
:ﬂr:rnzmem:chod of obaining in-hole
delrys with detonating cord IS 10 use
delay cast primers. These are cuse prim-
ers wich built-in nonelectric millisec-
ond-dzlays. They can be stung on -
dr:run:mnn cord dowv nlines of 25 gror
more and are particulardy userul in ob-
tining multiple delaved dacl ck charges
with 2 single downline. It beurs repeat- |
ing thar deiy pamemns involving bath
sumace and in-hole delys can be sorme-
whiit complex-and should be carefully
lnid oue on puper before azempting o
install them in the n:".d_

GENERAL CONSIDERATIONS

Two of the primary advanmyes of
detonating cord initiation systems ure
theirrugeednessand theirinsensitviry,
They function Wcﬂ uncler severe . ondx-
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‘ holes. Thcy are not suac::suclc oelec-
* trical hazards, dthough Eghraing ¢ is'al-
. ways 1 hazard while lcudxng any blast.

Detonating cord is quite sufs from acci-

deneal initingion until the injtuting cap

ordelay connecorsare amched. Avail-
able delay systems are axremely fex-
ible and reasonably accurare.

There are several disadvantages thar
may be significant in cerrain situations.
Systams employing only surface con-
nectors fardelays present the potential
for cutoffs. Surface connecrors also
presant the hazard of accidental nitin.
ton by impact Detonating cord
trunklines create a considerable amount
of imitating, high-frequency airblast
(noise).In populared arens the cord

" should be covered with 15 © 20 inof
fine matedal or altemative. noiscless
systems should be wsed. Deronating
cord dosvalines present the problem of
charge or stemrning disruption. As dis-
cussed previously, this depends on the
borehole diameser, the type of explo-
sive. 1nd core loud of explosive in the
cord. The means of checking the svs-
teem is visual exnminaton.

Vehicles should never puss over 2
loaded hole Because the detonzung
cord lines may be damuged. resulting in
2 misiire or premature ignidon. A pre-
mzture ignition could result from driv-

s e g etk dTES

DETALINE SYSTEM

Du Ponc's Deuline System is 2 re-
cently deyeloped initinton system thae
is buedon!cw—en.m deronaring cord.
It functions similardy to conventional

deronaring cord sysiems excepttharthe -

trunkline is low in notse. downlines will
‘not disrupt the column of explosive, it
will not initiate blasthole products, ex-
ceptdynarmites, andall connections are
made with coanecors, rather than
knots. The fourcompohents of the s5ys-
tem are Deraline Cord, Deraline Star-
ers, Dealine MS Surface Delays. and
Derfine VS In-Hole Delays. ,
The Demnline Cord {Déracord) is a
2.4-gr/f detonming cord whoseappear-
ancé is similar to sandard deronating
cord. The cord is cuto lengths required
for the blast pamem. This low-eaergy
cord, while low in noise, has sufficient
energy 1o disinregrace the cord upon
detonation, . which & advantageous
where contaminadon of the blasted

- procuct must be avoided. Demeord wvill
_ net propagate through 2 knot, which is

why connectors are required. To splice
aline orto make 2 nondeliyed connec-
tion, 1 Deline Starer is required, The
body of the starter is shaped much ke
2 clip-on detonzting cord millisecond
dely connector, excepe that the stafer

is shuped like an arrow (0 show the

pomnt of intiation

X delay connector
© gafay panod of bfesthola

Figure 3—Typical blust pustern wub sumguce delay connecrors,

l - explosive
/ gatonates

burgen
- movement

_—— axplesive does
nat detonate

detanating cord ‘l
ng N

Figure £—=JMisfire caused by

. cutoff from aurden movement.

direction of detonnton. To make 2
splica. the starer is connected to the
two ends of the Demcord using the
amached sowicoth pin, making sure

- that the drrow points in che direction of

detonation: To make a connection, the

donor trunkline is hooked into the tail

ofthe starrer and the aceeptortrunkling,
ordosvnline. is hooked into the pom:ed
ead of the connector. il
The Demline System hes provisions
forboth surface and in-hole delys, The

surface dehys, which come in perdods

of 9. 17. 30, 42, 60, and 100 ms. wre
shaped ke the starer but are colored
secording 0 the delyy. The surace
delays are also unidirectional, with the

rrow showing the direction of detons-
tion. The surzce delays cza be hooked
into o trunkiine in which oose their

Function is similer to that o 2 s;madard
milliserond deby connecor. Thedy can

CONTROLLED
DRILLING .
AND BLASTING
PHONE (205) 849-5411

BIRMINGHAM, ALABAMA 35217
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gowniine is

8" — connected 1o

. -the arrow end

\ efasmrerora
. surface delay,
3 N : Theniofeach
baze prmer  ignitian shel - rfecommended | | starer or sur-
enarge charge - mixture crimp lacation face dely is
- S - - then con-*
ig > Sting firh sq 15e. ,
Figure S—Blasring cap for use with safery fus neced into the

also be used as strters, connecred be-.
rwesn the runkline and downline ar
the collar of the blasthole. In this sinua-
tion the delay aifects only the dowiiline,

- and not the trunkline,

A Denline MS In-Hole Delay re-
sembles a standard blasting cap except
fora special top closure forinsertion of

- the Demcord: It funcrions simitarly o 2

suriace delay, Nineresn delay periods,
ranging from 25 to 1,000 ms, are avail-

able. The delay is connecred (o the

downline and is insered into the primer.
Hookup of the Deeline System is

. Similarto conventional detonating cord

except that connectors are used mcher
than knots and fghr-angle connections
are not necessary. When it is dme 0
heokup, the Dexline rrunkline is rezled
out.over the length of exch row. Each

trunkline. The'open sides of the putemn
are then chnnected ina mannersimiiar
1o convendonal detonating cord sys-

tems using Detacord and appropriare

starters and surface delays. Ieis essenrial
that 2l! Deracord-to-Detacord connec-

tions be made with smrers or surface

delays mrther than knoes.

The Deraline System Bears many simi-
larities to conventional detonaring cord
systems, The system is checked out
visually before firing. Combining sur-
faée and in-hole delays gives 2 pracd-
callyunlimited numberof delay combi-

ations. It is convenient to build
redundancy ino the system. AL firing
time, the end of the trunkline tail ex-
tending from the shot is placed into the
arrowv end of 2 starer, and an electric or
fuse blasting cap is inserted into the il
ead of the starter

- Need to

U.8. distributors.

purchase. %

renot or pu;rchaSe
a seismrograph?

0 Largs inventory of Instante!
BlastMate Series 1 avzilzble thru
our Florida or New York officas.

(0 One of Instantel's biggest

Qur rental fleat consists of new
and Jess than 1 yr. old unis..

O New cna used seismographs
availzble for sa e or !ease /

Call or fax 1adzy for more information -

Inc.

P.O. Bax 230118 .
Atlantic Basch, FL 32223-0118
Tel. 804-2414015 « Fax §04-248-3292

and tnidated.
The detonz-
tioneneryyofthe
d+gr Dewmcord
is udeguate io
'disintcgr..tﬂ the
trunidine. How-
ever, the resulr
ing trunkline
noise is quite
low: typically
abour 13 dB
losver thart 25-ar
detonating cord
in fizld wizls. &

~ downline . of
" Detacord will
deroaate most
dvnamites but
will not detonzte

g most water gels.
A major advan-
oz of 2 Dewm-
cord downline is
tharicwill noc dis-
rupca columsn of
blasting agent.
: Dewcord can be

used 252 o systern or in conjuncrion
with some stndard desomating” cord
companents. As with most newer Svs-

" lems, evoluuon:u-y changes may oceur

in the coming vears. It is impormng thar
the munufacnurer be consulted for rec-
ommended procedures for using
Demcord. The manuficurer will also
be able to recommend which variation
of the system Best suirs 2 particular field
simation. - ’

CAP-AND-FUSE INITIATION

Cap and fuse is the oldest explosive
initintion system: however, its use has
dwindled steadily. Is primary remain-
ing use is in small underground zmnes
although a few large mines sill use ir.
Surfice applications are fimited 10 sec-
ondary biasting and the initaton of
detonating cord rounds with a single
cap.

CONMPONENTS
The detonatorusedina cap-and-fuse
system is 2 small capsule tharis open at

one end (Fig. 5). The czpsule coamins.

abasechargeanda hen-sansitive primer

“charge ofcxnlmive The posdercharge

in the cap is initiated by 2 core of
fammetble posvder in the safery fuse.
Sufery fuse hus an 2ppenmncee Some-

-whar similar o dc:ton.m.ng cord except
- thacthe surrace of satery fluse is smocther

and more waxy and the core load is.
blagk. The core load of detonuring LDl'd
s svhite,

To assemblen cap and fuse, the fuse

'z; cxrefully cur squarely and insered

ino the c=p undl it abuts 2gains the
c.".plcalve_ charge in the czp: The fuse
should never.be twisted against the
explosive churge in the c2p. The cap is
thea crirnped near the open.end with
un Aopro»ed hand or benca ¢imper.
The crimp should be no more than
threz-cighths of an an.h from the cpen
end of the ¢2p.

FEETD APPLICATIONS

Currenty, all safety fuse bums acthe
nomiriz rare of 40 seerft. Both damp-
ness and high altitids will cause the
fuse 1o burn more slowly. Fuse should
be 23t buned periodically so that the

. biaster can ke=p 2 record of ies acnual

burning e, “Fust fuse” has besn
blamed for blasting acaidents but the

Cfacr i thae chis mrsly i ever occurs.




Ignitacord

connestar lgnitacard .
burmning
, powder
primer -
charge
basa
charge
powder-luse assambly ' fuse
interface
.. \ /
QP ~L T
- -\crimp. .
. ‘\_ !fuse-powdsr imeriace
Ignitacard ! = .
connectar
' crimg
Ignitacard

Figure 6—Cup, fuse, and fgnitcord assemb(v.

However, pressure on the Ruse may
increzse its burning mre.

One of the most important consider
ations in the use of cap-znd-fuse sys-
tems is the use-of 2 positive, approved

' lighting mechanism. Matches, cigareae
. lighrers, carbide lmps, or other open -

flames are not approved for lighting
fuse. MSH reguht.on: specify horwire

 lighrers. lead spiners and ignicicord as

approved ignition systems. The sufest,
most congollable lighting method is
Ignitacord. InSouth Africa, where safery
fuse is most often sold 25 2n 28sembly
with an Ignitcord connecior wmiched,
the safery record with cap and fuse is
much beger than it s o the United
States. ’

The [gnitacord conaector fits over
the end of the fuse and is crimped ina

maaner similar to the cap. Figure 6

showsarypicalcap, fuse, and [gnitcord
assembly. The cap is atzched o the
fuse with 1 bench or h:mo crimger, and
never with the-teech or. ph—:rs Ahen
crimping the cap, care should bétaken
not (o crimp the 2one conmining the

- powder, The Ignitacord connector is
crimped to the other end of the fuse

with 1 hand erimper. The Ignimcord is

inserted into che notch nzurthe end of

the connector and the aotch is closed
using the thumb..
To guardaguinst waterdetedorion.

itis 2 good iden to cucoff 2 shorm length

af fuse mm:dx..te‘v before making cap-

and-fuse assemblies. [a deciding the
length of fuse to cutforeach primer, the
lighting procedure must be coasidered.
funimcord i swongly recommended
betause of ics safery record,

When Ignitacord is used, each fuse

must have a burning time of at Jexst 2

min. To make sure of this time, the fuse

must be calibrted pedodically by test
burning. The Ignitccord is anached ©©
the Ignitacord cohnegiors in the de-
sired order of firing, If ail the fuses are
ur accurmiely to the szme length, the
desired order ot firing sill be achicved.
With Ignitacord, oniy one lighting is
required before the shot firer retums (©
1 safe location. Horwire lighters and
Jead spitters require that each fuse be it
individually. The primary huzard of us-
ing safery fuse is the tendency of blast
essto lingertoo long acthe face, muking
sure that ull the fuses are lic. To guard
against this, ¥SHA reguladons specify

-l

minimuem burhing times for fuses, de-
peqding on how many fuses one per-
soq lights. Keep in mind that two per-
sons are required to beacthe race while
lighting fuse rounds. :

- If 2 person lights only one fuse. the
minimum burnung dmeis 2 2 minzfor 210
5 fuses the minimum is 2-273 min: Tord
1o 10 fuses the minimum i 3-1/3 min:

. R T SN S DRI AR AERRARLLNUL D
min. One person may not fight mors
than 15 fuses in 2 round. Although
individual fuse lengehs may be vared
for delay purpases it is more dapend-
able to cur all the fuses to the same
length and use the sequence of lighting
to decermine the Aring sequence.

To avoid misfires due o cutolf fusas,
MSHA requires that the fuse in the last
hole o fire is burning within the hole
before the first hole fires. Kinks and
sharp bends in the fuse should be
avoided bezause they may cut off the
powdertminand czuaeamsﬁre..‘:fapy
people who use cp and fuse.ddiso
betuuse they fael tharitis simplerro use

than otherinitition sysiems. Howaver, -
. properuse of cap and fuse raquires as

much ormore ;kﬂlnnd careas Lh:: other
systems.

DELAYS

Cap und fuse is the only initiaton
system that offers neither flexibility nor
sccurncy in delays, Because of varia-
tions in lengths of fuse, buming mtes,
andtime of lighting the indivicdul holes
will fire ar errac intervals ar best, and
our of sequence at worst. It i impos-

sible to ke advanmge of the fmgmens

ation benefits of millisecond delays
whed uding the cap-und-fuse system,

GENERAL CONSIDER.—‘.TIONS

Therz {3 no situaticn in which cap .

and fuse can be recommended as the
testsystem 1o use. The sysiem has o
cvarpowerdng flaws—inscoumie tm-
inganda peor safery record. The fonner
resules in genemlly peorimgmentation,
= higher incidance of cutoffs. and less
efficient pull of the round. All of these
facrors nullify The small costadvenege
derived from the ~lightly lower cost of
the system componznts. The poor safary
record amained by cap and fuse b2
even more serious drawback, It i the
only svstemn that requires the blaser o
activace the blust from 2 hezardous lo-
cation and then setreat to sufery, The
use of [gnitacord mther than individual
fuse lighting alleviates_this problem. A

Bureau study (14) decermined that the

secident rare with cap and fuve is 17
tirnes that of electric blasting, bused on
the number of units used. Too ofen.
the person lighting the fuse & still az the
face when the round detonztes. The

-
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* de=tonating the round makes security
more difficult than with other sysiems.
Cap and fuse hos the advantages of

somewhat lowercomponent cests, and
protection from elecideal hazards, Ifan
operator decides to use the cap-and-

R T Dttt AR T ST IR 15 ) o ugn:-
ing muliiple holes is recemmended
because of its safery record. .
- 2/EE=

(CEfF Ave., Cont'd from page 25)
property owner was given z lexer in-
forming them thar construction was
goingto beginand thatitwould involve
drilling andblasting. After this, we talked ™
to each property ownerand asked their
permission o video mpe the inside and
outside af theirpropery. Usually people
were very cooperative, In 2 few in-
stances, the property ownerwouldonly -

allow the outside of the structure o be
video taped. In one instance, the owner
would not allow any mping of the out-
side or inside. In these situations, we*
made note of the facr thar they did not.
want us o tipe and kepe it on file.

For blast vibration records, we used:

‘an Instnrel DS-477 seismograph. The

seismograph was placed at the nearest
strucrure o the blast Along with the
seismograph records, a blast log was
keptforeach shot Arthe end of the day,
the two were stapled togetherand kept

"in the job fle for any future reference.

SEISMIC RESULTS
The seismic results in Table 2 give an
idea of the “typical” readings obuined

- in each of the types of trench shots.

These shots were some of the closest o
existing srructures and involve rock curs
of 3' 107 in depth.

RESIDENTIAL RELATIONS
Ifthere is one facorother chan motcher
narure that can affecy the progress of 2

v
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job, it has to be the hurmnan factor The -

residents loczted right on CIiff Avenye
already knew that over half of thejr
lawn would be gone, no access 1o their
driveways for the bemer par of the
summer, and all the noise and dus
associued with 2 construction project
would norbe pleasane Add drillingand
blasting on top of thisand you have ths
potentin] for a miserable project. & .
During the drilling and blasting par-
ton of CHff Avenue, Sweerman wenr
outofits way to see tharthe corcemns of
the residents were being addressed.

We mainrained 20 open relatonship -

with the residents involved with the

drilling 2nd blasting on their propemy. -

If people wanted to sea the ~powder”
we madé sure they saw it and explained
how wé used it If they asked abour
“that blue box” (the seimograph),

wezxpluined o them that ictold us how -

much vibmtion was being caused by

the blasting. The more the people asked
us abour the blasting pomion of the
project, the more at ezse they sezmed.
We had to'listen o our share of “Wheg
['was in the miliary” stodes too, butthe
residents enjoved telling us about them:
und we were happy to listen, '

Sinceall of ourshots were maned, the
MOst common response of 2 first tme
"shot warcher” was ~Is thac a2, It was
the biggest compliment we could re-
ceive, )

CONCLUSION .

The blsting technicues used on the
Ciff Avenue Reconstruction Project
were designed 1o remove approxi-
mately 5,200 yd® of pink Sious Quartz-

ite for the constructon of 1 fiveshne

highway and ail relared underground
utilides. OF the 5,200 y& of rock re-
moved, 1,000yd* came from 2 shallow
road cut and the remaining 4,200 yd?
was removed from the stomm sewer,
sanitary sewer, and watar main reaches.

With the positive results of this drill-
ing and blasting project, the public is
slowly shedding the negrtive aminude
associated wich explosives and realiz-
ing what 1 Jelieare science the explo-
sives fleld really is, >fEE<
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BACK TO THE BASICS
ELECTRIC INITIATION
COMPONENTS

Part 1

by
Larry Schneider

Electric blasting caps were
introduced in the United States in
the late nineteenth century and
the electric delay caps were
invented around the turn of the
century. And during the past one
Jundred years, electric initiation
has been a proven method for ini-
tiating explosive charges in the
mining and construction industry
While the earliest electric detona-
tors were constructed with cot-
ton-braided insulation on the leg
wires and may have had delay
times of uncertain accuracy mod-
ern electric detonators are coated
with waterproof plastic insula-
tion capable of withstanding 3000
volts. Furthermore, in recent
years, the accuracy of the delay
times built into current electric
detonators has improved dramati-
cally

The chief advantage to using
electric initiation systems is that
the electric circuit including the
detonators can be checked prior
to firing. Such a test can detect not
only the continuity of the circuit,
but by evaluating the resistance of
the circuit, the blaster may find
potential problems before deto-
nation A minor advantage may be
the fact that the copper wire used
in electric blasting is a material
which can be recovered.
However, it is important to note
that if the blasting crew does col-
lect this used wire, that it be sold
to a recycling facility and not
reused. Connecting wire should
never be reused on a blast in
order to avoid possible problems
in the event that the wire has sus
tamed some damage that is not

readily apparent.

Other advantages of elecmc
blasting, which it shares with the
nonelectric systems are:

1) The blast can be detonated
remotely from a safe distance and
a safe location.

2) The blaster controls the
precise moment of detonation.

3) A variety of long and short
interval delays are readily avail-
able.

The chief disadvantage to elec-
tric blasting is that the electric
detonators are susceptible to pre-
mature detonation caused by light-
ning, radio transmissions, static
electricity or any other source of
extraneous electric energy

The necessary components of
an electric firing system include
the following:

1) Detonators - Electric deto-
nators are designed to fire when
sufficient current is applied to
them, and they must detonate
with sufficient strength to cause
any high explosives with which
they are in contact to also initiate.
The detonators may be instanta-
neous, which means they fire
immediately upon application of
the current. Or they may be delay
detonators which means they fire
at a preset time after the current
has been applied.

2) Power Source - The source
of the firing current for an elec-
tric blasting circuit is usually a
capacitor discharge (CD) blasting
machine. However, a few blasters
may still use the old style push
down, or twist type hand genera-
tor type blasting machine. Certain
operations such as underground

quarries may use power lines to
fire blasts.

3) Wiring - The wiring used in
electric blasting include the leg
wires of the detonator, any con-
necting wire used to hook the leg
wires of individual caps or series
of caps together, and the “lead
line” or “firing line,” which con-
nects the power source to the
blasting circuit.

4) Test Equipment - Blasting
galvanometer, blasting multime-
ters, or any other test device built
specifically to test electric blast-
ing circuits for continuity or to
measure their resistance, and
other electrical characteristics.

ELECTRIC DETONATORS
Electric Detonators are avail- -
able from their manufactures in a
variety of trade names or designa-
tions. These designations may
indicate that the detonators are
either “short interval” delay deto-
nators or “long interval” delay
detonators. The “short interval”
detonators consist of detonators
whose firing times are measured
in milliseconds (1/1000 of a sec-

ond). The so called “long inter- - ™"

val” detonators have firing times
which are separated by times on
the order of 0.5 or 1.0 second.
Both types are available in “series”
of detonators with similar electri-
cal firing characteristics but with
different firing times. These series
may consist of 10, 20 or 30 or
more detonators with different fir-
ing times arranged in order of
their nominal firing time. These
detonators are identified by a num-
ber which is referred to as the
delay number. Both delay number
and firing time, as well as the man-
ufacturer and brand name, can be
found on the identification tag
attached to the leg wires.

The cut-away diagram illus-
trates the construction of a gener-
ic instantaneous and delay electric
blasting detonators. While the
actual elements of each type of
detonator may differ slightly in
shape and composition from dif-
ferent manufactures, the basic ele-
ments necessary to the function of
the detonator are similar.



‘When sufficient electric cur-
rent is applied to the detonator
through the leg wire, the electric
energy causes the bridge wire to
heat up in a manner similar to the
filament of a light bulb. (In some
electric detonators, the bridge
wire is replace by an electric
match assembly which performs
the same function as the bridge
wire, that is, converts the electric
signal to a burn) Since the bridge
wire is in contact with a heat sen-
sitive chemical called the ignition
compound, the heat from the
bridge wire causes this compound
to begin to burn. In an instanta-
neous detonator, the burning of
this ignition compound immedi-
ately causes the detonation of a
primer charge which in turn sets
off the base charge.

In delay detonator, there is a
delay element between the igni-
tion compound and the primer
charge which slows the progres-
sion of the burning inside the cap
for a pre-determined length of
time. This time corresponds to the
delay time of the detonator.
Provided that neither an exces-
sive, nor insufficient, electric cur-
rent is applied to the detonator,
the delay time is unaffected by the
firing current. All detonators in a
firing circuit receive the electric
current at the same time; the time
interval between the application
of the current to the bridge wire

CLOSURE

PLUG

PRIHIKG CHARGE

BASE CHARGE

Cross-Section Diagram of Instantaneous & Delay
Electric Detonators 3
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and the detonation of the base
charge is determined by the com-
position and the amount of the
delay element.

Other features of an electric
detonator are the metal shell
which encases the explosive com-
pounds, the sealing plug where
the leg wires enter the shell, the
leg wires, and the shunt attached
to the leg wires. The metal shell
of the detonator is made of alu-
minm IN most detonators, and
the leg wires are normally cop-
per. For some applications, where
contaminants are removed from
the blasted materials by means of
magnetic separation, the leg wires
are made of iron. Iron leg wires
have a much greater electric resis-
tance than the copper ones and
will limit the number of detona-
tors in a single series or a circuit,
Both types of leg wires are coated
with plastic insulation. At the
opposite end of the leg wires
from the detonator, a metal shunt
will be attached to the bare ends
of the leg wires. This shunt is
either metal foil or other conduct-
ing material, which froms a short

. circuit across the bridgewire pro-

viding some protection from stray
currents. Due to the added safety
the shunt provides, it should
never be removed until the time

the detonator is wired into the
blasting circuit.

The sealing plug is tightly
crimped into the open end of the
detonator during manufachlre and
forms a waterproof closure. It
also provides a firm attachment
for the leg wires where they
enter the shell of the detonator.

POWER SOURCE

In order to initiate a blasting
circuit, there must be a reliable
source of sufficient elecirical ener-
gy which can be delivered in a
short period of time. An older
style of blasting machine, which
the general public commonly
associates with blasting, is the
“rack bar of push down” genera-
tor. These machines are operated
manually; when the handle is
pushed down, a series of gears
spins a rotor inside the generator
assembly producing a voltage.
When the handle reaches the end
of its travel, it closes a switch
which delivers the current pro-
duced to the output terminals of
the machine. Such a generator
type blasting machine has a limit-
ed capacity and its output can
vary depending upon the condi-
tion of the machine and the
strength of the operator. For these
reasons, it has been replaced at




most blasting operation with
capacttor discharge (CD) machines.

The CD blasting machines
operate by using batteries and an
electronic circuit to charge a
series of capacitors. After the
capacitors are fully charged, a fir-
ing switch discharges this energy
through the blasting circuit con-
nected to it. These CD blasting
machines are available in a wide
variety of designs and capacities.
Some of the newer machines are
physically very small yet capable
of firing over 100 electric detona-
tors in a series. Some of the larger
machines can easily fire up to
1000 caps in a series parallel
arrangement. When- selecting or
using a CD blasting machine, the
blaster must be sure that the
machine he is using is capable of
supplying sufficient energy to all
the detonators in the circuit so
they reliably fire. The data, usual-
ly in the form of graphs or tables,
required to evaluate the capacity
of each CD machine is available
from. their manufacturer.

A special class of CD blasting
machines is the sequential timing
blasting machine which consists
of a number of separate capacitor
circuits and output terminals each
capable of firing a series of elec-
tric detonators. These separate fir-
ing circuits discharge their energy
at predetermined time intervals,
and thus provide an alternate
method of delaying the initiation
of electric detonators. When used
in combination with electric
delay detonators, sequential blast-
ing machines provide a method of
producing up to several hundred
separate delay intervals in a single
blast.

In some operations, such as in
certain underground mines, firing
the blasting circuits is done by
means of a power line. Whenever
such power line blasting is used,
special care must be taken in
designing the circuit, the switch-
es, and the available voltage and
current. Such power line firing
requires added precautions to
ensure that there is an adequate
amount of energy for the detona-
tors, and at the same time, ensure

Gauge Wire
Size Diameter
{ inches)
10 101
12 .080
14 064
16 .050
18 .040
20 032
22 .025

Wire Size and Resistance Chart

Ohms per 1000 feet
of copper wire at 20” C.

0.99
1.59
2.62
4.02
6.39
10.1

76.2

that there is nmot an excessive
amount of electrical energy
applied which could cause arcing,
hangfires, or misfires. A lightning
gap, which is a physical break in
the circuit of sufficient size to pre-

vent lightning from arcing across -

it, must be used in any power line

- system. The overall circuit must be

evaluated by an experienced elec-
trician, knowledgeable about the
safety standards required for elec-
tric blasting, and the power line
should be used solely for blasting.

WIRING

The leg wires are the wires
which extend from the detonator
and come in a variety of lengths
from six feet to several hundred
feet long. Obviously the deeper
the borehole is drilled and the
larger the burden and spacing are,
the longer the leg wires of the det-
onator must be. The electrical
resistance of the detonator is pri-
marily determined by the length
of the leg wires. For example, det-
onators with copper leg wires 20
feet long may have an electrical
resistance of 1.66 ohms; however,
the same type detonator with 60
foot leg wires will have a resis-
tance of 2.18 ohms. The resistance
of the detonators used is a vital
piece of information required to
design the blasting circuit.

Another type of wire used in
blasting circuits is the connecting
wire, which is used to extend the
length of the leg wires on the sur-
face, or to connect one series of
detonators to another. Connecting
wire should be made of single
strand, solid copper wire of suffi-

cient diameter to minimize the
resistance of the circuit. Such con-

&
Moveable
I

Environmentally



.nccting wire should be between
#18 and #22 gauge size depending
on the current required and the
output of the power source. Wire
diameter is measured in terms of
gauge size with the smaller gauge
number indicating larger wire
diameters. As can be seen from
the table, gauge size #18 has a larg-
er diameter than #22,

be long enough to allow the
blaster to fire the shot from a safe
distance and at a location provid-
ing sufficient cover.

Lead should be at least #16 or
#14 gauge size, conductors smaller
than this are not recommended.
Larger conductors, such as #12
gauge may be required in instances
where very long lead lines are
required. Stranded wire is never
recommended for use on a blast
site, since over time the strands
may be broken by falling rocks or
rough handling, which would
effectively reduce the current car-
rying capacity of the wire.

TEST EQUIPMENT

As mentioned previously one
of the chief advantages of electric
blasting is the ability to check the
circuit’s resistance and continuity
However, to make use of this
aspect of the electric initiation, the
blaster must have the proper test
equipment, that is, a blasting gal-
vanometer, or blasting multimeter.
‘When measuring the resistance of
a blasting circuit, these instru-
ments operate by sending a minute
amount of current through the cir-
cuit, therefore, it is critically
important that only equipment
specifically designed for use in
blasting circuits be used. The out-
put of the blasting galvanometer
or multimeter is limited to prevent
any possibility of firing the deto-
nators. For this reason it is also
important that; no one tamper
with the test equipment, that only
authorized agents repair this
equipment, and when replacing
batteries in the equipment, use
only identical replacemerits.

The blasting galvanometer,
which is more accurately called a
blasting ohmmeter, measures only
the resistance of the circuit it is
testing. A blasting multimeter can
not only measure the resistance of
a circuit, but also has the capabili-
ty to measure stray currents, test
the output voltage of the blasting -
machine, check for current leak-
age, make several other electrical
tests. >JEE<
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CURRENT & RESISTANCE CALCULATIONS
by '
Larry Schneider

FUNDAMENTAL ELECTRICAL
QUANTITIES

The proper application of an
electric initiation system requires
that each and every detonator in
the blasting circuit receives an ade-
quate amount of electrical ene_ﬁ%y
so that it will reliably fire. The
power source, such as a blastin,
machine, provides the electrica
energy; lead line, connecting
wires, and leg wires provide a
continuous path to transmit the
energy and the electric detonators
convert this eleciric energy into an
explosive initiation sequence
described in the last article.

To ensure that these compo-
nents work properly requires
Elanning the blasting circuit

ased upon an evaluation of the
capacity of the power source, the
number and type of detonators to
be used in a blast, the amount and
size of wire to be used. Any tech-

nical discussion of electric initia-~ -

tion must necessarily include
some understanding of the funda-
mental principles of basic elec-
tricity Specifically this means a
knowledge of electrical quantities
such as; voltage, current, resis-
tance, and energy as well as the
basic types of circuit configura-
tion, series, parallel, and series-
parallel.

Electric current is the actual
time rate of flow of electric
charges through a conduct and is
measured in units of amperes (or
amps). Voltage, which is measured
* in units of volts, is the difference of
electric  potential  measured
between two points. It can be
thought of as a type of electric
Eressure causing current to flow

etween points of different poten-

tial in a circuit. Resistance is oppo
sition to the flow of electrical
charges through any conductor or
component, and is measured in
units of ohms (€2 is the symbol for
ohms). Electrical energy when

used in the context of energy deliv-

- ered to a component such as an

electric detonator in a blasting cir-
cuit, is measured in terms of joules.

The electrical quantities of
voltage, current, and resistance in
a circuit or portion of a circuit are
related by one of the most funda-
mental equations of electricity
Ohm's Law This law states that the

amount of current flowing in a-

circuit is equal to the voltage
applied divided by the total resis-
tance of the circuit,

I =Y
R

In Obm'’s Law, I is the symbol
for current measured in amps, V is
voltage, and R is the resistance.

If the resistance of a circuit and
the voltage of a power supply are
known, the amount of current

that will flow can be predicted "

by the use of this equation. For
example, if a 12 volt battery is
connected to a lightbulb with a
resistance of 50 ohms, the current
which will flow through the light
bulb is equal to the voltage, 12
volts, divided by the resistance,
50 Ohms or 12/50 amps, which
equals 0.24 amps.

However, with blasting cir-
cuits, Ohms law is applicable
onlcﬁ in very limited instances,
such as when an alternating cuzr-
rent (AC) power line is used to
fire the detonators. In usual blast-
ing situations, where a capacitor-
discharge (CD) blasting machine is
used to initiate the blasting cir-

cuits, Ohm’s law cannot be used to
calculate current delivered to the
circuit. All CD blasting machines
apply a voltage to the blasting cir-
cuit which decreases exponential-
ly from its maximum value to
zero within a few milliseconds.
Since this applied voltage is not
constant and decreases in a non-
linear manner, Ohms law is nei-
ther appropriate nor accurate in

is case. There is, however, a
mathematical method used to cal-
culate an “effective current” from
a CD blasting machine if the total
capacitance of the machine and
the voltage is known. This
method is described in detail in
reference  books, such as
Ex plosives and Rock Blasting,
gublished by the Atlas Powder

ompany in 198%

Regardless of which method is
used, before the blaster can find
the current and energy supplied
to the detonator, he must first
determine the total resistance of

the firing circuit. As mentioned - -
earlier, this resistance is the oppo- : .

sition to the flow of current, and
from that description, it follows
that the larger the resistance of'a
circuit, the less current will flow
in the circuit if voltage remains
constant.

The first step in determining
the resistance of a blasting circuit
is to calculate the resistance of the
detonators in the circuit. The
resistance of defonators in a blast-
ing circuit is a function of the
resistance of the individual deto-
nators and the type of circuit into
which they are wired.

The series circuit is the sim-
plest, which provides a single

ath for current to flow It is one*
closed loop connecting the power .
source to all the components (in -
this case, detonators) in the circuit.
Several examples of series circuits
are shown in figure 1.

In series circuits, all detonators
receive the same amount of cur-
rent, which reduces the possibili-
ty of partial misfires that can
occur whén some detonators
receive sufficient current to fire

.and others do not. A single series

is also very easy to check for con-



teadline

LeadLine

.

Figure 1

tinuity and to measure the resis-
tance with a blaster’s ohmmeter.

However, one disadvantage to a
series circuit is the fact that the
resistance of the circuit increases
with the number of detonators

wired into the series. This limits
the number of detonators that can
be fired, based upon the output of
the blasting machine.

In a series circuit, the total
resistance of the circuit is the sum
of all resistances in that series and
the equation for calculating that
resistance is written as.follows:.

Rou=R; +Ry +Ry +... R,

Rwut is the total resistance of
the series circuit, R1, R2 etc, is the
resistance of the individual deto-
nator in the circuit. and n is the
number of caps in the circuit.

The first sketch in figure 1
shows a blast circuit with ten bore-
holes, each with a single electric
cap. Therefore the total resistance
would equal to the sum of the resis-
tances of the ten individual detona-
tors. A typical electric detonator
will bave a resistance between 1

ohm and 3 ohms. The factors
which determine the resistance of
individual detonators are the length
of the legwires, the gauge or thick-

ness of the legwires, and whether

the wires are copper or iron. From
the following table we can gener-
alize and say that the longer the leg-
wires, the higher the resistance of
the cap; also it is obvious from the
table that caps with iron legwites
have greater resistance than caps
with copper legwires.

Table A is intended as an exam-
ple only; the resistance of detona-
tors from various manufacturers

will differ. Check with the manu- -

facturer to obtain a chart or table
of the resistances for each particu-
lar brand of detonator.

If we assume the detonators in
our example have legwires
which are 40 ft. long and a resis-
tance of 2.3 £, the tofal resistance
of the five detonators in series
would be:

R = 2. 3+2. 342, 342, 3+2.
342, 342, 3+2. 3+2. 342, 3=23. 5Q

Since in this example, the resis-
tance of all detonators are identi-

TABLE A Nominal Resistance of EB Caps
Resistance in Ohms per cap
Legwirelength Copper Legwires Tron Legwires

2. 8" 43
16 * 19 53 "
20 21 7 63 ¥
24 23 " 73 "
28 " 24 " 83 i
© 30" 21 : 88
40 " 23 " 113 "
50 " 2.6 " 3.8

cal, the total resistance could also
be found by multiplying the num-
ber of detonators by the resistance
of each one. That is, ten times 2.3
ohms, which equals 23.5 Ohms.

A second basic type of electri-
cal circuit is the pure parallel cir-
cuit. While this circuit is occasion-
ally used in blasting operations, it
has serious disadvantages that
limit its usefulness. A parallel cir-
cuit is any circuit which provides
two or more alternate paths for
the current to flow Several simple
schematic drawings of parallel
circuits are shown in figure 2.

In 1008t cases, parallel circuits
are a very poor method to wire 2
blast circuit for several reasons.
Such circuits are very difficult to
test for continuity or to measure
its total resistance of the circuit. If
a blasting ohmmeter is connected
to a parallel circuit to measure its
total resistance, the meter will
show a very small resistance. In
fact with a typical blasting ohm-
meter, the pointer needle will
indicate a resistance near zero,
which makes such a circuit indis-
tinguishable from a short circuit.
Due to the fact that this total resis-
tance is so small, it is also impossi-
ble to tell by measuring the resis-
tance of the circuit if one or more
of the detonators have been left
out of the circuit. Another poten-
tial hazard is that a break in one
branch of a parallel circuit will
not prevent current from flowing
in the other branches. This means
that this method of firing is more
susceptible to partial misfires than
a series circuit.

To calculate the resistance of 2
parallel circuit, the following
equation 1s used:

=1,.1,1,

RtoealR!lRZR‘J Rn

Reomt 18 the resistance of the par-
allel circuitand R1, R2, are the resis-
tancesofindividual detonatots.

Using the same detonators in-
the previous example, but this
time assume there are five con-
nected in parallel.

1 -1 41 ., _1
R 23 2.3 3
__1. + .._l_, = _i

+ 2. 3 2. 3 23



Rpu= 25——3- =0, 46Q

From the above calculation, it
can be seen that a circuit with sev-
eral detonators wired in parallel
to each other will have total resis-
tance less than the resistance of an
individual detonator, While this
means that there is less opposition
to current, flow the configuration
of the circuit requires that a
greater current flows from the
power source in order to supply
the detonator in each path W’ltﬁ a
sufficient amount.

The third type of circuit, and
the one in which such resistance
calculations are most often neces-
sary and practical is the combina-
tion series-parallel circuit. These
circuits are used when the number
of detonators to be fired exceeds
the capacity of the blasting
" machine for a single series. The
shot is then broken down into
two or more series, and these

Sa0n Other. A
ple of a series parallel blasting cir-
cuit is shown in the first diagram
of figure 3, where 48 detonators
wired into 6 series of 8 caps each.
The 6 series are connected in par-
allel with each other.

To find the total resistance of-
this circuit, the blaster must first
calculate the resistance of each
series. If we again assume that the
detonators in this circuit have a
resistance of 2.3 ohms each, the
resistance of the series of eight
detonators is:

Riom = 2. 342, 342, 342, 342. 342,
342, 3+2, 3+2. 3=18. 4Q

Since these six series are wired
in parallel with each other, the
total resistance of the circuit will
be found using the equation for

 resistance in parallel:

1 =-_1_ 1 1
R 8.4 T iB4 7 184
_1 1 1
" 847 84T B4
1 . _6
Row 18.4

Lead line

%‘“ L'"f‘ |

Figure 2 LeadLine
From this calculation, it again  CALCULATING
can be seen that the total resiss RESISTANCE OF WIRING

tance of the circuit, 3.06 ohms, is
less than the resistance of the indi-
vidual series, 18. 4 ohms. Since the
total resistance is reduced, the
amount of current flowing
through the circuit is increased.
However, since there are four sep-
arate paths for the current to flow
the minimum current required is
four times that of a single series.
One critical fact that must be
kept in mind when blasting with
parallel or series-parallel circuits is
that all parallel branches of the cir-

eI — iy
delivered to the circuit is divided
evenly through the parallel
branches. If there is a significant
difference in the resistances from
one parallel branch to another, the
current will flow more readily
through the branch with the lower

.resistance. Therefore, a parallel

branch with a resistance greater
than the other branches may
receive less current, which may be
below the level required to reli-

The preceding calculations con-
sider only the resistance of the det-
onators and their legwires. In an
actual blasting circuit, the lead line
and any connecting wire used may
also coniribute resistance to the cir-
cuit. While in most cases these
items will add only a few ohms to
the overall resistance, in some
blasting circuits this small addition-
al resistance may be critical.

In pure parallel circuits, the
resistance of the wires may
become significant, and actuall

€aps. 1L mMOSt series CIrcults, the
contribution of the lead line resis-
tance and the connecting wire
resistance is very small compared
to the resistance of the caps. In
very large series parallel circuits
the resistance of the connecting
wire and the firing line becomes
noticeable. In fact, the greater the
number of parallel branches con-
tained in a circuit, the more signif-
icant the resistance of the wires
become.

ably fire the shot. When calculating the resis-
”
€ SERIES OF - . . . . . - -
B8 CAPS EACH ®
.
Lead Line
S b b + 2 SERIES OF
Lead Line P ! b | i 12 CAPS EACH
__] '
Figure 3




TABLE B

§ 8.1620
8 9.1285
10 0.1019
12 9.0808
14 - 0.9641
16 9.9508
18 8.0483
26 9.632
22 8.0254
24 8.6261

Resistance of Copper and iron Wire

. Di i Ingt

Ohms/1000 ft
Copper Tran.
0.39 14
.63 3.7
1.00 6.1
1.66 9.8
2.83 15.6
4,82 24.8
6.38 39.5
16.15 62.7
16.14 100
25.67 159

tance of any wire, it will be deter-
mined by the following things:

(1) Length - the longer a wire,
the higher the resistance

(2 Thickness or Gauge - the
thicker the conductor, the less
resistance

(3 Type of metal - copper has
less resistance than iron.

Wire thickness or “cross - sec-
tional area” is designated by a gauge
number which can range from 0 to
24. These numbers are arranged so
that the smaller the gauge number,
the thicker the wires. As an exam-
ple, #10 gauge wire has a larger
cross - sectional area (thicker) than
#12 gauge wire.

A lead line should be #12
gauge or #14, with the #12 gauge
preferred since it has less resis-
tance. Connecting wire is normal-
ly #18 or #20 gauge copper wire.

Table B gives the resistance
per 1,000 feet of various gauges of
wire.

The formula for calculating
resistance for any type of wire is
simply the length of wire divided
by 1000 times the resistance per
1000 feet. As an example, to find
the resistance of 600 feet of 20
gauge copper connecting wire,

the calculation is as follows:
Resistance of Wire= -
Ilggogmﬁ (ft) X Resistance from Table

Resistance of Wire =
600 ft X 10.15 Ohms = 6,09 Ohms
1000 ft

It is possible that a lead line or

firing line may be a duplex cable;
that is, it is made up of two wires
inside an insulating covering. This
means that a lead line 250 feet
long actually has two 250 foot
conductors inside it, and the total
length of the current-carrying
wire is 500 feet.

An example of 750 ft duplex
lead line of 12 gauge wire is found
to have a resistance of:

Actual length of duplex conductor =
2X 750 = 1500 t.

R = 1500 ft. X 1.60 Ohms = 2.4 Chms

1000 ft

To compute the total resis-
tance of the blast circuit, the
resistance of the firing line and
the resistance of any connecting
wire used, is added to the resis-
tance of the cap circuit. This total
resistance is what is measured
with a blaster’s ohmmeter at the
end of the lead line. It is this

resistance that will determine
whether of not sufficient current
will be able to flow through the
blasting circuit. Most generator
type or CD type machines will
have technical data readily avail-
able listing how much electric
current or energy they will sup-
ply through a certain resistance.
Each machine will be different,
and the blaster needs to be aware
of this information in order to
prevent misfires from inadequate
current distribution.

Once the total resistance of a
circuit is found, the current flow-
ing through that circuit can be
found. Unless the blasting circuit
1s fired from a specially designed
power line where Ohm’s Law
would be applicable, the blaster
must refer to a chart or table of
firing currents that should
accompany the CD blasting
machine.

Current found in either of
these ways can then be com-
pared to the minimum current
necessary to fire a cap circuit.
The current available must be
greater than the minimum firing
requirement, to eliminate the
possibility of misfire due to lack
of available electrical energy If
the available current is calculated
to be less than that prescribed by
the table of minimum current
requirements, there is a risk of
misfired charges when the shot is
detonated.

To find the minimum, refer to
a table such as Table 4 below

>JEE<

. . TABLE 4 .
Minimum Firing Current For Electric Detonators,
from Atlas Powder Company’s Explosives and Rock Blasting, ®1987

CIRCUIT | DC POWER SOURCE | AC POWER SOURCE
Single Detonator 0.5 amps/detonator 0.5 amps/detonator
Single Series 1.5 amp 2.9 amps
Paralle] Minimum of 1.0 amps/detonator | Minimum of 1.0

Maximum of 10 amps/detonator | amps/detonator
Maximum of 10
) amps/detonator
Series- Parallel 1.5 amps per series 2,0 amps per series
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PLANNING & TESTING CIRCUITS

Larry Schneider

USING A BLASTING
OHMMETER OR
GALVANOMETER

Regardless of whether a
blaster fires one electric detona-
tor per shot or a thousand, one of
the most important tools he will
use is a blasting galvanometer.
This instrument is sometimes
more accurately referred to as a
blasting ohmmeter, since it mea-
sures resistance of a blasting cir-
cuit or detonator in ohms. In this
article, the term blasting ohmme-
ter will be used to refer to any of
these test instruments designed to
be used in circuits containing det-
onators.

When blasting electrically, it
is good practice to check both
the resistance of individual deto-
nators, as well as the complete
circuit with a blasting ohmmeter.
In some areas, regulations speci-

when an chmmeter must be
used. Most regulatory and safety
standards also warn that only a
blasting galvanometer, chmme-
ter, or multimeter designed
specifically for measuring blast-
ing circuits and designated as
such, be used. Failure to follow
this rule by using an ordinary
electrician’s ohmmeter or volt-
ohmmeter can result in prema-
ture detonation, and subsequent
mjury or death.

An ordinary ohmmeter is
inherently dangerous in a circuit
containing detonators due to the
way it operates. When any ohm-
meter is connected to a closed
circuit, current from an internal
battery in the instrument flows
through the circuit being tested.
With an ordinary ohmmeter, the

amount of current that the
instrument introduces into the
circuit can be sufficient to initi-
ate any electric detonator in the
circuit.

The ohmmeters and multime-
ters designed specifically for
blasting circuits limit the amount
of current that can flow from the
meter into the circuit. In fact, the
original type of blasting ohmme-
ter was powered by silver chlo-
ride cells, which are incapable of
producing enough current to fire
a typical electric detonator. Other
approved blasting ohmmeters, or
multimeters, which are powered
by more common and readily
available batteries, restrict cur-
rent with limiting resistors inside
the instrument.

Whatever type of blastin
ohmmeter is used, it is critic
that when the internal batteries
are changed, they are replaced
with identical batteries, or with
batteries specified by the manu-
facturer of that precise instru-
ment. Ohmmeters can be checked
prior to every use by touching a
conductor, such as a screwdriver,
across both terminals. When this
is done, the needle should read
full scale deflection or zero ohms.

If it does not, and cannot be made -

to read zero by means of an
adjusting screw, the batteries are
likely to be low, and need
replacement.

In very cold weather, an ohm-
meter may not give accurate read-
ings due to the effect of the tem-
perature on the battery In these
situations, the ohmmeter should
be kept reasonably warm before
use. Water or extreme moisture

may also damage this instrument,
or affect its readings.
Ohmmeters are sometimes
used by a blaster to merely check
the continuity of individual deto-
nators before the primer is made,
or the continuity of the entire
blasting circuit.” However, the
real value of a blasting ohmmeter
is that it enables the blaster to
measure the actual resistance of a
blasting circuit, and use this infor-
mation to evaluate his wiring of
the blasting circuit.
~ After the resistance of a cir-
cuit has been measured by the
ohmmeter in the field, it can be
compared to the calculated resis-
tance of a circuit. Any discrepan-
cy found between these two val-

‘ues can indicate problems in the

firing circuit such as follows:

(A)If the measured resistance.
is significantly HIGHER than
the calculated resistance, it may
be a si
nections, damaged connecting
wire or lead wires, or that one
or more series is open in a.
series parallel connection. B

(B)If the measured resistance :-
is significantly LOWER than the
calculated resistance, it may be
due to a partial short circuit or
the fact that some detonators
were left out of the circuit when
wiring it.

(OIf the ohmmeter needle
does not move, indicating infinite
resistance, there is a break in the
circuit and current cannot flow

{D)If the ohmmeter needle
deflects full scale, reading close
to zero ohms, that indicates that
there is a short circuit, most like-
ly in the lead line.

Any of these Iproblems can
result in a complete or partial
misfire. If detected by use of the
ohmmeter, corrective measures
must be taken before attempting
to fire the blast.

As mentioned earlier, other
instruments called blaster's muiti-
meters are also designed for use
with blasting circuits. These
instruments are capable of mea-
suring voltage and current as
well as resistance. Such multime-
ters are useful in checking (1) the

of dirty or loose con- -



output of blasting machines, (2)
for stray currents, and (3) for cur-
rent leakage.

A Dlaster should occasionally
check his lead line for continuity
and measure its resistance with
his blaster’s ohmmeter, or muiti-
meter. This is done by measuring
the lead line’s resistance in two
ways; once with one end of the
lead line shorted, and then again
with that end open. The lead line
should be unrolled from the
spool and stretched out as if it
were wired into a blasting circuit
before testing.

When one end of the lead line
is shunted, an ohmmeter at the
opposite end of the lead line
should measure only a few ohms.
A resistance reading of zero
ohms, or one higher than expect-
ed, indicates that there is a prob-
lem with the lead wire. After
completing this test, one end of
the lead line should be left open
and the blasting ohmmeter
attached to the opposite end. In
this case, the ohmmeter needle
should not deflect. Any reading of
resistance in this case indicates a
short circuit in the lead line.

DETERMINING HOW MANY
SERIES TO USE IN A CIRCUIT

A previous article of this series.
explained the necessity of pro-
viding an adequate amount of cur-
rent and electrical energy to
every detonator in the blasting
circuit. A blast with a large num-
ber of electric detonators must be
wired in a series-parallel circuit,
unless the blasting machine has
an unusually large capacity and
can fire all the detonaters in a sin-
gle series. A typical condenser-
discharge blasting machine nor-
mally can provide enough cur-
rent and energy to reliably fire
only 40 to 50 detonators in 2 sin-
gle series. _

When a blast exceeds that
number of detonators, the blaster
must decide how many series to
use. For example, consider a blast
that contains 240 boreholes, each
loaded with a single electric deto-
nator. An initiation circuit could
be wired containing 3 series of 80

caps each, 4 series of 60 caps
each, 6 series of 40 caps each, 8
series of 30 caps each, and so
forth. The greater the number of
series used, the less the total resis-
tance of the circuit will be.
However, the greater the number
of series used, the larger the cur-
rent must be since it must be
divided among the series. The
question remains, how many
series would be the best way to
wire the circuit? That is, which
configuration will provide the
maximum current and energy to
every detonator?

~The blaster could go through
all the resistance and current cal-
culation for every possible series-
parallel combination, but that
would be time-consuming and
unnecessary There is a general
rule that the current to the deto-
nator is maximized when the
resistance of the detonator circuit
is approximately equal to the
resistance of the connecting wire
and the lead line. A mathematical
equation, used to calculate the
number of series, S, based upon a
physics theory known as the
Maximum Power Transfer, is
shown below.

Total resisance of all sleclrle detonstors

Tolel resislance of all fead wires, connacting wires, buswire

However, it is important to
realize that this method and the
associated equation is applicable
only when blasting with a power
source that provides a constant
voltage to the circuit. This means
that a blaster using a power line
can use this equation but a blaster
with an ordinary condenser dis-
charge machine should not
depend on it. (Carlos Delgado, an
ISEE member from Lexington,
KY, has done an extensive study
of the use of a blasting machine
and the optimum number of
series.. Anyone interested in the
details should contact him.)

Consider the example used
earlier; suppose a blaster has
loaded a shot using 240 electric
detonators, each with a resistance
of 2.1 ohms. If the lead line resis-
tance has been measured or calcu-
lated to be 4.0 ohms, and the con-

necting wire has been calculated

to be 2.25 ohms, what is the best

way to wire the circuit?
According to this equation:

24@x2.1 Q 504 Q

= = =80.6
4,000+2.25Q 6,25Q

5= 80.6 = §.98. — 9series

The formula indicates that in
this case, the best number of
series to use would be nine.
However, the blaster would find
that 240 cannot be divided equal-
ly into 9 In order to balance the
series branches, he may add three
more detonators to make a total
of 243, which can be divided
evenly into 9 series of 27 caps
each, .

At this point in the calcula-
tions, the blaster has determined

only that 9 series of 27 detonators -

each is the best way to wire this
shot. Even wired in this manner,
the blaster still cannot be certain
that the detonators will receive
sufficient current to reliably fire.
While this §* formula will yield
the best combination to use, a
power supply which is too small
or one whose voltage is too low,
will not reliably fire the circuit
regardless of the configuration.
Since the current and energy
available to the circuit is depen-
dent on the power supply, the
blaster must still use the resis-
tance and current calculations to
ensure that the circuit will
receive adequate power.
Continuing with the example
above, would a power source of
440 volts AC provide sufficient
current to fire the detonators? To
determine whether it would,
requires a blaster to first calcu-~
late the resistance of the circuit.
Twenty- seven detonators at 2.1
ohms per detonator produce a
total resistance of 56.7 chms per
series, When the nine series are
connected into parallel with each
other, the total resistance of the
detonator circuit is 56.7 ohms
divided by 9 series, or 6.3 ohms.
The resistance of the lead line is
4.0 ohms, and the connecting
wire is 2.25 ohms, so the total



resistance of the entire blasting
circuit is:
A=6.3Q+4.0Q+2.256=12.6Q

Applying Ohms Law, the cur-
rent provided to the entire circuit
is:

_ 440 volis
12 . 6 ohms

- The 34.9 amps of current sup-
plied by the power source is
divided equally among the nine
balanced series. Each series
receives 3.87 amps ( 34.9 + 9).
Each detonator in the series will
therefore receive this amount of
current. According to a generally
accepted standard, the minimum
firing current using an AC power
source is 2.0 amps per series.
Since the available current of 3.87
amps exceeds this value, the cir-
cuit as wired will reliably initiate
all detonators.

Consider, however, if a 120
volt power source is used in an
attempt to fire this same circuit.
Ohm’s Law as applied would
show that the current available is:

= 34. 9 amps

I—-w,lti = 9.52amps

" z.60

Again, the 9.52 amps is pro-
vided for the entire circuit,
which must be divided among 9
series. Therefore, each series
receives 1.06 amps (9.52 amps +
9. This value is well below the
minimum recommended firing
current of 2.0 amps AC, and the
blaster risks the possibility of
misfire in this case. Again the
calculation of current using
Ohm’s Law is restricted to
power sources with a constant
voltage; use of a blasting
machine requires the blaster to
consult a graph or table of out-
put current for various circuit
resistances.

GENERAL NOTES ON WIRING

If the number of detonators to
be fired in a shot cannot be divid-
ed evenly into a number of bal-
anced series, the blaster must
decide carefully how to handle it,

In the example above, there
were 240 detonators which could
not be divided evenly into 9
series. The solution mentioned
was to add 3 detonators to make a
total of 243, which can be divided
into 9 series of 27 caps each.
These three additional d}e)tonators
may or may not be loaded into
boreholes. .

Another possibility is to wire
six series with 27 detonators and
three series with 26 detonators.
In this case, the difference of one
detonator or 2.1 chms between
series would not affect the cur-
rent distribution sif%g.ﬁcanﬂy
However, whether this can be
safely done in other cases will
depend on the amount of current
available above the minimum
required, and the resistance of a
single detonator. If the current
being provided by the power
source is close to the minimum
value, it would be best to add
detonators as illustrated in the
first method above and eliminate

- any possibility for a partial mis-

fire due to uneven current distri-
bution.

It is also important to keep in
mind that it is actually resistance
that is the determining factor in
deciding whether series are bal-
anced. Series containing detona-
tors with different leg wire
lengths will create unbalanced
sertes if you consider only the
number of detonators per series.

A series of twenty-five detona-.

tors with 16 ft. leg wires has a
total resistance of 47.5 ohms; a
series of twenty-five detonators
with 28 ft. leg wires has a total
resistance of 60 ohms. Should
these two series be wired in par-
allel with each other, they would
be seriously unbalanced.

When a blaster performs all

his resistance and current calcula-
tions and finds that he is near or
below the minimum required
current, what are his options?
Assuming he has split the shot
into the optimum number of
series according to the §* formu-
la, he can gain nothing by
increasing the number of branch-
es above this number, in fact,
current received by each detona-
tor will decrease.

The best and most obvious
option is to use a larger power
source, either a larger capacity
blasting machine or a higher
voltage. Another possibility is to

decrease the resistance of con- -

necting wire or lead line.
However, this should never be
done by shortening the length of
the lead line, because this can eas-
ily lead to a less safe initiation.
However, the resistance of both
the lead line and the connectin
wire can be decreased throug
the use of heavier or higher
gauge wire.

All wiring calculations in
these examples are based upon
good wiring practices. Poor
splices and connections can con-
tribute an unknown but signifi-
cant amount of resistance to a
circuit. Mechanically tight, clean
splices have negligible resis-
tance. If the ends of the lead line
are dirty or oxidized, sandpaper
can be used to clean the bare
ends. Connecting wire from a
previous blast should never be
reused, since it may have sus-
tained damage from flying rocks
or stresses that are not readily
visible. The insulation of lead
line should be checked often as it
is being unrolled, and all wire
used on a blast should be made of
single strand, solid copper.
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