
GENERAL ATF REGULATIONS CONCERNING EXPLOSIVES 
.. (Revised September, 2005) ·, 

Please read the following information: 

It is Cal/ OSHA's policy not to require Federal ATF Clearance, Permits or Licenses before testing for a 
California Blaster's License. · · · 

However, this policy does not exempt CaHfomia Blasters from Federal ATF regulations which are briefly 
outlined as follows: 

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

b. If you are a company or self-employed blaster who purchases, transports or uses explosives, yo~ must
hav~ an ATF Permit. Also, the Responsible Persons must be identified, and subnnt their fingerprints 
and photographs to ATF for a background check. 

 
·. 

An unemployed blaster must also have an ATF permit to purch~e, transport, or use explosives. 
. . 

c. 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
days for a background check, as an "employee possessor" or EP. Constructiye posse~sion includes 

,drivers, magazine keepers, and others who .may come in actual contact or have access· to explosive 
materials. 

 

' · · 

Whether or not a background check has been conducted, all ATF explosive licensees and permitees
(and employers) must not knowingly allow any prohibited person to purchase, transport or 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.substai:tce (drug user) 
4.) An adjudicated mental defective 
5.). Ari 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. If you have any questions regarding these Federal Policies, you may call ATF at 202-927-2310, or go
o.nline to: www.at£gov 

 
· 

Cal/ OSHA Mining ap.d Tunneling Unit 
Blaster's Licensing Program· 

1367 E. Lassen Ave., Suite B-4 
Chico, CA 95973 

530-895-6938 

· 



BACK TO BASIC$: 
INITIATION·AND PRJ1\1IN"G 

by, 
Ric:.b.:l.rd A:. Dick 

D6:mis Y. !Y_·\..x:u:ire:J. 
I...:u:ry .R. Fletcher· 

U.S. Bure:J.u of iYlines 

The initiai energy source .may be electrical, 
such as a generator or condenser­

discharge blasting machine or a powerline: 
used to energize an electric blasting cap, 

Dr a heat source such as· a spark 
generator or a match. Thf? ene.rgy 

·conveyed to and into the individual 
blastholes may be electricity, a·burning 

fuse, a high-~nergy explosive detonation1 
·or a low-energy dust or gas detonation. 

-~ consider~blc 
~unc of e.."'l.ergy is 
required ro initi:l.c~ :1 

liigh. e:tplosive .;uc:h 
:as :1 d~te or o.p­
sensitive slurry. [n 

blasting, high r!."Cplo· 
s!ve.:; .:tre initi::u:ed. by- :1 

de~on:J.tor. which !s :t 
c~ule c:ont:ililing :1 

,:;ent::~ of re!:J.tiveiy .:;e~­
:itthre ~"'':p!osives ch,:lr 
o,n be r~y irllti­
:u:~ by :l.!l OJ.Ieside 
~:l~::gy .:;ource. Bbsting :.tgenrs. 'which 
::ue the most common products used :IS 

ch.e rn:ti.ncolumn ch:lrg~ in the b.l:lstholc:. 
:u-e r:ven lt:Ss .::>ensipve to inic.i:l.tton th:.m · 
high t!.."Cpb;ives. To :lSSUre lk?c:::nci:J.bie 
iruci.:ttion of these ?reduces. the tnitt:l.tor 
is usu:ll.J.y placed into .J. ..:oncine: or 
high r:::colos-ivt:S. v.·ruch in rum IS cl:tced 
into thd column of bb:lting :J.gt:~C.. 
-~ io.iri:J.tion :zysrem coru;i.:ics of thr~ 

l:;lasic p:J.rtS. 
.-m ·ini~ "t!'.tle..rgy .sourc~:: 
.-1!1 en~ distribution nc;wo~ th:lt 

conveys energy into chi:! individu:ll bi:J.st-
holes. 

.-\.nin.-the-hole tompo~c:."lt th:lr usc::~ 
energy tiom tht: distribution nc:twork to 
initi.:lte :1 op-sc::nsitive c.:cplosivc::. 

The initi:ll ~riergy sourctHn:J.Y be dec­
tric::::ll. .SUch~ :l gc:."'l.c!r:ltOr or conc;ic:ruc:r­
discfl.;lrgc bi!l.Sti!ig m:iC:run<.Jer :t. 

poweriinc: used.to c:ner~c:: :.m ~lc:"'"..tnc 
bb,sting cp. or :1 h<::::U: sourct! such :l.S J. 
.:>p~genc:.':ltoror:ull.:ltch.: The ~c::::gy
.:onveyed to :md. imo the: indivtdLL:ll 
bb.sthol~ m::~.y be dectrici.ry. :1. burrung 
fuse. ':1. b.ig.h.-d'lc:."'D' c:xploszve *~n:.t­
tton. or :1. !ow-;nc:rgy du.sr or g::tS ,dc::to­
tutio~ Figure l.::>hows :.1 cypir.::tl dc:iton:l.• 
tor· or "'busr.ncss end- o(thr: irut.t:1t1on 

:.-ystem. Tnis de~on:.ttor. when insc::::red 
i:nro :1 C:-..tp-:iensidvc e.."Cplosive :mi:i :.:tcti­
v:J.rc:d. will initi:lle the dt:ton:W.on of the 
e..~piosivc: ..:oium.n. Comm~:Ci:.l.l ¢eta· 
ti.:lcqrs v:~.ry instre:lgthirom.:-io. 6 co Nq. 
l:l. .-\.!though. ~o. o :tnd ;-io. 8 decon:~.­
rors :1r~ tht! most ..:ommon. th~re i.:i l 

tre:ld cow::l.rd hight:r scr-:ngrh dC:ton:.~­
rors. p:.uti_cubxiy -;y·h~::n bl:.t!iting w_lm 
op-,:;ensitiv.: produc:rs which :u-e lt:SS· 
.s~itivc th:1n dymmi.tes. 

Tht: primer is the unit of c:tp-.:ic:n.sitive 
r:."'':plosive concaii:llng the detOO!ltor. 
Whe:e tht: 1'IUin bl!l.Stb.oLe cha.r.ge is 
high ~:tplosive. the detomtor tn!lY b~
ins~:ted i..nto the! t.:blwnn lt :my poi..nr. ·
However.  most or the produces used for 
bbsting ioci:ly (bbsting :1genes) :.tre in­
.:ic:nsiuve co :t No. :) deton:u:or. To d.eta­
n:~.re these :n:oducrs. rh~ detonator must 
be inSe:tc:!d imo :1. unit ot op:.::iensitive 
c:.-cplo.sive. which in rum is in.serted into 
the bbsting :~.gem coiumn::J.t the ck:>ired 
point of ini~tion. 

,

Tne ciiscusstons or" the: v!lriQ~ initi:.l~ 
cion :md .p.c.rrung :iys•ems will cono:o· 
tr.ue onrn:.uilv on ..:ommon pL:=LctlCt:. 
With ·c:-..lc:.h :lY.$te:n rhc:::re :ltt: opaon:U 
tec:h.ntquc=; :md ·tnc:.lcs oi che tr:ldc::- th!lt 
inc:n:::l.:ic ~•y:stc:m vc:::~::J.tiliry. !tis .:r. good 

ide to confer v.irh 
rh~ manubcrurer 
before · fin~lizing 
yout Ulltiation ~d 
priming progo.ffi.so 
you iu!lyunde::sr:md 
how ro b~r use ::t 

spr:c:itlc systr!!Il. 

DEL-i..Y S'ERIES 
rigure 1 .:;hews :.on 

inscnt:lneous d~~o­
n:.uor. Ln chis type -o( 
de~On:ltor. me O:l.St! 

cb.!lrge· deron::J.tc=s 
witb.in ::t millisecond 

or .wo :lli:e:- the c:.~em:~,i c::lc:::-gy ::::n.rc::~ 

 
the c!eton:1ror. Ho~.,•e•,e:-. in mosr typ~ 
of bi!l:i~g. tim~ inte.rv:lls :~.re requird 
bt::twt:;."'l the: deron:ttion of v:trioLIS 
bb.:;tho!~ or c:venbc:twc:n ciec!-\5 within 

·:1 hl:lStnole. To :J.ct:ompiish this.l dc!:ty 
dernc::1t conci.n.ing :1 burning po~·cic::: 
is pl::u:c:d i.mmc::di:tt~iy bc::i'ore tile: ?rim· 
ing cro;.ge in the dc:to~tor.' Figure ~ 
:;hows :.t cid!ly- d~ron:.tror. 

There· :J.re chre: b:l.Sic de.!:l.y .series: 
slow· or a.innd dd~ys. f:lst or rn.ill.isc:c­

, and. de!:lys, :md coal mine dehys rbr 
use in underground coal mint!S. For :ill 

 
corn:trlCrci:ll dei:ly cieton::ltors. the ciel.:Ly 
tim!:! 

 
~ dc:te:min~d by the length :md 

 
burning· r.ne of the de.!:ty powdc:r coi-
umn. :-.:,:; :J. result. :llow ddJ.y cps m:xy 
be quirt! long· in dime:"l:iion whcrc:::JS 
lower period mlll.i.s~cond de!:rys ::lre 
shorter. Although th~ timing oi d.eby · 
d~::ron:.tror:s is :lUrr.ICic:nr.ly J.CC".Jr:ltc: for 
most bh:.ttng nc::eds. thcs~ del::!ys :tre: 
nor prc::ci:i~. :J.S indic::u:ed by rece:.:lt re· 
se:u-ch. Rc::::encly. howe•ti!r. r:n:.mui:~c· 
rurc::::;' colc:r-nce:s for ~omc: dc:i:tv cos~ 
h:lve bc::c:n tlghtenc:d. It is imoo~nr 'co 
use the tn:lnui::l.aur~rs r.t:co~c:::ndc:::a 
C:um:nc level to iniu:uc: d~.ric: ~i:l.Stl!l~ 
r:::tps~ G~ntlt::vds :1bo:ve or be:::! ow the: 



.---"""'· l:-'I.L.reme.ty nigh currencs on
:;pCT!d up del.:J.~· firing times. )iar the 
minimumfu'ing current. dl:l:tys on.be· 
·ctime t!.'Ct:reine!y en:ttic:. 
· Slow del:l'ys :~.re use.fu! un-
d~undundertigh!shoo~
ing conditions wh.ere i.t l.i es
senti:U th:lt the burden on
one hole moves before:z.sub­
sequent hole fires. This situ­
ation rrmy occur in tunnels, 
s.h:lfu, undergroWld met:tl­
nonmecl min~s. and in
trenching. Slow deb.ys ~e
aV:Wa?I~ with :ill initi:lt.ion 
systems e."tceptsurf:lce deto­
n::Lting cord rmd deb.y c:u;r 
primexs. Delay inrerv.Lls :l.re 
typic:illy O.S to l sec:. 

.iv!ill.ise~nd de.b.ys :t.re rht! 
most corrunonlyusedd~ys 
:lnd :ue useful wh~re'ler rht: 
eight condidon..S previously mt!nuoncd
::u-e not pre!?ent. :Vf.ill.i!;econdcid:tys pro-
vide improved fogmt:nt:ltion. con-
trolled throw. :md ~educed gro~nd vi-
br:u:ion:md :tirbhsc.. ti.s comp:1red .,.-ith 
simult:mc:ous iiririg. They ::tn: :J.v:ill:lble 

,ators. d::l:ly intc:i'>-:lls :tn:: :2'5 
to 5Q m:; in the lov.:er periods :md :tr~ 
longer in the higher periods. ~n deto­
a:tting cord del:ty connec:toei, the dd:.ty 
m:ty be .ns .inert :r.s s .ens. 

Coal mine delays are· a special 
series of millisecond delays. Since 
only e/ectdc initiation systems are 
permissible in underground coal 

m1'nes: coal mine delays are 
available only -with electric initiators. 
Delay intervals are from 50 to 100 

· msJ with instantaneous caps being 
·prohibited. 

Co:J.l min>:: dt:bys :tie .:L .-5-pcci:ll.::;irit:.s 
6i mi!l.isccond de!:lys . .Sine~ only dec·.
uicinit±trlon.:;ystcrr>.::i:l.re p~~sibk in
under:,TTound co:1! min~. co:.!:l mine
deb.ys !lrt! !lV:t.ib.bl~ only .,.·im dt:ctric
initi:ltors. Dd.ay i.nteflt-:ll.s :1re from 50 to 

100 ms. with imt:mcn~ou.:;

6ps being prohibiced. Coal 
tnine dd:tycps.::t!w:lys utiliZe 
copper ~lloy ,:;ho:!ils :.1nd iron 
leg wires. fron leg wirt::s :m: 
:Wo :LVZLibbl~ option:.r.lly with 
ordin:.Lry decr.tic dt::ton:J.tors 
:md:uc::: used prim:mlyro fxiti­
t:lte tn:l,!;,"'l.dc remov-.ll of the 
wi.rt:S from the muck pilt:: • .:iuch 
:J.S in cron:~. :md s::tlt .mines. 

Figur.e l. !nsz:amani!OttS rkiorwcor. 

ELECTRIC lNIIIAllON 

Elt:cuic. initimion has ·been 
useQ. for mnny. re:us in bot:h. 
~-urr':J.ce:lrid underground bwt· 
ing. -~ ~iet:tric bl.::t$ting o.p 
consists of t'W'O in.Su!:ltec;! leg 
wires t:b:lt p:l.::is through :l wo.­
rerproor sc::U :1nd into :1. met:Jl 
opsule cono.ining :J. serit!S or 
c::cplo:;ive powd~rs.Ct1g. ,3). Leg 
win:s or v:uious Lengdls :u-e 
:.tv:1ib.bl~ to:J.c:commocb.te ~­
ous borehole d-c:.p.ths. !n$1de 
the op.suk the LWO !e; WlJl!S 

:lre c6nnec:t::d. ·bv :L tine tlb.· 
menr bridge wir~ ~ed
in :l. highly ht:'_-lt·::it::~itivc: C:..'t· 

curreru the bcidgt: wire bt::~tS.sufiicientiy 
co in.iti:.ue the ignition mi."mlre. which in 
tum 'initi:.tte:> :t :ic:ric$ of le:>s :;e!l:liti"·e. 
mo.re powerful e:tplo:>ives, Oeton:ltoxs 
:are :~.v:z.ii:.tble in strengths r:u1ginz from 

. ::tbouc ~o. 6 to ~o. l!. with 
 ' · :-io. 6:md.No.Sb~ingmosr. 

common. Trends : recendv . 
::tre tow!lrd higher srreng!h 
detonators. 
~~lose dearie bb.sting cp:; 

h:l ve cop per legv..·ires:. Iron 
leg .wires are !lvaii.able for 
use where m:ignetic sepa­
r:ttion is. used to re:no\-·e the· 
iegwires: :J.t the-preparation 
pbru. Ati6.s Powder Co, h:LS .
prepared.:m e."':cellen.cb:md- .
book r:h:lr describe> dearie 
bl::tsting procedures in de-
r:ill (!).~ 
Th~ Saf-T-0<:::: !lnd

~{a_gn:J.aer electric bl:tsting 
.c::lps ::tre r»'O rec:enc developmentS. The 
:i:.1r-T -Dt:t resc:mblc:;·:J..:it.:md:lrd e!e:c:rilc 
q!:J.Sti.ng o.p but hn.s no buse ch:lrge . .J... 
lcngrh of 100-gr or le.ss deton:1ting c:~rd 
is lnserted into :l well ro :~.a :u; :.t base: 
ch:u'gl! just bdore me prim~~ h;·_m:ldc: 
up. Thcclc::vtce i::i ~i.m.il:lr co :~.n ~!ectric 
bl~ting op in reg:1rd to required firing 
cui-rem:; :mri c=:a:r.1neous elec:tricicy h:J.z-
.trds. Tilt: .:)<lf-T-Dc::c i.s nunu6crured in-
ndi:l. :md is not :t~ilable in the L"nitcd 
:)oce,s :tc t.h.!.!i time. 

The :Vlagn:xde~ is :.ilio :ii.mil:J..r cp :.1 

soncb.rd d~ctric bl.::u;ting op. 1'!-~cepr 
th:J.t me:: e-nd or c-.1ch O:P lad conr.:li.r>.s :t 
pi::L$tic ct:~vc::red f~mce toroid!ll nng. The 
~-ystem is hooked. up by p:l.S$ing :~..:;ingle 
wire through c:".l~. ring. -"-~pc~ bi:lsr­
ing rpacl:llne is used to fu-e rhoe deco­
n:ltors. Tht: m:mur!:u:rurer. ICI of .:>cor­
bnd. cl:lum ose oi hookup :md 
protection :~.g-..tinst·r:;ru;ineous decrrit:· 
icy as ::~.dv:tnt:Lg~:s oi this :>-ystr::.-n. 

TYPES OF CRcur:tS 

[n order .t'lre :::!c:ctric b.b.sring ops. 
di.t: ops must be con.ot:ct~c:i inco cxr­
cuics :md c:..'1ergized by :1. powe: .source. 
There :J.r.t: t.hn:e typc:s of de:c:tnc bl:lStlng 
drcuics ttig. -t). In order or orer'.::-ence 
ch~y :.tre :;;n~. p:1.r-.illd ~en~s. :md p:lr· 
:J.Ucl. · 
. In se:nt:::i cil't:ultS :.til the ops :.tre con· 

nc:ctc:::d·consecucive!y so cb.:~.c t:h~ current 
trom the: _power source b.:J.!i only· one: 



-AlSO, all the o.p.s receive rht! same
:1mounr of cucreb.r. 

Figure 5 .shows rec:ornm~nded wire 
.spUces for bb.sting circuits. To .splice 
two small wires, the wires ::tre looped 
:mdtwisred together. Toconnc::c:ca sm:ill 
·wire to :1 hrge wire: the .sm=ill wire is 
wcppdi :around r.hc l:Lrg~ wire. 

The d~ct:rio.! re:>ist:J.nce of:t.serit:S of
o.ps is eq~ to the .sum of the resis­
t:mces of the individu::ll cps. For mosr
bl:Isting machind, ir is recommended
th::u: the number of cps in .!l si.ng!e 
series be limited to .W ro-50. depending 
on the leg 'Wire lengtli. Longer legw'i.res 
require .sm:iller serit::S. The:: limit for.mo.sr 
smallt:wisr-..'YPe bl:lstingm:1chines is lO 
cps wi¢' 30-ft.leg wires. 

:Vf:my bbsreri mini.mize exc~ss wire
Cr-r:ween holes co keep the bl:lsr sire 
from reing clurrered. The ends of rh~
op :;eri<:S :u-e .e."Ctended to ::r. point of
s:lfecy by coMecti.ng wire. ~·hich· is 
usu:illy 2.0 g::Lge. buc should b~: he-.J.vi~:r 
where circui'c re.siscnce is :1 problem or 
when wing p:Lr.!llel circuii:S. Thls con­
necting win~ is consid~rcd c::xpcncbble 
:.~nd should be: tJ.?C::d only cmcc: .. The: 
connecting wii'e is in rum connc::::rc::d to 
the t:iring tiri.e. which in rum is con­
nc:cred to the power ,:;ource. 

Tht:! r'iring line conr:tins two :;ingle
conducting wires of 12 pge or ho vier.
:1nd is reU:ied from shoe co $hoc. It tn.:lY

.be on:J. n:::lmc::ch:mism.for porcbillcy,
or rray be irl$ollcd o.long the:: ~·:J.ll or ;z. 

runnel in ;~n underground opr::r..tc:ion. 
[nst:illed. tiring. ·linl:!s should not bl:! 
grounded, ,:;hould be ai:J.de of coppc:r
cilierth:m:Il.uminum. . :md.shouid h:J. ve. 
:J. lS.:ft lightning _g:lp nc:l!' the:: powt::r
:SO~e ro gw.n:i:l.::,o:lln.st prem:J.Il.J.h: bl:!.sts. 
The firing line should be i.nspc::crc::d fre­
quent!~ :md repb.ced when nc::c:e:;;:;:J.ry". 

When me: number of c:J.p:i in :J. round
1:!-'Cceeds -iO to '50. the paCne::l :ie:'it:::i­

circuit i:i rt:c:ommend.c::~:In :1 p:u-.illd 
series circuit. che cps :u-e: diviged. into 
:t number of individwf. .sericl! E:l.ch 
:le:ies should co~r:Un the :.'=u.ne riumbc::r 
or' cips or the :;arne re:;i:it:J.Oce ro :lSSUre 
even C'..trrt:nt cij:irnbution. The lt:!g wirr!!i 
,,f the cp.s in och:lend :J.re connc:ctcd 
.:o.O$c:t."':.ll:lvr::!V.. :-ie:tt. cwo bus win:s. :J.S 

shown i.n rigurf: -1. :1n: pl£tced in· such :J. 
p0$ition th:!.r'~:"..tc:h end of c::1~ • . .sc:rit:::i. 
an bt: connc:aed :lS shown i.n the t1g-

......... - o~."t g:~.ge or noyier:m
m:ty be either bare or Insu-
!:lred. Wbc:re b::r.re wires :J.re
us~ ore m~"t be e.-cercised
to prevent e..'Ccessive current
lt::lk:Lge to the ground. lt i:i 
recommended rh:lt lru:ulared 
bus wires be used:md that: the
insulationbecuca\\<~.yatpoinr

of connc::ction with the:: bb.sr­
ing op series. To !lSSUre eqtllll 
ci.trrem di:itribur.ion co e:tchse­
rie5, one bus wire should be: 
ceversed:J.S shownint1gure 4. 
~th pni.il.lelseries circuic.s, 14 
~ge or he:1vierpge connt:ct-
ing wire is used to reduce the 
coccl circuit resisr.:lnce. 

The third cype of blasting 
circuit. iS !he stc:Iighr paclld 
circuit. The ·stc:Iig..i-u: parallel 
circuit is less de.sir:lble to ust: 
ch.::m the .serid otseries p:u':l.l­
.id ciicuir.s forrwo ~.!sons. Fm;t:. 
·irs n:1cur~ is sue.~· ch:u: ir c:mnor 
b~ checked. Broke:l leg wires 
or f::~.ulry conru::ctions o.nnoc 
be: d~t~crcd once the circuir 
h:ts been hooked U!J. Sc::cond. bec::ll.!.Sr.: 
th~ ·:lv:.tihbk current is divid::::d by the· 
numbt:!r of opsin me cifcuic:. powedinc: 
tiring must often be: usc:d co pro.vidc 
:tdequ:tre current tor brge par.lllel c!.r­
cuirs. The problr::n.s :l::iSOci!lted with 
powc::rllne firing ~·Ul be discU.Ssed b.ce:. 

P:.~r:Uld circuic:; .lt'e noc .:1ppropn::r.re 
tor sur:fuc~ bl:l.Sting but they ~e used co 
.some c::.:nerurorrunnd bl:tSc.ing. P::r.I".J.li~! 
ci.rcuics :.tr:e siin.i.l:lr to p:.l.I"'..tlld s~:ric::s c:::c­
~epc th:lc .ir'!.!;tod of c::-.1ch end of :t sc:ril:!$ 
ci!c1:1ir  be~g conneaed to :llterw.te bus 
wires. t!:tcll leg \\ire of och o.p i:i 
connected direcd.r to cl1.c bus wire:~. :l:i 
.showninllgure"i. rn undemrouod bl::r.::ics 
using p::l.cllel circ:-..tits. b~ bus wire is 
usu::illy strung o.n \\'OOdt:!n pegs .. d.rl~·en ·
inco the t':tce to :J.void grol:!Qding .• ~
wu:h. p::u-.illd serit:!:i Or"cuirs. the buswirt:s 
:.tre r~versc!d :l.S shown in tigure 4. 

In :.t p:to!ld cJ:rcuit the lad wire lt'if­
ing lin!!) representS th~ b.rgt::St rt::;i!i-
cnce in the: circuit Kc::::ping rhe loci 
wire! :lS shore :.lS oo:;sible. consi.ste."'lt. 
wich. ~:Lir::rv. i:i thd kev to tlring_l:tr.ge 
numbc~-.Cr" cps t\'Jr.h. p:~.r:J.llci C!.l"cuirs • 
Doubling the: lc::llyrh of the: lc:-.1d wire 
reduces the numbe:-or" ops th:lr on be 
tin:d by :1!mo.st h:Jlf. Ht:".lvy (12 ro l:-t 

Fig w-e 2. belay de!onaror. 

EXPLOSIVES FlECRUlT!NG 
SPECIALIST 

CONSlDEFllNG 
A JOB CHANGE? 

LOOKING FOR 
EMPI..OYMENT? 

SEEKING A QUAUFlED 
PERSON TO F1LL 

A VACANCY 
IN YOUR ORGANJZATJON? 

· 

Contact Don Hall, a mining e.ngineer 
and SEE' member, for a confioenrial 
listing ot your qualifications or posi­
tion oescnptiory. Let a professional 
assist you in your search. 

OF ALLENTOWN 

1.401 N. CEDAR CREST BL.VO. 

At..l£J'ITOWN. ?A 18104 

2ts--:l7·SS51 'pEf!SOr'INSl. 

Celebrating 25 ye.ars of 
cantin_uaus service. 



,! • ~due:: the re:;is­
'once..:\l+gage 
con.cecting 
wire,L:lth.erth.:m 
:~..lighter gage, .is 
recommended 
to reduce the 
circuir ·re·sis­
mnce. 

operated vigorously to the end of the stroke 
.because the current flows only at the end of the 

stroke. Because the Ct;Jndifjon of a generator 
blasting machine deteriorates with umeJ it is 

important that the machine be periodically checked 
with a rheostat designed tor that purpose. The 

directions for JestJng with a rheostat are .contained 
on the rheostat case or on the rheostat itself 

Oolyche very 
basics of circuic olculmioos :ll'e cov­
ered here. For more det:::!ll on circuit 
c::ll~ons or other of the m::toy inl:ri­
ocies of electric:tl bbsting rh~ re::tder 

should refer to :J. demi!ed electric bbst· 
ing h:mclbook such :r.s reference 2. fig­
ure 5 shom t:he re:sist:mce c::llcubtion.s 
for op circuirs forse:les, parn.llelseries, 

:md str:Ughr p::u::tllel· circ:uirs. 
The rt!Sistance of a series 

drcuic is the ~icst .co d.cu­
bre. first. the resi.st:lnct:: of :1. 

single op. :JS spedtled by the 
m::muf:Lcrure;, is multiplied by 
the numb~r of cps to decer­
cni.nc:: the rt!Si:;unce of ~c: c:tp 
circuit. To this is :J.dded the:: 
 resisunce of the COO!lt!cting 

wire :md rh:I.r o{ the tlring line: 
co detecrnin.t! the: re::sist:mc~ oi
thc·tot:J..l c~ic. Since i:he r~g
lint! concios rwo wires. there 
will be:: 2 fr oi wire for evc:ry 
foot oi firing Une. Whr:rc:: bus 
·wire is U$t!d (p:J.!':l!J.d or paol­
ldsc::r.ic::s.qrcuirs)the: resi:ir.:tnce 
or'onc::-b:llforche lc::ngthofthe: 
bus wire is addr:d ro 11nd the 
cool circuit resisr:mce. When 
tiring from :J. powerfute. r:ht! 
volt::lge of thr: line c;livided by 
rhe resisc.nte of the circuirwill 
give the c:um:nrrlow.ln:J.single 
:;er.ic::s circuic. :ill ot'thi:; t..-urrr::nt 
tlows through !!::lcp. op. The 
minimum re::commendd fir­
ing c:urn::nc pt:r cp is l.5 :unp 
de or 2.0 :unp :J.C. Th~ current 
ourpur of condenser (opaci­
cor) d..isch:lrge bl:J..Sting m::t­

chi:.nt:S Cn:J.Y v::u:y wir.h the cir­
cuit re:si.st:Lnce. burnotli.nt::":lrly. 
.'v[:l.L'lut~crurr:r"s speclllc:l.llons 
mu::;c be: .:onsulted to deter~­
~e the :unpcr:lgt: of :t spe­
cil1c: m::~.ch.int: :l.CT0$5 :1 given 
rr:siscnce. For ::1 gr::nr::r:l.tor 
b.b.:;ting m.:lchin.t:, the:: m:mu-

r.ht:;m.:tehinein 
term.S of the 
 .oumbc:rof o.p:; 
icon fLrc:'. 

The resis­
t:tnce clcu!Jl­
tion for:t par.U­
ldseric:s dn:utc 
is as followS. 
fi.rs~ the. resis­
t:mce of e:u:h 
op series is cal.­
cul:J.red as pre-
viously de­

sc::ribed. Remember. in ., good parnl.lel 
series circ:uir the re::;ismnce of.~c:h se· 
rir!S should be eqUlll. The rt!:iis!'m1~e of 
:J. sio.gl~· series is then diviQ.ed by the 
n~mbcr of series to flnd the resistance ·
of the op circuic. To this :tre :~.dded the 
resist:lilce of half the length of bus wire 
used. the resb't:lnce of the connecting 
wire. ::l.!ld the re::sist:l.Ilce of the ilring 
!.in~. to obtl.i.n the tot!ll circuic resi,s­
t:lilc:e. The loc::ttio.os of the bus wire. 
connecting win~ •. ::l.!ld firing Unr: ~e 
shown in tlgure -i. The current ilow !s 
dere::mint:d ei.th.er by dividing rhe 
powe:-lln~ voluge by the circuir resis­
t:mce or in the C:l.S~ of :l. COndeP..:ic::' 
di:;ch::tr,Je .IDllChinr:, · by checking ch.r: 
m:mui:lo:urers .specil}orions. The cur­
re:lr rlow is divided by the numbc::r of 
se:rie:s · co detennine the: c:urrenr rlow 
through e:tch.serlt:!.S. 

For Str:lighr p:.Lr:Lllel circuits. chi! resis~ 
t:J.nce or .thr: op circuit i.s r:qu::U [0 th~ 

resist:l.!lce or:t.singk c:tp divided by tl:le 
number of cps . .:\s c:m re:J.dily be seen. 
chis is usoolly :J. very s~ v:llue. For 20 
shorrleg wire o.ps. the resist:!.O.ce is less 
tl:mn 0.1 ohm. The resi.st:lnce of.. the 
connecting ·wire. the flri.ng !i.n.e, ~ 
onr: -h.:Ll.f the bus wire :u-e '::tcidt:d to tind 
the tet:1l re:;ist:ll"lce. The current rlow is 
·decerminc::d in rhe s:a.me m:mner:JS wlch 
:ierlt:::i :J.nd p:u-:illd .:H!.r.ies circuirs. the 
current tlow is dividt:d by rhe numbt:r 
oi op:; to de[ennine the cunene tlow 
through t!:tch c::ip. 

row:rn. SOURCES 
Ele.c:tnc bl.:l.sting.circuici on be:: en~:­

g:i:leci by.: gene::tor-cype bf.:L?tirig am­
t.:hind: c~ndenser-disch.:l.rge. bb.!."tin~ 
m.:~.c.hind, :J.nd po werlines. S tor:1.ge ::md 
c:i.r-v cdl b::~ne:ie.s :u-e dr:iilii:teiv nee rec­
o~ended for bl.::tsting ~usc: rhc:y 
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.. -----· -· .... I.U-•.5 w;.u;runes m::Ly-b
ofther:tck·bar(pushdown) orthe key
cwi.st type. The opacity of r:J.ck-ba
rn.:lChines eng~ from 30 ro 50 cps 
a;Singieserie$, while key-cwistm::tchioes
will not'IImlly initi.acr: 10 or 20 ops in 
single series. Thr! :tau::U current puc-out
byth.ese machint!S depends on the con­
dition of the m:tchine and the effort
e:ren:ed by the shocrirer. When using !l
r:tclc-b:ir machine, the retmin:lls should
be on the oppo.sire side of th~ xmc,hine 
 from the opeccor. Both the r:tck-b:tr 
::md twist m:lchinc:s should b.:r oper:ucd 
vigorowly co the end of the stroke 
bec::tuse the c:u.rrenc tlo..,.·.s only :tt the 
end of the scroke. Beouse the condi­
tion of a gener.l.l:or bb.:;ting m::Lch.ine 
decerior:ues with time. it is imooft.:lnr 
th::tr · the: machine be perio.dic:Llly 
checked with a- rht:!osor dtsig.r:1~ for 
chat purpose. The direct:lon.s for testiilg 
'With ;t chc:ost:J.t :u-e concined 'on tho:: 
rheosr;a.c ClSe or on the r.hc:o:;oc i::seLt: 
• .IJ.though the geno::::Lro!' m:.tc.hine h::.s 
b~n ::1. dt::pen~ble bl:l:;ung tool. ics 
limired o.puciry :md Vlri:Lbie output 
b.:lVe c:u.lsc:d it tO b.:! re?!:lc~::ci. for most 
lpplic::tci.ons, byth-c conde:l:Sc:rl_t;~.p:.u:i­
tor) disdorge trocb.ine. 

As the n:une implies. the opadcor 
cili;ch.:u-g-;:- (CD) m:lciWr:! -.:mpioy-.s dry 
c:::ll bacre::ies to c!urge :1 .:idt:!s -;:;r c:t­
paC:cor.s. The energy .store::! in the o­
pacitor: is then ciisch:ug-:d inc9 the bb.sr­
ing ci.rc'o~ic. CD m:lch.inr:!.s :J.Ic av:J.il:tbie 
in :J. '1-":J.riety or dc:sign:; :md ..::tpaciClc!:i, 
with some c:J.Qable of r'4ing o"·cr 1.000 
op.s in :1 par:illd series circuic. 

All CD rroclllnes opr:r:ltl:! in b:J.Sic::illy 
rhe same m:l.!lner~ One button or ~.-witch 
is ao;i.,";lted to c:harge the opacitors=ind 
::t.:lecond bun:on or:.......,,cch is :lcOV:J.ted to 
ri.re the blast. An inciio.tor light or.di:ll 
inciioces when thr! op:~.dcor_h; .::h:lrged 
t6 its ored opacic;;. Idc-.Illy. the ovr:!r::lll 

conditions oi :t CD blasung tmch.Lnt: 
.should.~ cht!Ckeci 't1. i.th~ csqllosco~ 
However, the curre!1c:ourpt.\.~ c:m be· 
checked by u.:;ing :t.:ipeci:illy Q.e::;igned 
setup combining :J. rheo.scr md. :l n::si.s­
tor'(l) or by using a opadcordischuge 
chr!Cki.ngrn::l:chinc\.3). The powde:-sup­
pl.ier shoutd be .::OL".:iulced :tS to the 
av:Ubbiliry oi m:lChint:!i for -rh=cklng 
opacicor dhichz-ge m:J,¢h.me.s·., 

A sequenti:ll bl:l.:itmg m:1chine i.::i :.1 

circ:ui.ts with a preselected time interval
between tile iri'diviciual circuits. when

· used in· conjunaion with. .milli.:iec:ond
ciel:l.y elecrric blasting c.ps, thesequen-:­
·ti::tl machine provides :t. very!.:J.rge n!Jm• 
ber,ef sep~e dcl:ly int~ (1) •. This 
cn be useful in ~proving f.r:lgmenc­
tion :r.nd in conrrolling ground vibr:l.­
i:ions :mdcirbl:lsr. Because bb!.'t pacrem 
design and hookup on be quite com­
ple:t, me sequerui:U b~ting machine 

pe::sons or unci=r ¢e guidance- of a 
consu1unt or :1. powder company rep.. 
re:;em:u:ive. i... poorly p!.:Lnned sequen­
ti:ll timlng pnc:rem will result in poor 
fr.lgment:ttion and e.:tcessive overbrc:~.k. 
flyrock, ground vibr:u.ions, ::U,d noise. 

The third :Utemative for e..'lerg:izing 
electric bbsting circuirs is the powerline. 
Powerline bbsting l:i often done with. 
par:ille1 circuits wnere the opacity of 
av::ill:ilile blasting ma.cliint!S is in:ld-. 
equare. When firing off a powerllne, 

EXPLOSIVE 
RESULTS 
Nok:l Software -continues to revolutionize the 
way blasting .::nginc~rs do rheir _Jobs wirh :1. new, 
enhanced vcciion ofB!:lStC.:llc • In rhe mining. 
consLrUction, foresrry :l!ld c::tp!o~ive m:mufuc. 
ruring ~d s:l.les indusoies. B l:JStC.:tlc-:-M 3.0 is 
l!Chieving e:tplosive results. 

B lo,stC:llc'''.!<-,3.0 is a powerful. ccmpr::hc:nsive 
sofrw:u-c pacbge that :illows you to inve?rlgme 
c:vc:ry possible _variable !).!fore you blJSt OIJld co 
cost the job down _to the !:J.St peMy. Over S5 
conversion and c:tlcul:ltion screens covr:r .::v_ery­
thing froi:n :unpc:re:> co detom.uion velocities. 

Using inr;:r.~ctiYe c::~lcul::ui.ng scre::n.s. you c:m 
c::t:uninc.t.:st :;c::n:J.rio.s. using diffen:m c:.:tp losive 
products, loading :i.nd priming m~thods. rock 
types, borehol~ timing delays :md pllttl:ms. to 
minimize costs. 

'Bl:!StC:l!c:TM :i.D conr.tins more th:m 1.100 
dc:tinitions of e.:tplosivc. b!:lSting, mining :md 
<>eologic::~! terms that c:m b-: :~cc::sscd wirh rhc: 
touch of!l.k.~v. And Bl:lStC:J.!cThl 3.0 lets vou 
uncover rrc:nds in ·pcn'orm:l!lc: :md cosc fas~r 
:md more c:fficic:ndy r.h:l!l r:vc:r bc:iore. 

.For :1 price or' 5850.00 for the lJJtcm:ltion:ll 
version or 5750.00 for the: Imperial. or Metric 
versions, Bla:;tC:UcTM 3.0 c::m writ your ffitft 
comp:xt:lb!c computer into :t tool th:u: helps you 
m:W.miz::: pronrs. A dr:mo dis'k is ;millnblc on 
request. C:lll or m:Ul the coupon ro&y! 

Nok:l.SoftW:tn:Syste~ inc; • 
ll9 Johnston .Road 

1 Nor$ Bay, Om:ario •. C:mad.:l Pl.B 8_G
 T.EL: (705) -195- i366 



the Une .:;hould be ro 
:llone, should cont::J.in :1i:. le:.LSt' !J.. 15-l! 
lightning g:tp, :md .shoula bt: ~u:1lly ·
checked ford.:J.ma:ge ilnd for resist:!l..Oce 
on :1 regul::tr basis. Powerline shooting 
.:Should not be done unkss pn:ouuons 
:~.re ·C::J..k<:n to prevent :~.rcing .• vcing en 
result in crc.tic: timing, .:1. h!l.ngt'i.rc:. or :1 

rni.sl'1re. 
.-\rc:ing in :1 c:l.p rt:Sulcs from e."!:cc;ssivc::: 

h.c::1r buildup, which is ou.Sed by coo 
much current :1pplic::d for coo long !1. 

period of tim~. ~-i.. current: of 10 ::unp or 
more: continuously :1ppli(;!d for :t .sc:c­
ondormore: c:mouse:1rcing. To gll:.lrd 
:tg:Un:;t :J.rcing d:le·bl::l:;tcr 1:l'l!ly dthc:r w.c: 
:l .. b!:J.Sc.ing ,:;wicch. in conjunction w.ith 
the:: powerllnr! or .:1.dd :l No. l. pt:riQd 
mil.J..i:;r:cond del:ty o.p. pl.::tced in :J. qU!l.!'­
ter sock of t!."tplo.sive, to me: circuit :md 

r.;uunc:cun.g WJ.res lodl.ng to rh~ cp 
circuir. .J,.n. t:ven becrc::r solution, if 
possible. is to use :l high--output o.­
pacitort.:!isch:lrge tml.Chine to fJ.re the 
shoe. using :L par.llld seri(;!.S circuit if 
nc:ce:ss:uy. 

cm.curr T.ESIING 

It is impocr::mr to cht:!ck the re.si::;:.. 

Qnce of the b!.::tsting circuit tO trui.ke 
sure tb.:Lt there are· no broken wires· 
or short cifcuics :and ~t the resis-
o.nce of the circuir is compar.ible 
wilb the:: opacity of che power 
source. There :Lre CWO types orbl:l:lt• 
ing circuit tt!S~t!IS; .:a bl:lSting g:.llv:t-
nomc::ter(:l.CtU.:ll.l.yan ohmmc::ter):l:Dd 
!1. blasting multimeter: The bbtsting 
g-:llv:momerer is u.sed only ro check 
the: circuicresi!>r:mce, whc::.te:!S ab!:Lst-
ing multimecerc:m be used to chc:ck
resist=mce. ::1c :md de vologe, st:r.Jy 
currenrs. :uld current le-.J.k:J.gc (l). 
Onty ::t mc::ter :spc::citk::illy de.:;igned 
for bl:J.Sting should be u.sd to check 
h!:J.Sting circuits. The:: output of .such 
m~rers is limited to 0.05 :Lmp. which 
will noc deromre :m dectric.bl2srin.g 
o.p. by the. use· of :1 silver chloride 
baac:ry :mci!S>r intc::ro;.U currc:nc-lim­
iti.ng circuicry. 

Oth~::requipmc::nrsuch:JS:l'"!hrow­
:l.W::ty-' go-no go device:: for testing 
c:.rcuir.s :tnd ::J. continuous 2round 
current monitor is :J:V::til:l.blc:.The e:c· 
.plos1ve: supplier should be: consulted 
to dr::tc:rmine wh::Lr specilic: dc:ccric::tl 
bl::!..sting :lcce.ssory equipmc=nr is 
:tv:iili..ble :.md y.rh:l.t equipmc::nt is 
·nec:ded for::Lgivenjob. 

·"It is gen~a!ly recommended time 
e:Lch. t:emponc::nr of the drc:uic be 
checked :J.$ hookup progresses •• .V­
te.r t!!l.ch componeru is tested, ic 
should be shunced. ,E:.tch·cp should 
be ..:hc:ckc:d :lil:~r the hoic: h:1s been 
lo::~ded :md before stemming. In this 
way, !1. new primC'!r on be i.n!ien:ed if 

:1 broken !c::g wire is detected;, A cor.::tl 
dc::rlection o/ the. cirq..Lir tescer nc:edlC'! 
(no resist:mcr;!) indioces :~.shore circuir. 
Zero dcilc::c:tion or rhr::: needle Ontinice 
re:siscncd indioces ::t brokr:::n ...,ire. Ei­
cher condiuon ...,ill prevent :.t bl:LSting 
op. :l!ld p0$.Sibly me wn9!e' drcuic. 
from ti.ring. 

Br::ion:: t~ting the bl:l.Sting circuit. ics 
resi:icnce .should be o.lcubcr::d. .¥tr:::.r 



resLSt:mce of the circuir iS 
che--...ked :,.nq comp.ared 
~ith the o.lc:ulared -value. 
A zero .deflection :tt rhis 
ti.rri~ io.diores :1 broken 
wire or a missed connec­
tion and :tn e:tcessive de­
.Election indiores :t .short 
circ:uil:betwe:!n r:wo wires. 

u ,r:;; two w1res at end of line ar? 
shunted ·and the other end is checked.

.with a blasting meter. A· large 
deffecuon. indicates that the tiring line is 
not broken; a zero deflection indicate's 

a broken wire . 
After the circuit resis-

t::Lnce h:ls been checked and compared,
the connecting ~ire is then added ;tnd
me circuit is checked ag:tin. If a p'ar:allel 
se!les c:ircuic is used, me change in
resist:lnce should be ch~cked e:~.ch 
series is added co me 

:JS 

bus wire. In :l 
str.l.ight pa.ml.lel circuir, a breuc in rhe 
bus .wire c:m sometimes be detected. 

·However.- a broken or .:1. • .shon:ed op 
wire o.nnor be detected in :J. str.llghr 
panl.lel circuir bec:::tuse 11: will nor !lifecr 
r:h.e resist:lrlce signific:mdy. 

A fin:2l check of the ci.rcuic i.s m:1de :tc
the shocfJier's !cation after rhe flring 
line !w bet:n conne:red. If a problem is 
found in a completed circuit, the circuit 
should be broke:r up into .separ::lte parrs 
and checked to isol.::i.te the problem. 
The tiring line should be checked for a 
bre:.tk ot:z.slJ.ort::tfre: e:tchb!::J.sr,.or::tr the 
end of och shil.i:. as :z. minimum. . 

To checkfora bre:udn the tiring line. 
·the:: cwo wires ar c:ine end of the line :tre 
.shunted :J.Od the och¢r end i::; checked 

l:lrge deilectionindic::tre:; 
th::l.r the f!.rlng ~e is not 
brokeri; ~ zero dcllc:c­
tioq. indi~ a broken 
wire. To cesr for a short. 
the wires :u: one end of 
the le:ld line ~e sepa­
r.~.red :md the ocher end 
is checked wir.h rhe 
meter.-~ zero dell(::ction 
should result If there is a 

det1ection: che le.:J.d line h:ts :1 shorr 
circuit. Embarr:lSSing, b=Lllrdous, 3.nd 
costly m.i.st1res on be :tvoided through 
proper use of the blasting galvanom­
eter or bb.sting mulr.i.merer. 

Cerul.in conditions .:;uc:.h. :lS cb.m.:lged 
.insub.tion, c:b.mp ground, a conductive 
ore body, w.rrer in ::1. b~reho!e, bare
wires rouc:h4J,g the ground. orbulksluny_
in r:h.e borehole m:1y ouse c:il.rrenr ro 
le::tk from :1. c:h::trgc::d circuit Alrhough 
this is nor :l common occ:urrence, you 
rn:~.y v.":l.n! to chc:ck for it if you :lre 
expdencing unexpLained mistlres .. To 
prop~rly check for current le:l!oge you 
.should chec.~ with :J. consuit:~.nr or :m 
decrric bb.:iting ~ndbook (l). :Vle:t­
sure.:; fo.r combating currem le::J.k.:tge 
indude u:;ing fewer ops per circuit. 
using ht:"-LYic:r g:rge le..J.d iint:s .:md con­
necting wir~. keeping bur:e wire con­
neciions iromtouching me ground. or 
wing ::J. noneicc~c initi::ttion .)-ysre:n. 

EXTR.~'l'EOUS EI.:ECT:RrOTY 
The princip-...1! l:i:lZ:lrd.:l.$$Od:ttc::d with 

dc::c."Uic bl:J.Sting !l-ysrem.:; i.s llghmi.ng . 
E:crnneous dc:ctriciry in the form of 
:;roy currerus. :;otic electricity, :md r:l­
dio-fr~qut::ncy energy. ~d from .hig:h­
voh::J.ge powerlin~ on ::L!so be :1. l.uz­
:u-d. Et!.ctric bl;lsting cps .should nor be 
uSed in the: presence or .:>tr:J.ycurrencs or 
0.05 :.tmp or more. Str:ty c."urre.nrs usu­
:J.lly ~orne trom he::tvy equipmc:nr ~r 
power ;~-yste.m.:s in· the :Ue:J.. :J.Od arc: 
oit:~n c:uric::d by mc:c:rl con:ductors or 
high-vologe powerlines . .:Ui:J.s (1) our­
lines redm.ique.:; for checking for .:;tr.Ly 
cum::ncs. rr...mum~nrs l:mve recendy 
b~:n dc:veiopc:d which continuously 
~onitor 3'f0Und curre.ncs :l!ld .sound :m 
:tbr;n when .:m ~"CC:!SS c .. me.nt is de· 
. tected. Tbc: .:;upplic:r siiouid be :;on­
;;ulted :lS co che :.l.Y:J.il:.l.billcy of these 
un.ics • 

Figure .5. C;Ucul&mon i.Jj'..:::Ip 17!SJ.srarice r.:m;mzs. 



pneum:ltic: lo:.tding: p-.trtidr:; c.::mic:d by 
high winds, partic:ubr!y in :t dry atrllo­
sphere, :tnd. br rubbing of :1. pc;r.son:s 
dochei. :'vlost decaic bb.sr.ing cps :z.re 
:it:J.tic re.sist:mJ:. WP,en pnc:um:u:ic:illy 
!o"J.ding bb.sting :tgems .,.ith pri:!SSure 
pots or ve!l(Uri loaders r =l- semi-cond.uc­
tive loading hose muse be used. a pl:l.S­
tic borehole liner should nqc be used. 
and the loading vessd should be 
grounded. 

Electric:ll. storm; m-e :1 h.:lz:J.rd reg-J.rd­
less of the rype of initi:ltion· system 
being used. Even undergTound mim:s 
:ue susceptible to llghcning h:lz:lrd.s. 
Upon: the :l.pproac:h of :m electriol 
storm, loading oper.:uions mU!)C ce-...I.$e 
md :ill personnel must re~e-.lc m a s:.J.fe 
looti.on. The powder m.:muf::tcrurer 
should be consulted on the :.tV:J.ibbiliry 
of commc:rcial.srorm w:urung devices. 
Some.ope.r:uo~ use sotic on :m .-Lvl 
odio ::l!i :1 crude derecror oi :.tppro:.tc:.i-J­
ing .storms.· W~..tther n::?Oru :1n: :.dso 
helpful. 

Bro:idosting staU0!1$. mobile r:td.io 
tr"lWrnirters, :md od:u iruc:J.il:J.tibn.::; 
prr:senr the h:lz:lrd or' r-J.dio-•i-equ.::nc; 
c::::1ergy. The Il\IE (5) h:.l.s pn=?:.tred r.:h:ms 
giving o::m.smission spc:cilic:.u:ioru; :.tnd 
porenci:illy ~rdous di.:;t::mct:::i. 

High-volDgc: pow~riin:::::; prc::icnt ch~ 
h:u:l.rds or' 1.:1pacirive :.z.nd i.ndUt .. 'i.lVc cou-

:-·--.5• ~w-: .,.._._.._.,~ ..... u.u 1-UUU.UCUOQ Ot 

lightning . 
• o\tl:ls ( dccil.s pri:!CI.!J.tioru; ro. be

ok~n whc::n b!:tScing m::.tr high-volt:lg~
 powerlinc:>. -~ specilk .h:.tz:J.rd tvitl!.
powerllncs is ch~ ciangt!r of throwing
part of ch~ blasting ~·ire onto the:: 

· powerlinc::. Th.if.shons thc:: powerlinc:: to
the: ground :md h:J.s br:cn responsible
for seveol de:J.rhs. C:lre should be e..~er·
cised in .b. ying ouc the circuit so th:u: rhc:: 
wires onnqcbc thrown onu powerlinc. 
Other ::llrem:J.tives :.1re ro weigh down
the wires so thc:y c.:1r'mor bc:: thrm:vn or
!lrt:lch :1: ch:.trge th!lr cuts the bb.sting 
wire. 

ADDIDONAL 

CONSIDERATIONS 

Electric blasting is :rsafe. depencbblt: 
system .. ..-hen used propcriy under ti-l~ 
propc:r conditions. Adv::tncgc::s of the 
svst~m :.tre ics r~on:.ibiv :~.ccur::lte de-
l~ys. e:J.Se of C:..rcuic·res~g. control ·or 
bl:l.St inici:ttion tim~.:1nd l:lc:k oi :~.irbl:l.$r 
or disruptive c::.rfecr on t:h~ c:Iplo:;ive 
cil::~.rgc::. r.n. :J.ciciition m e:ru:mc::ous dec­
tric:iry, one should g•.r:J.rd ::tg""..l.inst kinks 
in the Op leg wires. w·hich C;tO CJ.use 

 
brokc:n wires. c:spc::chily in dec::p hole:::~ 
Diffc::re:nc br.mds of ops m<J.y v:uy in 
dt:ctric propc::tic::s. so only one: bond 
pc::r bl::t!:ii: shouid bt:: •..1Sc::d. It is rc::c:om-. 

mr:ndt:d th:J.tthr! bl:.l.stc:ro.n;rthe kc:yor 
h:mdl~ to the po~·e: source on hi:; or 
hc:r pc;r::;on so the shoe t..':mnot be in:.1d· 
ve:t:cndy fired whiic: he or she: is c:hc:ck­
ing our ch.c shoe. 

A dc:vice C'..lllcd ::m e.!eploding bridge 
'9-{lre i.:; :tv:tihble for t!.::ic v.·he!e :J. ;;ingfe 
c:i.p i.s' usc:d ro iniwre :1 non-dt::ctric 
circuir. Thls device h:J.$ the $:liety ::~.d­
v:J.ni.:J.ges of :t be..!:: oi primary e.tplosil:e 
in t:he o.p :md ::1 high volt::~.ge required 
for f.uing.- -~ speci:.tl tiring bo:c is re-. 
quired for the .:.ysrem. The high power 
rc::quired.:md high·cosr of the :::cploC!ing 
~ridge. wire devic:e make it unsuit:.tble 
for we in multi~":lp circuits. 

DETONATING. 
CORD mrr.IA.TION 

Detonating cord initi:J.tion .has been 
us~d.form.:myy~:u:.; :J.S :m:llte.m::ttive co· 
dectric blasting V·.rhe!'e me Ope;;::uor pre-
 ft::r.s nor :o h:.J.ve !l.!l ::!ectric initi:J.ror in 
the b!:l.Sth.ole. Deron:J.ting cord consists 
of :1 core of high cxpio$ive. usu:J.ily 
P£1?-i, cont:lined in :l w:.rc:prooi pi:l.S-
tic :;he:uh c::::tdo.:;ed in :l rei.niorcing cov­
c:ring of v":J.rious combinar.ion:; or' cc:c­
riJc:, pl:lscic:. ;tnd ?.~:J.ccrproor"ing.: 
Deron:1ring t:ord is :l>":J.ibb!c with PET':'i 
core loaciin:g:s r:ingi.ng rrom·l ro -iOO gr, 
ft.' 

.:\!1 cord:; <..":ln be ci~~on:J.ted ':Y"ith :.1. 

bl:l.!itir:lg c::.ip :.tnd have: :.1 d~:~O.t" .. :.ulon ve­
lociryor :1pprox.im:lrely 21.000 ips. Deto­
n:.ttiug cord i.s ac:b.pt::~.blc: to mo:;c .:;urr::tc~ 
bl:l!;ting :iitu:.ttioq.:;. Whr:n used i.n:1 ••:e~ 
en vironmc::nr chc :::..'leis yi the :.:ordshould 
be: protected from w:ltt!r. · PE'Di will 
:;lowly· ab:;orb w::~.rer:mci ;u; :.1. resulc will 
bc::comc: inst:!nsitive co inir.i:.ttion by :1 

bl:l:lting qP.. Eve:J. whc:n wet:. however. 
deron:rting cord will propag:J.te if iniri­
:J.tc:d on :.1. dry end .. L"nde:st::~.nding the 
iunc:tion or !.l detonating cord initi:J.cion 
.-syste:n requirc:s :1. knowic:dgc: of the: 
producl:Sav:J.ib.blt!. The .r.nsign-Bickiord 
Co. h:J.S publishc:d :.1. m.:mu:ll (4) t:h:lc 
dt!.Scribt:S deton:Ltmg cord producr.s in 
deoil. T c::chniol ci:J.o :;h~::~ :ue :.z.v:J.il· 
 :.1ble ri-om Austin· Powder C.:>. .:.md 
Apache: Powder Co: 

.D.E'TONATING· 

CORD PRODUC!S 

The: must c:o~onstrr::ngcns of dc:•o­
n.:.u:ing .:ord :lrc:: trom 25 !0 o0 gr, ft. 
Tht::$C: ,:;cn:ngrhs :J.rt: u:;ed ior 

rS.:r: Back ~o Bas1a. page 52> · 
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direcr itself out of ¢.c m::r.cbinc. 
An o~ve-n::cdves th~ 
c.nridges upon th~::il:-e.:cir. 
V.T.I.ps thetn.ih paper. and 
closes the ~oe.-memitf~. 
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find ~f.lltilfiillvreorese.mer:i · · 
th~rem:io.~!-ict~~lm:m~~::. 
r:ure of t:hiS.mv:srerious .air:ro-
glycerine-~::"':. .'.·: ·. 

Thc..b.uge-cylindi:r(wbic:b; 8-
ofle::Lc:D-tba.ry.ousee.io-our .f:Lr.St 

· • .fi~-~ the: ren-ibie- -~ ~. . 
:- mi.~e:of ~c:-:l.Odsulp~u:~· . -2 
_ :l.~ds-~~~~~t::rt:hc.:, .: .•.. _ 
 ;:.chemi~n i:i£ wl:itCU.::~::.. . __ ;. 
~ formS:·~~er.ii:it::: Tfl;;;~y.:.···' 
·of pipes:~~d ::u: th<!·cy!in-
de:r, orempric!il~ve; :lC.t:hl: 

cop,.-ar:.tht;pD.!!S tfmlod' e::Lc.h. 

 ofth~coTt:!::O!=S·to d:J.~ 

i.nl:erior of the :tOD::t.r:lCUS, or th::lr 
conduct the ~~r designed to. cool 
tbc: mi·tc.m: rn order to· prc: ... ·enc 
c:."Cplosiocs due to ill-timed ~lev:t-

. dons of die temper:r.nu-e.ln Fig. 1, a
worlan:r.n is pl:tcidly collecting the 
ollyaod." explosive liquid, a gi:issfui 
ofwhicli would .suffice. to blow him·:.
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. rumNOT.E:Thi.s :u;ti~':ioom:i:::
:t ~e. .mtlnu:6Cturing_ 
-:p1.::ln::m1S.9S, ::Uso refers to-the
Sc.. Goth:lrd: Il.1UlJ.d. job- ofi:b.e:. 
1~79~:- ~wril::r lm.p~~ ~~
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~c::lOJig-~lc:- lJ!nc.k ~W'· 
cfe::c:'..f?tiCil:·woWd.b:.:tv.e t.:lkc::n 

m:w.y. more.ye::u:-s.~d would 

ce:n:W:Lly .b:x.ve b¢:n much 
more cos~:frOm. botb. the 
mone~ :u:ld :tccidt::at' 
sc.ndpoinrs. It's O!>'Y for 

. ·. those pfus who .b:tvc:m::ver 
k.o.own the·~·wor.ld 

., :Wicq~~}:.i:~ P=:RU::ives !£) 
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trunklin~. which conn~ct m~ individu:J.! bl:l::itholes 
into p:ute:n. :Lnd tor downl.i.nr:s. which r.r::msmic me:. 
energy from ch~ crunk.li.t:lc to the: prime::- c:lruidgc:. 
The lower :screqgth cords :uc: choper. but some: 
b:lve less ten.sile;,scrc:npt:h :.1.nd m:1y be somewh:lt 
less depc:ncb..bl~:·und<:r h:lrsh ti.c:!d conditions. 
.5omc: Cl.St prim~rs :ut:.:,nQc d~pc:nc:bb!y in.iti:ued by 
25-gr cord or ligb.rer c~rd.. Howc:vcr: under norm:i.l 
conditions. the: !ighrcr core lo~d.s oifer t!c:onomy 
:.md chc:ir gre-.1tc:r rlc:.:cibiliry tn:lkes tic:!d procedure:; 
such :J.S pnmc:.:.prc:?:J.r.J.tion :lnd knee tying c::"..!iic:r. 
Dc:rore:.u.n~ cord .:;crengd:J.:) r.Ji 100 ro 100 grt ft :.u-c: 
occ::l::iion:.Uiv U$t:d wh~rc: ~.:oncinuo~ .:olum.n 
irumoon of :1 bi:J.Stmg ~gc:m is dc:.:ared. CordS wu:h 
200 to -!00 gr ar PET::'{ pc:r fooc :lT1: OCc::J:;IOn:J.Ily 

u.:;ed :lS ::1 :;ubstiruce for c:::cpJo.:;ive ortridges l.n ve..-y 
:it!ruitive or sm::1ll, controlled bl:l::iting job.s. 

REF:ERE!."'fCES 
L •• -I.!JaS Fowae: Co. tD:llb.:i. T.Xl. H:lnubook oi Elel-:nr: Sb.:iung. 

Rt:-r. i 976. 93 cp. 
• ::!... C!"UIDrus.' :-I.P •• )lew BI:J.$tmg .vi:lciune Pc:muts C.JStem 
!'rogr:unmc:o B~r P::ta:c:rru. C.:J:u ;l.gc:. v. -:-9, :-lo.,.5 •• \!:1r1:n tc.r-;:-~ pp. 
~CH!2. . 

,;. E.! DuPont de: Ne:mour:;:!,:. C.)Q. Inc. \·WUaungton. DEl 
8!:J.$tei-s H:tilt.!book. 16th eeL !9';'8, -t'il'T pp. 

-t. E.'U1gn Bic!.:rord Cu. I Sif!ll>Oury. c.:Tl. Pnm:~corc! D~:tOn:l~~ 
C:::>ro. ~tn pnnung, ..:opyn~:~ht"l90:i.IJd pp. · . 

; ln:.ucuu: lli ,\oi:.IKC:r:l or .E::piO.SrYQ :i:Jtc:tv ub~, W:.~.:.ntngton. 
DC.:i :i:uc:tv VIJitlr: ror tnc: !'rc:vc::tuon ui R:taio Frc:quc:m.·:· R::oi:tur.m 
H::tz::ro:; .n tnc: lioc: oi .El::t:t.nr: SI:J.:,ung·C....p:o.. Puc • .'·<o • .!!.l. Oc:ooc:r 
i971:l • .!0 pp. 



· BA.CK TO.BASICS: 
BIASTHOLE LOADIN"G 

,by 
llicfulrd A. Dick 

. Den.nis V. D'.Andn.-a 
i.;trry. lt. l~lC:ICht:r . 

U;S. 13ure-:.tu of Mine.::; 

.Bl:J.sthul~ Iuudi:f!g involv~:s pl:.tdng ~dl 
of rh~ n~cc:ssury lngrc:-dic.:ms imo tht: 
bl;.t::;dlol~, illcluding the: m~tin ~:xplosiw 
ch:ugt:, dc:c.:kr.:h~J.rgc:.s, inill:ttkm systt.:ms, 
primc.:rs, :.tnt.fstc.:nuuiilg.Bb:.tl iuh: !tJ:.u.l­
ing Lt=dmit JUc:s v-.uy th:pt:nding on bort.:­
hulr: tli:.tm~tt:r, type: or ~xplli:>ivt.:, ~mJ 
sizt: ur the. bl:t.'it. Fur tilt.: l )LII'( )lJ:>C or tl iis 
LihK'Lll:i:iiun, bmr.:hult.:.:-i ll~t\'L' hwn ~~i~bi· 
tr:.u·ily r.:l:lssi!1C:t.l :ts ~m~t!l c.!i~mll.:lt.:r t>-i 
in.) !tnd l:uw:: Jbmc.:tc.:r ( <·1 inJ. :im~tll­
c.li:.ttlh:lt.:r btJrr.:htJ!r.:s m~ty hL' dJ'i.lk:J :tt 
pr:.tl'LiL'~illy ~tny indin:ttion rrum V~l'li­
L";t!ly down Lo \'cnk:.~lly llp.l.:u:gc-Llim:n­
!.!lt.:r bbsthoh:s :m:.LI.iiu~Jly drill~t.l vc.:ni- ·
L";tl!y down, b~1t in.:-.um~.· c:.ts~o·.:-.:tr~:;u1gh:tl 
or hurizont~tl. 

A-> :1 ~rx.:c:illt.• prl:t.':.u.tlion, bh ... Lhllk::. 
shu'ult.l n~:wr l'>t: k;:tt.h.:d c.ILuing tl11.: :tp­
pm:tt.:h ur l'l'l~gn.::.. ... tl!' ~IIi ~h.. 'I. 'lril.-:.tl .:-.lun 11. 
G...-n~:r:.tl dt:!-i!.:Ii(lliun~" ;f ll!:t.:-.tl~t Jh.: hHJing 
pro.:l.:'dun.oo:; :m: in thL" litt.·t:tllut.· r .2-?J. 

C.H.ECKlNG THE lll..A.STlLOl.E 

lkfun.: lo:tdingbL"gitl:.,tlt~·!Jb:.Lliuk":'> 
shmikl ht: r.:hc:~kr.:d. lkpcnJing LJI1 til-: 
dc:signc:dtlt:plh, c.:i!hc.:r:t wc:iglur.:d t~lpt: 

. m~;~surc or :.t t:.tmping !)LJ!t.• should b..­
usc:d LU t.:bc:d~ tl~:ll Lht: llllt\:holc.:.s :m: :11 

the pmp~r c.Jc.:rth. lf :1 hul't: is <.b:pr.:r 
tll!tn thL.' pbn t':.lll:. fur, drill L'llllil1g.s tJI' 

othc.:r stc.:mmil'lg m:(Ll.:'ri:ll :-.ltr. Jt.tklll..: ~1.:-.t.·c.l 
t-u bring the: bun~n\,~fthl.l;<.Jlc: up ~u thr.: 
prop..:r kvd. Lt1~1ding ~.!nJ t:Xt..:s.->ivdy 
t.h:c:p bb . ._tlmlc i:; !t ~v:i:.L~j 1f r.:x.plw;in: 
:mu u:>w:.~lly im:rt::.t.'ll.":'i l-lrmmd \'ibr:.tth.ms. 
Bort:hLllc:s th:.~L:u·r.: h:.ss th:tn the: pl:.lnnr.:u 
t.h:ptl~ should r.:itllt:l' bt: d&.::trt.·t.l <Jllt with 
t[.}l.." Ul'illllr. (.'Utllfll't.::i:il.'t.l :til", tll' l't:drilh:(.l. 
!'ium.:t-im~.:s t:I..:~JOt)lllil.-:; or ~:~!UiJ'ml.:tlt 

lilnitatil'li'IS m~ty dil'L:ur.: lll:tt ~~ :.llut b!-= 
llrr.:d with :• !'t.·w .:-.llo11 htJlc.•:i. '11tr.: bb.:-.t· 
ing lilJ'i.'llt~m.:-.ll< llJid 1 tt:tk .. ·tlli.:-. d~.·~.·i:-.h Jll. 

o .. ·~.:t.'iiun:dlr :tl);l.ll't:ht lir.: m:tr (l\.'l.'lll-111.' 

uh»l!'Lit.'t .. ·d. 0;1 :1 Mln11}" L.!:ty, :t mirror 

m:.ty be: usc.:c.l LO ~hr.:t:k l'ot· obstructions . 
Ob::;truction.s In sa1:.11l holc:s m.a y som~­
thnc:::; br.: dislot.lgr.:tl with :1 mmping pole::. 
ln brgc:,'venidl hult:.St:L hc:-• .lVy wdglu

. stt.-.pcntk:tl on :1 mpt.: ~tnc.l dmj)pr.:tl re­
pr.:~ILt:c.ll)' on Lht: ubtiuuc:Liun m~y dr.:-..tr 
ih.t: h\..lk.lt m:~y bt: ru:cc:s:.:try to u::.c:: tht: 
drill :.tring iu dr.:ar;t dinlc:ull Dl >~trur.:tiun
ur, iJ' Llir.: ub:.Lt'U<.:liun L";tnndL! lt.: c.:lr.:~u;r.:d, 
rc:c.lrilling m~ty be: nt.:r.:c:::is:.uy. 
. lf it Lo.; tiL'C.:t.:::i.'i:uy LO. rt:drill :.t hole: 
:tdj~t~r.:n! LU~ bluL'kt:d l1u.lr.:, tlh: blod\.t.:c.l 
hulc.: shuukl br.: filh:cJ with .:itt.:mming. lf 
this is not don~:, thr.: nr.:\\~ ht)l~ may 
:-;hoot into Lhr.: blockt:u holt: :l!'lc.l vent, 
c::~using c.:x~cs.:;ivt: 11yroc:k, :tirb!:.t.st, :.~ncl 
pm lt' ft:tgult:nt:llil>fl.• A hole: llll.l:iL nm bt:' 
rt.·dri!IL"~ \vhc.:n: tl1r.:rc.: Lo.; :1 c.bng(,.'r pf
im~:r:.c:t:ting :1 lu:.tt.lt:cJ h"k. 

WI til.~: t:ht:t:king Lilt: htJh.: fo1· p~llpt:r 
dcpth, it is c:om·~:nit:nt Lu L"br.:t.:k Jut· .
w:u~.:r in Lilt: bun:hult:. Wi.th jLttit :1 liu1r.: 
t;Xpt:rir.:nt.:c, the.: bb::,tl.!r t':in dusdy c:.:!ti­
;n:.tt~: tllr.: !t:vd u(' W~ltt:i' in~~ bm~llellt: by 
vbu~tlly dl..:~king Lhc Lamping pul..: or 
wcightr.:c.l Lapt.: Ji.Jr \Vt.:Lnt:~ ~fLr.:r th~.: 
bun.:hoh: dt.!pth chc:c.:k h:.ts bt.!l!l1 m:.tc.h!. 
To· gt:t ;1 ·more: :tc.:curJtt: check, th~:: 

. w~:1glllL:!U ~:nt..l u!' Lht: l~l['>r.: (.'~LI\ bl.:' jiggir.:d 
up :.m,,d tlown :ll the.: wm~:r h:-vd. A 
:.pbsllil1g .:-.uuml will' inc.lio.::.1 ic: wl \t:n tht: 
\Wight· b :11 tht: W:Jlt:l' h:vcl. . 
. A bi:~Lhulr.: m:.ty p:.rs .. -; ihruugh or but­
l\.llll imu :.L!1 upr.:ning. Wht.:rt: this up~::n­
ing is notllndt.lly brg~.:, it m:.ty br.: fillt:c.l 
\Vith stc.:mming matt.:rb! (fig. 1). Wht.:rt: 
thr: up.:nil).!.: is lut> l~u·g~: fur'thi.:; to br: 
pr:tL'Ih:at, til~: hull.' lllU::il dlht:l' ht: h.:li 
~u'llo:tdr.:t.l, rr.:c.lrillL'c.l in a nc.::trby ltlt':.l· 

tiun, or ph.1gg~:J. 
t\ .:>implt: ~ll.:tl~uc.l for plugging a 

bla~thtJh.: is =•~ ftJI!ow.:;. A :>ti.L'k i.s lir.:d 10 

tl.tr:t.·nd tl!':t rop-.·, luwc.:r~.·d into til c.: void, 
~LI\d plllk:d b:u:k tlj> .:-.o it lu~lgc.:.s t:ros.:-.­
wi~~..·:~l.'lli~S tltl.'!luh:. Tlh: rup<.: i:i:.l:1kdl 

sc.:c:urdy ;.tt [hr:: borc::holr:: c:olbr. Bulky 
m:~tt::ri:.tls such us ~mpry powtl~r bag:i 
or r-..tg:> arc:: thc::n dropp~d down· the 
hole, dirt i!; th~n :>hov~:h:d d~\'~n the 
hl:llr.: Lu fonu a :>~llic.l bouom, :.tlrc.:r whi~h 
cxplu~ivr.: !u;~cling c~m prucr.:c.:c.l .. Wht;re 
voiti.'i:tr~ c:on11nonp!acc:,'yuu Iiiay w:1nt 

Lo d(,.'vdop a ~tilor·n~tlt: bon.:hok plu!,"' 
ging th.:vic:r.:. 

In ~m~ -di!itric:ts hot holes m:.ty lk 
r.:nc.·oLu'ltt:rc:d, :tltlmugh this is nut vr:ry 
conuiltin. Hut holes tn:ty occ:ur in :m­
tlli::.tdLL:' ·mining or mhc:r ~rc:.t..S. uf in .situ 
cu~ll sc:;.tm fin:.:;: lf there: h; rc::.l.!>un tu 
:mspt.:c.·t :1 hur hole:, tht: htlh: t':in !k-. 
t:hl.:c.:k~c.l by suspc;nding :t thcrn)um~rr.:r 
in it fur a ft:w minul:<.:.:i. 1:.:-.pf~::;iv~: lll:tll:!- . 
l'i~tl:> shtlLtld ;nor be ltJ;~c.lc:J imu hulL.-::i 
hcmr..:r tll:.tn.1 suo F. 

GENEH.Al. LOADiNG 
PltOCEDUH.ES 

I3b.:;thulL:s m:~y be: lu:.tdt:cl \Vit.h bulk 
or p:u;bgc:c.l pruc.l~tt.'L~. i>ulk j)roJu~L"'i 
:trt.: dlllt:r pou\·cc.l iiuo tht: huh:, :tllgt:rr.:c.l, 
pumpc:cl, m bluwn tb.wugh :.t lu:.tt.!ing 
hose:: ;Pa-r.:k:lg~:c.l· prtx.hJr.:ts :.tre. c:idlc:r 
c.lroppt::d into the: hole::, r~:~shC:c.l in with 
:.t tamping pc;lc: C.lr othr.:r.lu:.~cling c.lc:vit:r.:, 
or loa~t:d through a pnc:umatir.: tulx:.lt 
i.:i :.1 gtJtJt.l id~a to c:ht::r.:k tht: rbr.: uf the.: 
pcJwr..lcr c:olumn frc.:qucntl~· :ts .lCI:.tding 
.rrugr~.:i:ic:s, u.sing a tamping pule:, 
wdghL~:d .t:Lpt:, or loading hos-=-. '11ili> 
\~ill give w:.tming uf :t ·L":J.Vity or ovcr­
.:;i:lc.:d hole that is c::.t using :.t :.c.:riuus ovc:r­
t:h:.Lrgc.: of r.:xp!osivt: .lu br.: luut.lt:cl, :me.! 
will :.tbil> :L:isun.: th:tt :.uflldt:m ruuul is 
lt:ft at ·rhc.: tup uf tht: lwlc: for the prupt:r 
:.tlllUUnt ur ~tt.:llUILing. WlJt:n t~lt: puw­
c.h:r l:olumn h:~s ·rc::tc:hr.:t.l thr.: prupc:r 
lm-;uJcm, iht: primt:r h; loadr:d intll thr.: 
btirdtuk·.IL i~ impci1t:tm that till! wirt.·~, ·
tLtbt:.s or c.lt:tcm:lling c.-urc.l lc:at.ling from 
tht.· primt:r :m: pmp~.·rly St:l'urr.:d :1{ tht:" 



\'t:l1.1t.":ll llolc.s; tcing :t.rot.:k or :il:.tkc. 
In :rltnosr :.tlf .siru:uions ir i.s n:r.:om­

m~nclt.:'c.) rhut the! ~xplosh'r.: ·ch:.trgr! b~ 
rot:.tlly c.:oupleel. Tot:.tl coupling lllt.:"..l.ns 

!l.'l!lr the r.:h:.trge- complr:Ldy .nus the: bore­
hole di~unr:ter. Bulk luuding uf explo­
sive=:;· :L.'isurr:s gOU<l · coupling. \\1ht.:'n 
t.':.mridgc:u produc:LS :1re usr:c..l, cuupling 
b; improved by slitting the: i..":lnridgc:s 
:1ttd t:.~mping thr:m lirmly imu pbc..:t::. 
111cn: :.m: four siru;nions \\'ht:rr: c:~tr­

uid~r:s ur p:.tc:~gc:s of explusivt.:s shuukl 
not bt:: t:.~mpc:el. 

l. ln pc:nni.ssiblc: co:tl mint: bbsring, 
where" dc:fonni.ng the <.::trtric.!gc- is :1gainsr 
rr:gul:nions . 

. 2.. In ~·onrrollr:cl bl:.tsting, wll!.:'n: sLring 

io::!C.b; br t:Vt!l1 J.fJPS bt:t\V<:t:11l-JJ't1'idgr.::i 
~m: used to rt:"duc:e rht: chargt: lo:1c.l in. 
the. j)t:rimdc:t hulL;; to prt:vt:nt .sh:lllt:l'-
in g. 

;un w~ttt:r, v .. :b~:rr.: the: p-.td..::tgr: sr:rvcs 
:.t.s protc.:t·.rion for u non-\\:':llr:r n;sisr:ulr 
~xplusiw pru~luc:l. 

-i. A primr.:d t':.IJ'lric.lgc: ts n~.:wn:unpc:tl. 
lt L'i 1\:'L'Oilln~t:ndr.:c.lth:n ~111 bhtstl1oh.:s 

br: :.tr.:mm~d to improw til~.· l.-I'Ikit.·n~.'y 
~1!' the- c.:xplosive- :rnd tu n::tll1t.:c ~tirbl:t:.L 
:mJ · ilyru<.:k. As :t ruk: of thLJmb, tltt: 
h:-ngth of Slt:ll1Illtng shouJc.l b1.· ll'~llll J-1 .

EtJ .2..'4timc-s the: bort:htllr: .L!i:.~mc:~L·r. SiLc:d 
<.:J'L1SJlr:t.! !:ilUOt.! Jll:.tkr.::; Lht! lllO:.l dfk:it:nt 
:..Ic.:mming. l·lu\vc.:vc-r, for rc.:~l:-oliHS ~,J( 
c:~.:omml}' unc.l t:uni.•c-ni'r..:li<.:t:, drill ~.·ut­
tings :trL· lllll.:.l ":umm1.llll}' ~1:-.L·d. l .. mg~.· 
r< .. :u.:ks :..huulc,l !lt:Vt:J' b~ u:.c:d :1:.. sti.:tll· 
min;..:.:1s th!.:'j' \..'Uu!J bc:l·!.m11.." :1 d~ulgt.·r· 
uus :.o~Jl'L't.: o!' ll}·rud~ ~u1!1 m:ty :tbu 
t.!:t~ll:.tgc th~: '' irr.::., L'urd, ortlth\.·:-.t1ftll~.· 
initi:.niun systt:m. 13c.:L':.tLlsc.: it i:. in..:unv~:­
nit:nr w sr~:m hurizon~1l huk·:->,lturi:wn­
t:.tl wunds. :.~rc :wmt:tim~.·s ldt
unstc.:mmc:-c.l,· :1lthough il b r~..:L'tJtll· 

lll1:'ndr:J th:.tt all bl:.tsthub; be.: :..h.:llullr.:J 
tu imprcw.: bl:t:.ting dlkkm:y.lly rr:gu­
l:.uiun,·un~~rgruum.l c:~~~! m~1t, rcmmlo; 
musr be: stt:11Unr.:d wlth' nu~•t.Lmbus­
tiblt: :ite.lllming sudl :lS W~lt.:t-J1ifr.:cJ .. e:.lr· 
triugt:s or day ·uummil:'s." 

Grt: must be: ext:n.:L->r:d in using c.k:w­
n:ning curd do\\ n!int:s in rd:.tti vd 1' sn 1:!11 

bb:.thoh:s. 
On.L' .sLJ!uLiw1 1 ll bct:.ting in wl.'ti>L>r~o:· 

h1.Jlr:.s is ILl LISt: :J. W:Jtr.:!'•fc:ibt~fl.( t:Xplu­
:ii\'r:, 1-ltJwr.:vc:r, ec.:onomit.:.s ofl~.·n l~tVt>r 
d~·w:.tt~·rit1g tlw bi:1Sih!.>k· ~tnc..llu~1c.ling it 
\vitll t\NFO insic..ll.' :1 prott:~·tivt.• pb:.lil' 
I>L>rl'h.tlk· lin..:r. AlthOLtgll tlr:w:.tlr:ri.ng 

ri)tllJ'f! 1. CWI!Clit-'f1 i1lt!&lSLm.:sjur L'Uids. 

!J.:t:.; b~.:c::n usc:tl most! yin l:trgt:-tli:.un~tc:r 
 1 1ulr.:s, it c.::m. be usr:c.l in Lli:.unt:tc::rs bdmv 
4 in. Tu dc:watt:r, ~~ pLt!llp l'i lmvr.:rc:c.J tt) 
the: bouom of rhr: ll,)Ir.:. Whc:n thl.! w:ttt.;r 
has·be~n r.:movt.:c.l, tht! hCJle: is lind 
wi~h ~~ pl~tStic :ilt:!.:'V~~l:i fui!OWli. A mil()( 
hollow pb.stic.: tubing i:; brought w the: 
<.:utl:tr of th~: hol.c . .A r.uc:k i.s pbc:r.:cl 
ii1sidc: thr:: r.:nc.l of the tubing :mel ;.t knot 
is t\cd in tht:. t:ntl uf tht: tubing to hultl 
thL' m!..'k.in.pl~tL'r:. ·r.11c: tubing b>. rcdr.:d 
inLu.thr: bl>rc:hult:, anc.l ~:art: i:. t:.tkr:t'). nut 
lo lt:~ll· il. The.: tubillg is cut u!Y ~It Lhc: 

collar,. :.tllowing 4 to 6 ft. c::xtr':.l for d'l!lrgr: 
sc:ttlc:mcnr. Tlu: A.NI:o ~mel prim~:"r are 
louc.l~d insic.lr: th~ wbing :1nd thr: hall.:' is 

 str:mm~el. Wht.:rt: wutr.:r·is !it.:r.:ping iruu 
t.hc: borr:holc,· it is impo~'l:.tnt tl'l!lt rhc= 
tubing unc.l ANFO bt: lo:.telr!el tiuic:kly to 
prt:vt:nr tht: holt: from rdllling with 
w:.ttt:r. 

Sl'rLUL-DL..lJ',lETER ~LASTHOI..ES 
\V'hr:n .sm~l!l-cliamc:tt:r hl:L.-ithulr:s :.trc: 

lo:~c.lt:tl,th~: primc-.rt"Jl'l.l'ielg~: i.s nonn:.tlly 
lo~1dt.!el ~1t the:- butt om of the hole:. This·· 



giVt."":i m:~..xit.uum t~c..mfinc::mc:nt :ll ihc 
'point ofiniti:.IIion:.~.at.!ulso gu:irc..ki:.tgainst 
· lc::~t\:ing unc.l~::ton:t~t:d '~::.xplusivc:: il1 thr:: 
bc.mum· uf th~: b~lrc:holt: i.f lt should 
bt:t.:omc- piUAAt::c:l during lL.r..tdlng ur c.:ul 
tll'f dming th~: b!:J.:iting pt·o..:t::>S. Som~: 
c:xpc:rts c..·unuut'lc:, ur c:vt:n rc::c.:umni~.:nd 
:.1 L'ushiun :>lick or twt), but tht: g~::nc:r:t1 
rc=c.:ommc:nc.I:Hio£1 is ·nut It> Ltsc: :t c.:u.sh­
iun stic.:k. 

To :t voicJ h:.t \'ing the.: c.lc:Ltm~ttlr f:tll ULit

t)f the: primer t::mric.lgt;, !ht.· c~mridgt:
:ihmdd n~\~c.:r bc- slit, rulh:d, tlr uthc:r­
wist: dc:furmc.:c.l. Tht:' prim~.·r t·:mric..lgt:
should nc:vc:r he: t:.tmp~.:c.l .. 

CARTRIDGED Pl{ODUCI'S 

C:u1riug~:u c..l;:muuitr.:s :mc..l siun·id 
(water gdsJ :u·c: c.:~munonly u.sc:d in 
:mt~di-Ui"tlllr.:tcr bb:-otlluk::-.. Tlh.:.-.t.: <,':.tf· 
tridgc.:s :trt.: u:-ou:tlly :-olit,ltJ:td •. :d hy h~u1~ol, 
:.lllU tatllp<.:.t.lll> J':lfO\'iLlt: lll:l:-i.illlUIII ('lli.J•. 
pling ~m~llll:tding t.k·nl'!ity. c..>n~.· or tWtl 

L'!tnl'id~~::; shuulc.! b~: kmJt.:t.! ~lt'Lt:r tltl..' 
pfinh.:r b~ftm..: t~tlllping bL·gin.'>. T:tn.lp­
ing :-.hould ht: Llunt: fir111ly, hut HlJ[ ~.:x­

~,·~:~=-i!·dy. lJ:..i1lj4 !h~· (~tl'g•::-.1 di:UIIL'Lt.'l" 
L'!lllriJg~:L'ump;nibk"wi!l 1 lilt: bl>l'dJolt.• 

c..liamc:tc:r will incr~.!St: coupling :.me.! 
lwc.ling dt:nsit)'. 

Pnc:uni:.tiic systt:ll'l!:i for lo:.tding \\I'.J.tt!r 
gc.:l. c:.tnriclgcs :m: :.tV'.til:.tblt:. Tht: c..'!lr­
tridgc:s :tr~ propdlc:tl through u.lo:.~.ding 
ltu:it: ~ll high vt:fudt}' U.L :.t i':J.Lc: OJ' up lCl 
one c.~nriugc: pc:r sc:c.:r.mtl. Tht: c.'!lrtridg~:s· 

. :tn: :ttltOll"l:=ltic..'!IJly slit :LS thc:y c:-mt:'r tht: 
bb.stholc::mtl t!'.lL'h c.'!lrrridgc: splits tipon 
imp:tcr. lkc.::lu::;c: of rhc: high iinpac:r 
imp:tnt!d tq ch~ t"'.l.rt:!'idgc:s, loading qy­
n:uniLt:.s wilh this rypt.• uf Juad.ing sy.s­
!t.:Ul is nCJr pc:nniL~c.::d. 1Jnc:um:.tLk: c:tr­
tric.lgc !o:tc.lr.:rs ~m! ~::;pc::cblly Lt.se"ful in 
!CJ:tding h~Jh:s th:tr h:.tw bc:t.:n c.lril.h:c.I 
·upW:!t:d. 

BULK DRY BLI\.STlNG AGENTS 
Bulk c..lry bl:.t!>ting. :.tgl..'ni.S, usually 

AN fO, m;~ y bc: lu:ttb..l imo sm:tll-ui:.trn­
t.:Lt.:r blo.t:>lltoh.:s by ptJuring from :t b:rg_or 
by pnt:ulll:..ttit: lo:.tding thmugll :.1 luad­
ing host:. Poun.:tl c:hurgt.:H in ui:.tll1l!Lt.:f.S 
11.::.:-; than ·1 in. kJ.sc: .sume t.:f!kit:nc.y 

 bt.:L":ltlSC: ur ANFO's luw dt.:n:;i[y :.rhd iL-; 

n.:duc:cJ Llt.:LU11:tLhm vdt;dty :.u :.m:tll 
di:tiu~.:t~r:-.. As V·:iLlt ~til I>Ltlk hH.Iing,.
guod c.:m1pling i.s :.t<.:hit.:VI..'d. Gutiun

should be ~x=rcis~.:cl in Ll!iing pourcc 
ANFO cb:J.rgc:o in cli:.tmc:t~rs less. than~ 
in. Tl'ili! ::;houlcJ b~ don~:: on!>• undc:t 
bonc:-c.lry c.:onclitiom; bt:c.."::.U:>t: ANfO': 
d't'ic.:i~nc.:y bt.:gins tu c.lrup signifit.'!lntl~ 
:J.t rhi.:i puim, anc..l \vatt:l' will c.:umpuutlL 
the: p~oblt:m . 

Pnc:.umutk JO~tcling of ANFO in :mull 
holes i::i reconunc:nuc:cl b:c.::.tusc: uf t:'JSC: 

uf handling, J=.t:-;L~::r lo-.1ding r.H~s. :md 
rhe: imp~oVt:cl pt:rfonn:.mc:t: uf theANFO 

·c.."'.l.WiC.:cJ by p:.trtbJ pulvt:ri:dng o{ tb~ 
prills, which givc:s:.t hjght:r lo:.tding t.l~:n­
siry ~tnc.!' grC"~lic:r St:nsitivity (1, ·4;. The: 
two b:.tsic rypt:s ell' pn~:unl:.ttic: lu:.tuing 
.S}'.Stc:ms :m: the prc.:ssurc= vr.:.ssd ancl th~ 

v~:mulj-typt: Jo:rc.lc:r. 
A pn.:.ssun: vc.:!i.'"it!l rypc: ANFO !o:tc.kr 

shoulc..I h:.tv~.: :.1. pn:!i."iUrc: rc:gubLOrso Lll:.tt 
Lht: tank pn:::;.sun: c.lu~::.s nm c::xc.:c:t:cl the: 
m:mul':.u:tun:r':-; rt.:t:omm~.=nc.l:.:ttion, u:.u­
:tlly .30 p:;i. This lmv:-prt:::>sur~.: type iu:u.lt::r 
pmpds tht.: prills imu' rJu.: bon.:ho!t: at a 
l~wvd,~cityaric..l high vultlll1t:' r.J.t~o:,lc.rJt.l­
. ing. the:: ANJ:o :J[ :.t t.lt:nsit y sligluly abov~
its puur~.=cl dt:nsily with a minimum 
~unuum or prill bn.:~tk:.Jg~:. ln":.t pn ... -:..-,un: 

. vc.::;sd, thl..' t.:ump:mm~:nt nmL:tining tht.: 



r"i..t:IIJ"f! 1. Jtjt!I.'/Ur-Mi: pnL'IIIJU/lir.: .·LNFO II.Jml~·r. 

ANJ-'0 is unc.h.:r pn.::-;sctrt: ~luring lo:ttl­
ing. Louding r.,ttc:~ of uvt.:r JUO lb./min. 
t::tn be :tt:hkved with :mutt: L'(Jllij'.l!llL:"!1£ ·

:.t.nd pressure .vc:;sd~ · \Vilh ANFO c..":l.· 

p~tc.:hic::s 1,000 lb. ~t'rr.: :.tV~til:.tbli:. Thr.: 
sm:tll~r ~mel more pon~blt: prc::.ss.urc: 
ws:-:d lo:.tc.h:rs haw lo:.~c.ling.r.xtr:..~ of 15 
lLl. ;o lb./m.irr. :mc.l ANFO c.::tp:tdtit!:> of

75 to 200 lb. Prr.:S­
sun.: vt:ss~.:Lo; !urger 

· than l c:u. ft. in vul­
lll11t: sllolilc.l mcl.!r 
A~J\!E ~p~:cifil.::.t· 

tiuns for c:un.-;trut:· 
Lion. 

The:: t:jc:cror-rypt.:" 
sy:.lc:m U'ig_. 2) usc::s 

. th.t: Vt:nt uri prin­
ciplr: 10 c.lr:.tw 
ANFO frum thc­
buttonH.Jf :111 op~:n 
ws:>t:l :md prupt:l 
ir :.H a high vdoc:ity ·
but luw vulumt: 
r:ut: intu tht: bon:· 
holt:, pulvt.!rlzing ·
rht! pril!s and giv­
ing bulk lu:.tding 
dc::nsitit:s nc::.tr 1.00. 
l:::jt:c:wr sysrr.:ms 
ui)cr:.tLt: !rom line: 
prc:.surt;s uf -iu w 
HO p,si anc.l lmtd :.tL 
r.llt:S of 7 lCJ 10 lb/ 
min. Combin:tdon 
Jo:H.lt:r:> an: a v:;.il­
:.tblc: lh:t[ J'orc:t: r r::t::d 
a. vc:muri from a

prt:::;suri.Zc:d pot. This l!YStc:m giv~:s thr.:: 
s:.tmc- high lo:.Lding dr.::nsity :.u1d prUI 
br~abg~ as th.e str..1ight Y.~nturi lo:.tdt:r 
with an incre-..tse in lo:.tding rJ.te. Sped­
fic:.trions of pn~unmtic loading syst~:ins 

.. :.tre givc::n in. T::.~.bl= 1. The:: dc::ton:.Ltic.m 
vc:loc:iry of ANFO :ls:tfunction of ch:.trg~:: ·

· di:uncr~:r for pourc:d :.tnd pnetm't.ltk:tlly 
lo:.t.dr::d ch:~.rge.s i.s shown in Figure:: 3. 
The b<:!n~fii:.S ofh.igh-vdociry pncLtm:.ttir.: 
loading arc:: sigt:Ut1cJ.nt ar small bore--
hole di:unc::rers. · 
. A problc:m m:.ty :trisc: wht::rt:: a high­
pt'!.!!:iSU!'c: c:jc::c.:tur lo:.tc.!t:r is U:;c:cl to lttJd. 
ANFO in .sm:.tll ho!r:s in soft form:.ttioru? 
suc:h !lS ur.1.nium ore::. The: pulvr::ri.zc:d 
prills muy bt: dc:::tci pn .. "!:isc:d by d1c: com­
.prc~sion from uc.l j":.tcc:nt charges firc:cl on 
c:arlic:r deb ys.1'hi.!i C' .. lll c:tusc: rl1e ANFO 
nor to. nrc. 

Static dc:ctricity c:m: bc: :.t haz:.trd whC:n 
loading ANFO pnt::um:.ttic .. .t!ly inlo.sn'llll­
di:.tme"tt!r bord1C:lh:s. .St:.ttic dec.:rric:ir:y 
h~tj';rd-; c::.tn be: rd.!Ltcc:cl by using anti· 
:ilmic t':.lp!i ur nol'ld!.!C:ll'ic initi:.t.Lurs. A 
s~.:mic:unc.luc:tiv~ ho::;c: wilh a. minimum 
rc:sist:;nc:t: o.f 1,000 oh.m.:>/ft :.tntllO,OOO 
~1ans rut:.tl resh:it:.mc:c:, :;.ncl :.i m.:rxlmum 
tot:.tl n:sL'il~mcr: of 2.,000,000 ohm.s for 
thr.:.c:ntirc: sys1c:m, should br.: usr.:d. TI1c 

pilt:U!ll:llit' luac.l~.:r shoulcJ be: pwpr:rl y 
gruundc:t.l. 

Hom~:m:tc.lc: lo:.tding c:t[uipmc:nt 
shoulu not bt.: usc::d. All c:t.juipin~:m 
shoulc..l b!.! opr.!rilL~::c..l at the: prupc:r pn:s­
surt:. Gaps in the: powdc:-r c:okmm L':ln 

be: :.~vuiuc:U q)' k~r.:pin!{ 1hc: hoppl.:'r full 
:md m:rim:tining. :.t ·c:un.sta.m st:tnc.luff 
t.lisl~tnct: bc:rwcc:n rhr: c:ncl of the: lo-.~d­
ing hosr.:: and thr.:: cqlumn of Az"-:FO. 
Lu:.tding pro11c:it:ncy i.mpruvc:s through 
ur>t:r.llor c:xpc:ric::m:t:. 
: "I he: pnt:Liffi:ltic.: lo':lc.ling tube: is usL:fu! 
fur blowing .standing c.lrill w:.1tc:r fron1 :t 
huri=-'unL:tl bc:m:holc:. Howcvc:r, if the:: 
bun::holc: is "m:tking W:ltc:r," c:xtem:~.l 

protection for d1t: ANFo' by n'l.t:~ns of :1 

pb,:;tk slc:c:ve is n:quirC::d. I.:o:tding in­
.sic.lt: :.t pl~::;tic· bord wit: slcc:ve _ L-; nor 
rec:ommr:nc.lt:d for unc..lcrground work 
bc:C:aUSC: ef the: St:l.tiC dt.!C:tridty h:iz:.trd 
c.luripg lo:tding :.me.! Luxk fum!.!.S g~.:nr:r­
:.llr:d during bl:tsting. 1J' pl:t.•ilit:'-:.h:r:vc: 
prutt:C:Licm witl1 pm:umatic: !o:1t.lin!l in 
wdl-wmibLt:c.lloc~lliCJns is n.:c.Juin:d, a 
nont.:lc:c:trir: dL:"tt~n:.Lting systc:m shoultl 
be: uscc..l bc:c-.tusc the: insul:.tting r::fft:c:t of 
th~:slr:t:Vt: is likdy ro C".!~Isc::J. buildup of 
:;t~t.ic.: t:h.:r:tridry. 

o Wet hole shot bags - seamless & glue seam 
. . ' 

• .Bore.hole liners- on roll & pre-mades 

• Filter -·fences & pond curtains tq spec 

Calt·f~t·~ua~~teed .. Low~st Prices 
'412-245-2800 

B.W~E. LTD. 
I 

P·.o. Box 652; Republic, PA 15475 

Depenrjable, Prompt Service Worldwide



BULK SLUlm..IES 

$lu11ic::> u~ty be. bulk lu::u .. lt.:d ·inru 
bhsrhole cli:.tmc::rc::~s :tS .sJ.n:tll :tS 2 in. 
'l11r:s~ products :1rc:: ti't::qu~nrly poun:d 
from bags, puc occasio~ll>· bulk pump­
ing uniLS are used 1"he .st!nsitivity of
slunic::s, ~d l1t:nce the diamr.:ter~tt wllic:h 
rhc.:'·Y m~ty be d1;;;t."f.ivdy U:it!U, tlr:p~nc.ki 
brgdy on thr.:ir furmub.tion. Thr.: use uf
bulk :;lurric::dn di:.unt.:tr.:rs bdtJW t.hose 
intem.l~cl for the proc.luc:r t.:;m l"t!SLI'lr in 
subsr~tnu~1rd bbsts or mi!ifil'l.:!l·. 'fhc 
ni:tnut:.tr..•tur~r .should b~ ~·ot'l!lultr.:t.! 
when lo:.~c..ling bulk .slurric::> intu :ml:.lll­
c.li:.unc:c..:r bl:.tschu'les. 

Pgu..llSS~LE 

llLA!:iT!NG 

LtJading bl~!!>thoh:s in urKk:rgrmmd 
· c:oal.mint.::> L-; :>lrit:tly n:gubt~:d ll}' /1.1:11-IA 
in C:m.lr.:rw pn.:~·r.:i1r ignition ofl.·xph.;ivl.." 
-~ltmusph!.."rc:>. Only pr.:rmis:-.illl~: ~:.-.plu­
:>ivt."~ t11:.1 )'I >t: u:.~:d in Lmr..lr.:r~n lUnd c.:u:.tl. 
min~.:s. C~::11:.tiri niu·ogl>·~·C'ril1·b:t:-.'-"~l r:x­
j;ltlsiv~::-;, l.."!l)Ltlsit~n:i, ·:-ilurri~·:-., :uH.I w:th:r 
gds h:tv...: bc:r.:n !..'c:nill.t!d :t:o. p..:nui:.:-.iblc: 
by .1\.lSl-L:\ (GJ. 
. 'Tiic prim~r plus [bt: n.:m~tining ~~1r· 

r!'idgcs :u·c- stringlu:.tr..l~:t.l :md pLt:>llc:d 
b~lck,.inlu 1h..: hu!t.: :1s :1 :-.in;.:lc: unit tu· 
':.tn>id gl..."l~ing !..'lJ:.d du~l b..:t\\"<.:<.:fl th..: 
c.::.ltlriL!gcs. · Ch~trg~: wc.:iHl!!:>" 11t:1y .noL 
t:XI.:<.:~c.1 .:$. lb per bun.:hulc:. IJ!:tc.:k puw­
d~:r, c.lr.:Lun:tLing l.:'urt.l, :tri~l.~ ~FU :tn.: nul 
pl.!'l'!UL-;sibl~.:.'B!~~.,thtllr:.s:u"!.: initi:tt~o.·t.l '' itlt 
.. :oppr.:r~tlluy :.hdl dt:L'tri .. ·l>l.t:-.lulg 1..~1p:.. 
Alllmlcs mu.:.L ll~o: :-.Lr:llllllt.:d \\ ith mm· 
l.:O!llbu~libh: l!lalt:rb! sur.:! I :1:> w~tcr b:tgs 
m c:by dummir.:.s. The:: :;tr.:mming lc:ngth 
must bC:: :u h::.tsr' 2·i in. or t>n~··h:tlf the' ·

'dc:pth uf thr.:· b(;)tdltih:, \\hidt~o."Yt:f h; 
h.:s.s. Jl~:nliL~il.Jk b!~ISLing .prtlc.:c:dLU\::. 
:tr~ .:.tlsu fc;'C.fllil:c:c.l for g~tssr 11tJtWo:.tl 

111inr.:.s, but :m.•lh.:tjucmly lc:ss :.trii1gc:nt 
tl1:.m ft,~r !..'ual minc:s. 

L.UtGE-Dl.A..'t1.ETER lll.;~.!)TlJOllS.
\\'ilh f~:w t:Xt:t:ptiuns,:l!!..'Unc}J tk.s ~tni.l 

t:f{kic:nl. '}' bvur the: ust: t.i( l>Ldk:1t;:tc.ling 
i.n hl;tsthok di:.tmc:rt:r!'i l:.~rgc:r th:.tn '1 in. 
Th~: pr~JUU1.'L=> :,tfl.' L'hc::.tp~:r, hJ:tding i.:. 
f~t:.ll.."l", and Lht: Wt:ll·c.."ULII)Ic:c..l bLJ!k d t:u:g~: 
14ivc:s b~ll~r bl:.l~Ling c:lllr.:i~:nc.·}~. . . . L:.tl'"t:· n 
c,li:.~mc.:tc.:rb!~t.~thtlks m~>· bc:.L('!), '-'c:Jltt:r, 

· ur LUI.! primr.:d, c.lr mulLiplr:·priurc!r:; m:ty 
hi.." usc:d. 

PACK.-\.GED P.RODi.JCTS 
l..:.lrgc: c.li:unc-I<.:r dyn:unill..' c:mridgc::-. 

are- ::iddom w;c::d"tod:.ty t:XcL:pt for oc.:C:.-:.L­
siunal U!)t: :1S prl.mr:rs. ANFO :md slur-
ri~s giv~ ber~c:r t:!c:~mori1y in 1arge-cli:.un­
c:tc:r bl:.lsmolc:s. When· wc:r boreholc:.s 
:1rc: t:ncounrc:rc:d :md the op::r.,ttar wo~nrs 
ru use ANFO, W.tLr.:r-rc:sisl::l~t polyburbp 
pad{;J.g~ of paniall y pulvc::rizc:c.l, densi- · 
!lt:cl ANFO .;~rc: u:;c:d. Densilk·.trion is 
nC"c~::ss:uy so that the: j.l:!c:kagr:s will sink 
in w:ttt;:r, .ANFO pac:kagt::.s should be 
c::.trdi.tlly low~rt:d irito w-.irt!r-flllc:d hobs 
r..1tbt.:r th:.u:1 c.lroppr:d, bc:c-.Ju.sc: :.t brokc:n 
b:tg willr~o:.!:iuh in clt.::ic:n::;lli~c:cl ANFO, :.tn 
interruption in the powc.lc:rc.:ulumn, and, 
mc>sr likdy, scm~ unfire"d ANFO. A c.lis­
:tdv:.mtagd of w~uc:rproof ANFO pa<.:k­
:.tgt:.-; is t11:.1r .some: borr.::holc: coupling is 
lost. Ah,;o the bt::'.lt lost to the w:uer\vill 
r~:duct: tht.: t.:n~:rgy rdt:"..1!;t:U. Whr.:rt.: il L-; 
tlt:~in:d Lu use ANfO in wel bun.-hulr.:s, 
till! opliun ur bort!hc:Jle c.Jew:.ttc:ring 
sh,,Lllc.l be. inv~::;;tig:.m:tl. 

!-ilurrit::-> :trc: ~~~~il~blt: in pol yc.:Llwlc..:nt.: 
p~Lc:k:lging in di;unc.:Lers up tCJ H in. Somt: 
o!' tllt:SC:· p1'odw..:t.s :u·t: :>r.:lllil·igic..{ :tnd 
mh~..·r:i :1r~ in c.limc:nsilmlt:.s.s b.~tgli rh~tt 
wiH slump LO Jltlht: btJI'dltllt.: uimnc=tr.:r. 
With Lht: .sr:mirigic.l c:at1ridg~s, tilt: acl­
v:mta gt: uf bmd IUit: .CtJL~pfing- f:.; Jo.S[. 

•HUlK DRY 
ll!.A .. '>~l'l.NG AGENTS· 

Hulk lo~lc.ling ul'l'r.:r:> signilk":.tnL ~tl­

v:mt:tgc:.s ov~:r luac.Jing u!' p~c:bgt:J 
. prLJ!.ILu..:L:> in l:.trgt:·Lli~lllt:Lc:r bb.sthules, 
in~lttding c.:ht::lpt:r proc.lur..·t.s, l~tst~:r load­
ing, :ulc.l b~:tlt.:l' u:;~: tJf tilt.: ~~ v~til:tlllr.: 
.SJXiC.:t: in tht: !Jun:huh:. 

Tltl.! bulk Ao~"''fO ur prll1s :m:· srun:-d in 
ovc:rllt:~td .stur~tgt: bin.-;, frCJm whid 1 illt:y 
:rr~: htc.kcl inw L.ht.: bulk trudt~. Tht: 

Table 1. Characteristics of 
pneumatically lcaded.ANFO in
small-diameter blasthales. 

Loading Tank 
Jet Loading 
Loading clenslly, 
device pressure, psi 
Pressure, psi Ratel,!b.min 
g/cu c:m 

.Pressure vessel 10·30 
NAp ·15·70 
O.SIJ:-0.85 
Ejector loader Qet) NAp 
40·80 7·10 
.90·1.0 
Combination loader 20 
20·80 15-25 
.9-:1.0 

. NAp "'Na/ Appm:..IJ/11 
1 • V.U1e1~ wllllllOStt C1WJndlctt: 

:\.NFO m~ty bt: Lruc.:kc.:c.l W tilt: bb.:it sire:: ill 
pr~.:mi.'>.t:c.l furm ur rh~.: uil lll:t y h.: lllt:· 

lcrL:d iqtu !ht: pril!:; :t.:i'lht:y an: pbc:c=d 
inro thL· bl:tstlml'-"~ Bu-lk lu:.tding sys­
tell1:i for c.lry bla:.ting :.~gc:nL-; tANFO) 
m:,~y bt.: t>f Lltt: :mgt:rpr pn~um:.ttir..' type. 

Augcr hiC.lin~ givt:s tilt: f:~~tc:ii JiJuc.l­
ing r.tlt:S. A .:..iC:h:·btJOUl u ugt:r i:;, .:..~lis!':Jc:· 
tu1y fur lo~L.ling on~: ruw CJf hob; ut a 
Li!l\t:. Whi:rt: it i.s dt::;in.:d tcJ rr.::.tc:h mort:· 
hcllt:S from ,,111! s~o.·Lup, :m ov~rhc:-.td 
buum :tLtgr.:rwith ~ 350" r.lr..liLJ!i ufswing 
'-":.ILl br.: u:.r:r..l. With lhis l}'pc: uf C:(Juip· 
m~nr. lk::dblt:' tubing usu:tlly r:Xh.::nr..L-; 
frum the end of lhc: :.tLJgc:r l)uum to 

. grmrnc.l lc:vr.:l. Tht.: amuum ul' bl:tsting 



a,o<=uL ur::uvc:rea mto tllt: bl~tholr:: hi 
somc:times indk::ur::d on :t 1i1r.:tc::r in rhc: 
truck.ln other .situ:.uions :.t hoppc:r with 
:.t givc::n vo!uine of c.":l.p;tc:iry i.s hung :.tt 
rhe ~nd of the :.tugc::r bobm to llit:"..lsure 
rh~ A.l'u:o :.t.s ir hi !o:.tc.lr..::c.l. l3ulk lo:.tc.ling 
rruc:k!; h:.tv~ c:!pdc:itic::s of .from2,000 to 
30,000 11.' of ANfO, ~tqc.l with :tuger 
.Syslt:m.s c:m ddiv~r up ro GOO lb of 
ANfO per m.inurc:: imo :.t bl:.t.srholt:. 

Pnei.uu:.uic louc.ling L-> ~tlso used in 
l:.trgc::-c.li:.tm~rr..::r borehoh!.s. Pnr..::um:.ttic: 
unitS arc:: c::.spc::d:.tlly u.sc::ful in ruugh Lc::r­

r:tin; whr..::rc:: :.t long !o:.t·ding hus~o: is usc:d 
to k.l:lcl numerous bl:.t.'ithulc.:.s from :t 
single::' sc:tup. 

H:..tnd pouring ANFO from 50-lb l~:.tg.s 
i.s sri!l pr.tc."l.ic~d :.tt opc:r.ttions wht:r~ tht.: 
c.::t p~L:.!·l c::.xpr.:nsr.: of :.t bulk sysLL"U ll.~mnm
bL· justil'ic:d. ·!his, of c.:our.sc:, gi~·c.:s rht: 
s~unr..:: c.:ompll!tc:: coupling :.ts bulk lu:ttl· 
in g. 

BULK 

SLUIUUES 
· Bulk :;Juny pumping i:; C.:lJIIUI\onpbc.:~.:: 

in l:.trgc:-tli~mi:c.:Lt:t' vr.:nil.~tl holr: bl:.t:-.ting. 
. Snmc:: slurry _tn.rc:k.s h:tw c:.t r~1t:itir.::> of

up to 30,000 !b of sluriy·:.mcl have rypi­
<..":11 pumping l".ttc:s of200 ro 400 lb/min. 
A bwk ~ilurry truc:k m:ty bring :.1 phmr­
mixc:d ·~urry to rhc:: borc:ho[c:: o1· it m:ty 
~..~rry septirJ.t~ ingrt:c.lic:nts for onsirc:: 
mixing. 

On:;irc: slurry mLxing i!i mor~ ·~om­
plt:.x rl1!tn ANFO mixing am! L-; usu~tlly
don<:: by u. compc:r<::nr explosive di.s­
rdburorr.trh~rrhan the= consum~r. Pbnr
mixing pc::n11its dos<::r qu:.tlity control in 
rh~ b!t:nc.ling of ingrc:c.lic:nts, wht:r~..1s
c..msitt:'mixing permits c.lit1'c:n:nt energy
clc::nsiLi~ to'bdo:.tclt:c.l frum ho!r..:: ttl huh:: 
ur in clifft:rcnr lcx:ttcions \Vithin :.t·singlc:: 
holt:. 

'!'he: slurry is pum.pc:cl as :.t liquic..l and· 
u. .. c.:rcr.;!:i-lh1king ingr~c.lit:m is ~Ltlc.lc:c..l jusr 
:Ls-tht: sluny t!htt.:rs tht::· lu:.tc.ling lwst:. 
Cro:;s linking to :.t gdatinuus consi.s­
tt:ncy br:gin.'i in tht: hose:: :.tnc.l is c:om­
pk:tt:d in thr.: bun:hulc.:. A mc.:lt::r on th!:! 
I lLtlk truck indiL":l.tc.:.:; th~: :.tmoum ofslLJrry 
tlt:tr h:.ts br:c.:n lo~tc.h:c.l. 

l·l~tnc.l pouring oJ'slLii·ry f'r.c..im pulyt:tlt· 
ylt:m: p~tc.:k:lgc:s is still pr:tc.:tic.:t:c.l :tl up­
t.:J~ttiurls Wht:rt: Lilt: Vt)llllllt: uf slurry 
usc:c.l c.lot:s not justify u bulk-loading .

 truck. Pouring, r-.trhc:r ih:.tn !o:tc.ling the. 
t:ntire p:.tc:k:tgr:, givc::.s complete: bor~­
holc::' coupling. >JEE<. 
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• High Accuracy.& Rel!ability • Lightweight & Low Cost 

• qircuit Timing ~elec~ble 1-999ms. in 1 ms Increments 

Sequential eiS€tric :~lq.sti~ ofters ~last design flexibility which can 
reduce both costs and vibi:ation,_ and still have the adv~tages of the 
i.nJ:lerem reliability and· "lest" ability of electric blasting circuits. 

Unfonunately, many blasters think that you must spend up.to 
$4,000 for a ten circuit sequential blasting machine, tenninal board, 
cable, and reel. The Dual 50 changes all' \his. For less )han $1100, 
you can apply sequential blasting techniques to construction and 
mining operations to ooubJe the effective number of. delays over 
standard, single circuit designs. 

While supplies lasL .. ius! to coovioco you ltlDl NOW is tho rime 
to get your Dual 50, Thomas Instruments will include the industry 

_standard Model105 Digital Gatvonmeter with every Dual ordered. 



BACK TO BASICS: 
DETON~G CORD PRIMIN"G 

br 
Ric.h:r.rd A. Dick 

Dennis Y. D'Andrc:::L 
I;trry R. F1etcht:::I:" 

t:.S. Bure:tu of Mines 

Decon::J.ting cord inici:ltion h:ls bee
used for m::r.nyye-.1rs :r.s :m ::~.ltem:lti\~e c
e!e~c bl:r.sting v.·he;~e the oper:uor pre
fer:s noc to h:lve an electric initi:tcor i
the bl:rschole. De~orocine; cord core;iscs
·of ·:J. core of high· e::cpl'"asive, usually
PE'I'"N, conc:tined in?- w:tterproof p!:J..s­
ticshe:Ithenc!osedin:J.reinforcingcov­
ering of V::J.rious combin:ltions of te::c­
tile. pl:1sdc. :md w:1terproofing 
Detpn::uing cord is :Js:tibb!e with pET:'[·
core lo01dings r..nging from 1 to -iOO gr/
ft. 

All cords on be cletoroced ~·ic.h :1. 

bl:l.Sting op :md.h:rve :1 de!on:.u:ion Ve· 
lodcy of:Ippro::cirn:.tce!y 21.000 fps. De!o­
n:lting cord is :td:::poble co mosts~rt~:ce
bl:tSring StCL!:ltior.s. \Vhen used in :J. '1:1-·e~ 
environment the :::;d.s of th~:: cordshou!-d 
be procecred from \\';!.ter. PE"Qf wiil 
s!owly:ibsorb ~';l.te:-:md :l!l :1 rc::su!r~·lll 

becom~:: insensiti-.·e to iniri:uion bv :1 

. bb.stipg c:1p. Eve:J. \\'he:t wet. howe~e·:. 
c!e.~on:J.ting cord \\'iiJ prop:J.g:lte if initi­
:ud on :t drf e::ci. C'nde~r:.nding t.b~ 
function.of :J. c!e~cn::ting c;ord iniri:lcicn 
system requires :J. bowledg~ of ch~ 
produc-...s::.'r.lib.bie. Tr.e E::.Sii·;n-Bidifcrc! 
Co. h:l.S published :J. m:J.nu:.t[ th:.1t c!e· 
scribes de!onating cord products in d~­
t:r.il. Technic:tl ci:J.t:J. sheers :1.re :tvail:J.ble 
from Austin Po~·de:- Co. 

DETONA~G CORD PRODUCTS 

The most common.strt:ngch.s of d~:o­
rutting cord :J.re fi.om 2'5 m 60 arrft. 
The.sest:reng~.s :1re' U$ed fortrunkllne:;, ·
'which conne::;: rhe inch•icfu:J.l bl:.!.Stholes 
into p:mern. :J.nd fcir dow.hlint:!s. which 
tr.:msmit the e:J.::::gy from the trunklint:! 
to· th~ prime:- onridg!!. Tn.: ~o~·er 

strength· cords :ire t:hc:-..!per. bu~ .::;om::: 
h:~.ve less tensile :itre:i,!;!ch :.mel m:ty be 
.;omc::w.h:J.t lr::!i$ dc:r:ncb.blc: und~::r b:.:rsh 

· Cldd conditions. Some dt prim:::::S :1~c: 
nor dc::pr::::nd:lbly inic.i:J.rc:d by 2.:;-gr cord 

or lighter .cord. Ho~·e•ter. under nonn:1l 
·conditions. the lighter core IO::tcis offer 
economr :md the:r gre-.tter t1e.:dbility 
m:1kes fidd proc~dure.s such :l.S primer 
prep:1otion :md kno~ tying e-JSier. 

Detorocing cord .strengths of 100 ro 
200 grift :1re ocdsion:J.!ly used where 
co'nrinuous column initi:J.tion.of a bl:l.St­
ing agent is desired· Cords wirh 200 to 

. 400grofPETNper.fooc:J.reocosion:tlly ·
used :t.S :t substicure for ~::cplos1ve or~ 
cridges in ,·ery .se:l.:iidve or .:irn:J.ll. con~ 
trollctd bl:l.Sting jobs. 

Deton:lring t:cird.str:::ngths lower !:.han 
25 gr.·ft :.tre .sometimes u.sed. Fifteen- to 
"'"enry·gr..!in produces m:ty be used for 
srn:J.U-di:.!me~er. hoks. for· secondarf 
bi:.!Stimt. :.1.nd in the )iond::;v,.;r~m .• j,_ 7.5-
~ 
~rcorct'k:J.Iso . used in chr:: N~nds.;,sre:n. .. 
A +gr; fi: product i:i u:ied :l::i p:.trt of :J.n 
:!!5st::mblv oiled ·:t Prim:J.line Prim:1dec. 
A Pti~:.t!In~:: Prim:.tdc::~ c:onsisrs of :tlength 
of +gr cord crimped to :1 st:~.nciird ·in­
.st::.nc.:nr::ou.s or de!:t;• bbsring ~:J.p. Tnr:: 
t:::,o . is in::e:-red inca rhc:: . orimc:r:md rht:..,. 
gr core -;e~·e:; :!.S :i dcwnlin:::. V:trious 
cord h::;gu~ :1re :.tv::il:.:.ble to .suir sp:·

··c::.fic bc.r:::hok C~;:Jth:i. Tnese Prim:1de::.s 
:.trt! prim:J.rily u.o;cd 'fn underground
mines. such :I..s s=lt whe~e :-ionel rube:; 
would be :1. product conr:tmironr. Du 
Pone's nc::w Dc:olim: Sysrem 'utilizes ':J. 

2.+gr cord. 
.:'vfill~c::~ond d:::!:l:: surf~ce connc::\,:tor.s 

~rc:: u~cd for cld:.t~·ing dewn:.r.ting c:•:~rcl 
bbsts. To place :1 dd::y bc::!:We:::n cwn 
holt!S. thr:::: trunkline bc::!:We::n the hol:::s 
~ cur :ind the c:nc!s :J.re joined with :1 
d~l:J:y .~onnc::cror. One rype of deby 
CO!Ult!~.:::ori::; ~~ pbicic:.lSSembly cont:.Lit;\· 
'ing :t dt!!:t v d.c:menc. At ~:!ch end of th~ 
d;mc:nc ·~ :1n upc::ning into wqic:h :.1. 

loop o'r' the:: se•tc:rc:d trunklinc: l":.ln he 
iru~::rt:::d. A t:.Lpert::d pin is used to !od~ 
the trunklint:: r..:ord inco p!:J.c:e:. A Nand 
dd:ty co!Ulector h:t!i :J.l.:;o hc:::n .dr::vd-

oped tor deron::r.ting cord. bl:lsting. This 
conneaorc:onsisrs ;f ~·o pl:lstic b!cx:ks. 
e:J.ch concining ::1. deb.:;· initi:l.tor. con-
nt::cced by ::1. :;hart !e:tgch.of NoneJ:rub-·
in g. E::Lch end of.the se•te:ed trunk.iin~ is 
Wr::tpped:J.rOUndthe notch iri On~ of the 
p!:l!>"tic blocks. Both ·cypes of dd:ty con­
nector :J.J;e bidirection::J.I. 

FID.D A.PPilC.A .. TION' 

After the prim~::r h::l:l.bt::::n lo~·ered to 
irs proper lot..":ltion in r.hc: b!:ISthole. the:· 
.dc::~on:J.tin~ cord is c-ue from the spool. 
Abouc 2 or 3 ft of cord should exrenci 
from the hole to allow forchu~e;:;c:rrle· 
mem :1nd tying into rhe trunl::lin~. \~nt::!n 
the: entire .shot h:!!5 bce:J. loaded :md 
sre:nnied. the:: trunk!inc:: :S !:tid our :1lonc; 
rhe puch of desired initb.tion progr!=i:. 
sion. Trunkline·to-trunk!im: conn~~­
tions :m: u.ilu:.tlly m::d~ ~·ith ':.1 :iqu~u~ 
knot. A tig;hc knot ust.i:::Ih;:1 ~lo-.•e hitch. 
:1 h:.1lfhic;h. or:1 doubJe-~·r..!p. h~!fhicch~ 
is used co r..:onnc:::.:: th~ C.:ownlinc: co the · 
tr"tn.i.;:linc:: . . .lu"!y t:!.XC:::i.'i r..:ord from ch~ 
do.wniine -::hculd be ... -..:c ot'f :md dis­
pose~. rf Prim::.c!e~ cr ccht!r in-hci:: 
d::d:!y :l.-.i!:t::;"~biies ::.rt:! · t:::cd. :1 pl::.:;;:!c 
connc:c:or t'ii:r:::1 ,:;c::;-tc; ::..:; rht: r..:onne::· 
tion to the. trunkline l ~gure 1). Tne 
cord line:::; should be: ·.sl::.c.:!". buc noc e.....:­
<.:t::i..'iivdy_:;o. If coo ~uc!'l. :,;f:ll:.:k i::rprc::s~::nr. 
the cord m:ty era:;,:; ic:;e!f :J.nd po!i.-;ibly 
c:.:u.se :.1 r..:ucolf CF:gure .:!l •• .lJso. if the:; 
lint:s :.~re coc~ tiuhc :J.r:d term :.~n ~c:u~t:: 
::1ng!t::. the do~n.li~= r..::.:· b~ t.."UC ot'f 
~·ithout d~!on:tting. 

Onr;o,:nline:; of dt:!~or.:.:dng ·cord .c.ln 
:tdv~::~dy :ttTect the: c.:ch.imn ch:u·gt! of 
e:-:plo:;ive in the bl::!:idJ.o!e. With t.."':lp­

,:;ensicive_aplosiv~!l. r.:cncinuou.s: :.t:ci:tl 
initb.tion wi!I oc.:cunvirh :ll\Y' cord c.:on· 
t:.tining 18 or men:: gr.!i!i!i of PET.'i per 
tom of cord. Lower .stre::::~gch t.:ords m:.:y 
:thio ouse :i.::ci~tl ini~::dcn. Four-gr.tin 
cord will noc inir.l:J.ce rnc..-.'t 1.::1p-..:~:::u;icivc:: • 



, :; itizcd or. ic m:ty b= !Il:!rgin:.t.lly inici:lcc:d 
. H:lg-.J.n h:.ts ~"tt..dicd thl:; problem. Th

r:ft!:ct d~cncls on the: cord :;crc:ngrh.
bl~"t:ing :1genc sensitivit:'· bb.sthole di­
:tmet~r. ::tnd. po:sition of the: cord ~1rhin
thr: bl:lsthole. As :1 genc:r.:tl rule::, 50-gr
cords :tre comp:ttiple ~virh. bl:!Srhole

· di:lmerers of 8 in or more. In c:h:ugt: 
crl:l!ncrc:t:s of; to 8 in: 25-gr or lighter
downlini::!::i should be: ll!ic:d. In di:un­
erc:rs bdow 5 in. low-energy ( + ro 10.. 
gr) downllnes · or :tlcc:rp.:tdve. 
nondisrupciveirlicttcion~y"StC:!!l!) :1rc: rc:c­
om;ar:ndc:!d. The m:J.nuf.:~.crurt::r :Should 
be co~ulr=d for recommend:ltions on 
ihc: u.::;e of dc:con:uinn cord ,;1:ith '1.-:l.rlot.!S 

• ::> • 

explosive: productS. A low-:n~I".-::>"Y ini-
ti;ltion .:i}'!i!~m olld D<:!ccord. d.:;vd­
 oped by du Pone~ is dr:::;cnoc;d hcc:r in 
chi::; :1rtick 

DEL.S..Y SYSI'E:"r!S 
Surr':!.c::: dc:!:tycoMet:ror;; orfc:r:J.n un­

limic<:!d numbc:r.o( dd:I}':!. for in:;r:mcc::. 
:1 "ro~· of 100 hold could be dc:l:!y~::d 
inc!ividwlly by p!:.tcing :1 dc:by br:!:"vc:::::; 
c::1..:h holt!- :mel inici:tting thr: ·ro\V trom 
one: t!nd. Typiol deby incr::v-:18 for 
surf.lct:: connc:crors ::re 5. 9. L':". 25 . .35. 
-i5. :md '155 rri.:s. Since thee connc:::roc; 
:1n:: nc.mn:rlly t.!!ict.l tor 5urf.lt.:c= bl:!::;ting, 
h:.r.lf-.:>c:t:ond dd:ty pdods :.t.re ncr :lY:li!­

:lblc. 
Cucor'f,:; m:1y be :J. prcblc::n t~.·ich . .;ur-

f:J.c:! dd:J.;t conneacr.;. \v'hc::1 tlit: pu\v
de:- column in on: he!~: ddcn:Hc:.':i. rh::: 
~~Mc::.:tio~ be~ve::-. hclc-,:; tote rired
be: ffi:l\" . r.-t:! brcki:-:1 b\" . ..:::-..:c::::in~ - or
ochc:: mo~·cm:::m or' the ro..:k n~~:i. Thi::i
111!!;.' c..'":lU.'>e · :1 ;;ub::ic:':.;uc::t! hole cu mi.:;­
ii.n::. To t.:orrcc.:t rhB ,:;ir1.1:1tion • .>tiSHA

· r~quin:s ch:Ic the p:u:rc::ri or' ~nkiine!i
:.tnd el.d:J.".' . t.:OMc::tOCS be: UC::::ii••nc:'J 

~ 
'so 

rh:.tc c::n:h b!:.t:ithch: ~.":.l.n be: rc:'.:l..'hc:T..l bv
CtVo.p:.;ch.:i rrom the: paine ur'inici:!tic.m ;;r
the: bi:l:it round. The!· p:.trc~r:n::i CJ.n b:::­
..:omc: sornc=wh:tc ..:on1plc:.:c ~~J :ih0u!ci 
be: bid ouc :md <."':l.rr::fullr d{t:::kc:c.l on 
p:lpc=r bc:rort:: :mc:rnpting co l:.!v che::n 
out in t:h~ t1~!d. \"O'hc:rc po:i.Siblc ch~
fYJ.trc:m .:ihou!d ~ dr:.:sil!nc:d ?o th:Lc the: 
Jd:.tr ,:;c:quc:u:t: in whi~11 the: holes rlrc: 
is the: :;:mlc no m:~cr-c:r whi~h p:rch ·t:; 
t:1ken trmn the: pt,int ofbi:.l:it i[liti:tti0n. 
Thr: ·Sf:!.'it Dc::;ign· l..'h:xr:~cc:r ~iw::s .sug- ·
 go::stions r'or :!d::t.:ririg rhe :tc.:ru:ll dd:1y 

Fig!:re· 1-.Rer.:omme11ded l:mof!S jbr the detonating cord. 

incetv..ils bctwec:n bl:.t:itholes. 
Figure: 3 .::;haws :1 typic::Il b!:.tSt hid cue 

wirh dc:bv connccroC:i. )fore t:h:lr e-.1ch 
hck o.n bet r~:.tched by two p:1th!i tram 
tht! point of inici:.ttion. A time: of 1 ms is 
rc:OULri:'U for 2.1 fc of dt:tOn;J.ting COrd tO 

ck;on:J.ct:. Thi!i rin1~:: i!i not .:>ut!kic:nc ro 
:;i:;~llic:.mcly :.de.::· the: dd:.ty int~nr.1l be:· 
m·c:l:':l hold. 

When dc::con:.Lcing cord do\vnlinc:.::i lre 
u.:scd. dc:tQn:uion ot' r.hl:' c:otd in the: 
bb.srhole procr:::::-d.:i from~ chc:: cop do~:~.·n. 
Tni:i pn:.:sc:nl::i rwo di.s:tclv:J.nr:!g::s. First. 
Eh.c: dc:mn:J.tion oft:hr: cord m:1.v h:J.\.'c: :m 
une.!:::-sir..tbl~ c:!fc:r.:r on the: c:oludm·c:h~rfi:: 
:1S ic proct!:::d.::i do ... ,:n\•':.trd :mu the: .::itc::n­
ming m:1y br: [tJO:ie.:1d. Sc:cond. if the 

· hole i:; t.:uc off b!' bltrc.!::n rnovc=:nc=:lt 
· C:!.u.::ied by deton:teiun or' ::.ri c::.:riic:r hole: 

(Fig. ~) the: pawckr in the }o9..-t;.rpartion 
ofth~ holt:- will nor dt:tan:t!t!. Th~: U$e or 
::t Prirn:ilinc Prim:.tde~ dc:b.y unit ip the: 
hole will c.."'rrc::cr both of thc:!:ic:· prob­
lt:!rrui. 

The· P rlm:.tlinc: Prirn:l.dC:~ is :1 de!:.t y c:tp 
a!I:lc:hcd to :.t l~::ngrh or' +gr;fi; dc:con:lc­
ing ·cord. It is :J.V:J.il:J.blc: in bc~th mll!i:icc:· 
end :lnd long d~e!::ly pdo~. Th: 
Prim:tl~c: Prim:1dc:t is c:onnc:cted to thr: 

·trunklinc t~-·ich :1. pf:.tstic' c:onnr:t.:ror or :1 
doublc-t-.·r.tp h:1lf hicch. If the:: clc:hv 
p:rcrc:m oi ihr: b!:l!l'! is :rucl1 th:.t~ th~ 
number of :l'l.":lil:J.blr: Prhn:zc.!d de!:rv 
periods i:i :.tdc:qU:J.ce. :.tn undt:by~ 
crunklinc m:.ty b~:: u.::;c:::L The dd:tv or:­

,riud elf the 1."'.!.p tvcJulc.:!. chen be ch~:: d;bv 
pc::i!.)t.i or the: hole: •• J.~ :.:n c:.:-:::.mplc:. r; 
:J.rt:!in the: cl::!::ly p~rtc::n i..'i Fig•.1.rc: 5. 1.':lp 



Figure 2-Pqrenrial c_urqffs from .l·iack and tighr detonaring cord· line:!. 

dc:j:.Ly periods one rflrough nine ,...·auld 
bt: pb.c:d in the :.tppropri:lrt: holes ::md 
rrunklinc:s wouid conttin no dcb.ys. In 
rhki oicu:ltion. the d.d~r in· e\:c.r:· op ·
~·ot.tld b~ :.L~.'!U::.tc:d bi::r~re U'le t!.t':iC h~Ie 

~:~~t~~·:.t ~t~rt;~~d~;;:~~~:
Pr:im::.der 8 scc:::diiy bcirtg r~?l:u.:d b~· 

or,her nondt:!r:rric :.-y.stc~. 
;-\noilier :.tlrt:m:uive to obc:.tin che.dc­

l:.t~· p:me:n in Figure-.?. ::md :.~.void the 
~torr problem. ~·ould be- co use the: 
:.Lrr.n: ot:;uri:LC:e di::!:.t\'S :iho""·n in. the 
r1gu~e ~nd :m in-hcle'deb:r of:.tn id~n-
tic::.tl pc::iod in c-..tch bl:t:ich9lc:. For in­
~t:tnt.:e. if :1 75-m.:; Jcby i:; u::ied in c::.!Ch 

 
uuu::. :lflO tnc tru.r'Jdinc: d:::!:lv~ .:tre :::!c:h 
9 ms. the. d~.brs in :!li oi the hole:; 
c::."Cc:epc rhe ~·o re:.:r c:om:=r holc:-J ~·ur br; 
:.tau:ued qr::iort: the: tmrt hole: in the: 

.p:tccc:m l'lr!i:i. ch.~ :l.!le'oi:.ttin_q the: cutoff 
problem.' ~fore c:omplc:.\: p:utet:n:i in­
•·oh··ing both~urf.i.ce:md tn-holr: dd:t 'I.'.S 

em b.: cbignt:d .-v·hc:re dt:Sir.J.blc:. -~ 
·::Urcril:ltiV'c: me:t:hoq of obciningin:hclc: 
dd:.tys. wirh ~~romting cord hi to u:;e 
dd:.ty Q:)"!' primc:r.s. 'Lnr:Se ~rc CL:it prfrn..: 
c:xs ....,.ith builr~in ·nonc:!r::cr.ric millis.:c~ 
ond · d::l:trs. The:· t.::!.n b.: ::."Ct'Ung on 
dc::ton:1ring cord down!ine:; of .25 gr or 
more :md :1re p:J.rcieu:brly usc:rul in ob­
t.:lining multiple: . dc:.!::t-v·c:d . d::ck .:l'l:.tr,..,t:S .:. 
~·ich .:t .single do~;;,·nlin.e. It bc:-..:.rs recC::.it-
ing ch,:.tr dc:::t;: p:mo:::n::; invol\·i.ng -bach 
surr':lce :md in-holc:.de 1.,~-s em bc::;;omc:­
wh:.i.t complc:r·:md.sb:ouid be o.rdilll•; 
!:.tid out on . o:.toc:r bc:-fore :ll!c:l'lOtin·~ c; ' . ~ ' 

.i.n::;.r:J.lt them· in the: r1dd.. 

GEN.ER..U CON.SIDER.-\.TIONS 
T>Y'O oi tht: prim:uy :rd.\':tnC:.lges or' 

dc~on:uing .:ord inic.i:llion ~'\-~tc::ru ~re 
thdr ruug~nc::::.s :md t:hdr~~C::l!iici<.·in·. 
Thcv fu~c:rion >Y"dl untlc:-~c:vc:n-: ..:onJi~ 
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holes. They:tre noc;.-u:sce::ptib!c ro elt:t:­
tric:!.l ~. :Urhough lightning ts·:J.l­
'11.-:t::.s·:t h:.z.z:lrd while lci:tdirtg :ml· bb.st. 
Dcron=!ting cord is quire S:tfc: t'rom :1cc:i~ 
dt:nt:ll iniri:l.tion urull t:hc initi:l.ting op 
ord~l:lr conneaors :w:: :u:c.c:hcd.. • .I.. v:ill­
:lblc dd::~.y sysrems :.tre e.wemely fle..-c­
ib!e ~nr;! !~Oo:lbly :l.CCUr.l.tC". 

There :J.re seye:::tl dis:J.dv:~.no.ges· t:h:lr 
IrulY be sign.ifio.nc in ce!t:lin .siru:l.tion:5. 
Systems emplofing only .:;urt:tct: con­
nectors for c!cl:ly:s pres em ·~e porenti:ll 
for cutoffs. Surbce c:oruiecrors :tlso 
present chr:: h:l2Zd of :.tccident:Jl initi:l.­
tion by impact . De~on:tdng · r.:ord 
trunklines cre:;re ::1. C:On$ider.:lble :unounr 
of irrir:lting, . high-trequr::ncy :Lirb!.:lsc 
(noise).; In popub.ced :J.re-..!S the cord 
:;ho.uld b~ covcn:d wirh 15 ro 20 in of 
tlne tn:ltcri:ll or :lltx::nuti.,.·e. noi!ic!c;S 
.:.-ysrerr...s :;hould b~ ~cd.· Dc:ron:1ting 
cord do~nlines prc:sc::nr t:hc::: problem of 
ch:uge·or sremming di!irupcion. ~ di.-;­
cussed pre .. ·iously, mi.:; dc;:>end.5 on the
borehole diame~e:-. the type or' e:-::plo­
sive. :!.nd core loud or e.:cplo.si~'e in the
cord. The mt!:ln.:; of chccking me .:;ys­
cem is vi!iual c!:amin:lcion. 

Vehicle::; shou-ld nev~r p:L:iS .ove: :x 
lo::1ded hole oc:ousc: the d.:ron:.tting 
cord l.in~s m:IY bc::: d:umgd. roulting in 
.:i mi.:iri.re or prem::.run:: ignition. .J.. pn:­
m:.trur-; ignition ~ou!d rc;ult rrom driv-

Du Pone's D~i.ne Sy::.-rer:a i.:5 a re­
c:~ncly dey=Jopcd initi::ttion system th:lc 
is b:l.!!cd ori !ow-cne.."'D· c:ieron::liing cord. 
k functioos simil:triy to convenciomi
deron:::u:ingcorcb-ystc:m:i e.:cce:prt!:w.rth!:! 
trunkline is low in noise. c:iownlines v..ill 
'not c:ii.srupc the column of explosive, il: 
will noc ini.ci:Lre biz!:hole producrs. e."'l:­
cepc c:iyn::unices, :md:xll connections :u-e 
m:.1de with connec:roc;, r-..t~c::r th:ln 
knees. The fourcomoohencs . of the:: svs-. 
rem ::~.re Decline Cord. Decline Sort-
ers. Deel.l.ine ~rs Sur6ce Del:lys. :xnd 
Deo.!ine MS In-Hoi~ De~ys. · 

The Decline Cord (Deccord) is :t

2.4-grlfi deron:ttingcGrd who:;e:xpp6r­
.:~.nce is .simll:tr ro sl:!.nd:lrd· deromti.ng
cord. The cord is cuero lengcl1.::i required
for the b!:!Sr purrc:-n. This lo~~-t!nc:gy
c:ord, while low in noi!ie. h::LS sut"fidc:nc 
c:!it:=1:,'}' ro di.:!incc:gr-.J.t~ the cord upon
dc:::on:.~tion, . which is :ldv:Lnt:xgeous 
whc:~e conr:~.min:.ttion of ~1::! bl::LSred 
product rnu::r. be: :.1voi~c:d. Dc:::1corcl will 

 nee prop:.~g:J.re through::: knoc, which is 
why connc:crors :.m:: rt:quirt!d. To .splice 
:Llinc or co ~ke :1. nonc!e!:.L.yc::d conn<=c­
tion, :1 Dr:::::llinc: So-me: is requirc::d. The:! 
body of the: sort!::!:' is s~ped much iike 
:.z dip-on dc:mn:.td.r:l.g cord ·milllsr::c:ond 
dd:!y ~onnc:::t:ro.r, exc:?C rh:.tr the: :n.::rcc:r 
i:5 :ih:lped like: ::m :l.ITOW co .show the 

Figun! 3-T_vplcal blt.J$t pu~tt;tm u:ub :W!](J_Crt delay r:onnt!cror::: •

Figure 4--~fisj7re r:at.J.Sed by 
. cutoff from burden· mat.•emem •. 
clircction of decon:l[:ion. To .i:o;tke :1. 

splice. che ;:;o.rrc-r is connc:a:::d co the 
~o end:; of the D~cord using the 
:J.IUched s;l~"tooch pin. r:rt:l.king sure 

. th:!r rhe :irrow poi_nr:; in me direction oi 
dt::on::ttion; To m.:.tke: :1 t:onnection. the 
donor trun.L:.linc i::i hook~ inro che t:!.il 
of the so.tte:- lnd the: :J.CCe?tOrtrunklinc, 
orciownli.ne. i:5 hooked lrito the pointed 
r:.:1d of the= connc:ctor. 

Tnc:: Decline: System h:!!i provi::iions 
for both...,-uri:tct:u)d in-hole dd:J.ys. Th!::! 
surt:tce dc!:lv.s. which come in o<:rlods 
of 9. 17. 30: ~2. 60, :md -100 ~. :rre 
sh:l.pc::::llike the so.rte:- bu~_:u-c: colored 
:!Ccordi.ng co the debr. Tl1c: ~uri:J.cc 
dd:zys :1re :.!.h:O unldiret:tion:ll. 'tl.'ich the 
:.Ir.otv· $hO"-·ing t.hr: dirc:::::ior. of cic:cc:m.:.!­
tion:Ti"le :;uri':.c-; cic:bys i..":::l be hookC'd 
ir.co :.1 trud:lbr: in whic.!'! .::.::.: the!!" 
func-:ion bs .:;imif·•r to &~i: cr":;. :;und:!rd 
mill!:::t:::ond ~::!:! y conn~=.:or. Th~y en 

CONTROLLED 

DRfLL1NG. 

AND BlASTING 

PHONE (205} _849-5411 

BIRMINGHAM, ALABAMA 35.217 



reccmmended 
crimp location 

Figure 5-B~as[ing cap for LtSe u.:irh :mfe:y fuse. 

also be used ::IS st::J.rrer.s, cormected b~-.
rween the trunkllne :md d.ownline :u: 
the corhr of the bl:tSz:ho!e. In this siru::t-
tionch~deby::lffeasonlythc:dowriline, 
:1nq not the trunkl.ine. 

A Deoline MS In-Hole Deb.y re· 
se.'llb!es !l.Scnd:l.rci b.bsting cp e."Ccepc 
for:tspeci:ll rap dosure for insertion of
the Deo.corci It functions similarly ro .1 

sur6ce de.b.y. Nl.!l!!teeh dehy periods, 
r-.mging from 25 ro 1,000 ms, :tre :tv:J.ll-
::1.ble. The del:1y is connected ro the 
downline :1nd is inserted inro che primer. 

Hookup of the Det:ilirie System is 
. sim.i.I:::.r·~o convention;ll dc:toroting cord 

e~c:e::1r th::!.c COM~cror:s :1r~ u.s~d oche:-
c.h:l.n knees :1.nd righr-:mg!e c:on.nection:s 
:lrc: nor n~ce:;s:lry. When ic is time ro 
hook up, the De:::linc trunklln.: !s rc.=!c:d 
ouc.ove: the !r::::J.g!:h cif e..lc:J:l row. E:.tch 

oownun~ is

connc:ctc:d to 
·the: :urow end 
of:J.So.rt~ror:l 
$urbce dc:by. 
~e t:lil of e:1.ch 
 !'l-r::Lrt'er or sur­
l::X.ce: dc:.b. y is 
rhe.n con-·
nc:cred into the 

trunkline. Tht!opensiqes of the p:.~.a:em
m-e then connc::crcd.ln :1 til:lnner si.mi.i:Lr
to convent.ion:tl deton::tting cord sys-
te:ns· .using· bet:lcord ::~nd :tppropri:ue
sarrer.s :tnd surf!lce deb.: -s. It ls es.senti!ll.
th:lt all Dt:ccord-ro-De~cord connec-
Lions be .m:Lde with sc.rrer:s or Sl:lrf.lce 
del:tvs other th:m k.no~. · 

· The DeolineSysrem be:us m:mysimi-
.b.ritic:s ro.convention:Il deron::].[:i.ng cord
systems. Tne sysre.rn is checked our 
vis~y before flring. Combi.nirlg sur-
f:J.ce :md ln-ho!c: dc:!:tvs gives ::1. poai-
cllyunlimiced~um~~ofdc:l::tycombi-
n::uioru;. ·It is con venknt to build 
r='duncb.nc:y inro the :s:·sr~m. Ar flring 
tim~ th~ ~nd of rh~ rrunkl.i.nc: t::lil c::c-
rr:::ndlng .tram chi:! shoe is p!:ic~d inro rh~ 
:mot\.· end of :l.:it::lrt~r. :1nd :J.l'l d~::tric or 
fuse: b!:c;rlng C::lp is U...:it::tctl inro chc: t:.:.!.I 

t:!nd of cb c-:Son:c:r 
::md initi::Lced. 

The deton::.­
tion c:n=!'£.'Y ofr.hc: 
:!.-:-gr o~~cord 
t; :.ldcqu:lte to 
di.:iintcci!"'..!te u.'ie 
trunk!inc:. Eow­
c•:c:-. ·r.hc: rc:;ulr­
ing rru nkline· 
.noise i:; quit: 
!o't'l.·: rypic::dly 
:1b9ut l3 dB 
lo,.·er th:lrf 25-gr 
d~ton:J.ting cord 
in rldd tri:::ls. .-\ 
downline . of 

. Dc:t:J.cord will 
d.t::ron::trc: mo.::>t 
dyn:J.mitt::.::i but 
will not dc:~omtc 
mo::.-r w::1.rer gels. 
• .;. m::tjor adv.:m­
t:.!:ge of~ De?­
cord downline is 
th:lt irwill nor di::;­
rupc':l column or' 
bl:.!::itlng :tgenc. 
Dc:t:lcorq on b<: 

us~d ~ ::t tot::lll>-,-z:."te.rn or in conjunction 
y.-ich .some .:.'t:lnd::.rd de~omting · cord 
compone:'ltS. As with most nc:wer svs-

. rc:m.s. evo!ution:::uy cb::tngc:s m:l.Y oc:~~r 
in th.e coming ye:ltS. lt i::i lr;npol't:lnt th.:tr 
the: m:muf::tcrurer be coru.-ulced i'br rec­
ommended procedures for u,.sing 
Deocord. The m:muf.iauret wW ::tlso 
be: :1ble ro recommend which v:~.ri:J.tion 
of the sysrem best suits= particul~ field 
siruation. · 

CAP-A!."!D~FOS.E INm..-\.llON 

C:tp ::~.nd fus(! is che old~t e.:rp!o.sive 
inici::ttion ~-ysrem: howe•rer, its use h:ls 
dwindled .ste.:ldily. !!:S pri.m:::u:Y rem::r..in­
ing use .is in sma!I unde:-2..round m.!6es. 
:l.lthough a few l::trge mines Still use ii 
.Surf:i.ce :tpplic::Lt.ioos are limirerl to .sec­
ond:uy bl::l.Sting ::md r:he lniti:J.tion of 
detOO:lting COrd rounds ..... ·ith :l single 
·ao . . . 

seism·ograph? 

Large inventory of Instante! 
B[astl>t-l.ate Series II avc.iic.ble thru 
our Florida or New Y ark ·offices. 

One of Instantel's biggest 
U.S. distributors. 

Our re:ntal fleet consists of new 
and less than 1 yr. old units .. 

New and:~used seisma.graphs 
available for d?le or !ease .j 
purchc.se.: ::~ 

Call.or f:ax tod:ay for. more inform:~tion 

P.o. a~:x: 33o,, s 
Atlantic Bsac.~. FL 322.:33-Q.1 1 a

T-el. 904--241-401.$ • Fax 9'04-249-3292 

COlYLr'QN.E:."f!S 

Th~ de~on:~cor us~d in :1 op-:md-fu.s~ 
:.·vstl:!:n i.:; ::t sm::ill c::tosulc: i:h::lt i$ oo~n :lt 
o'ne ~nd (Fig. 5). Th~ t.oo::psulc: co~l::lin.::i. 
:2 b::l:ic;ch:l.rg.::md:thc::r-.::en::;itivc primer 

· c.h.:ugc: of c::cplosive. The pot<.< -de: clurg.: 
in rhc . C.:l.p ls' .inicbct:!d by :.t c9rc: or· 
tbmrn:tbie po't'l.·dc:r in ·the s::lfc:ry fus~. 
S:lfer:y fuse: l1:.!$ ::~n ::~ppc:::!.r:mce some.­
. wh:lr simil:lr co dcton:1dng cord e..,;cepc 
· th:J.r the sur6ce o( :i:l{eryfu.::;c: i:i ~moothc:r 
:md mer~ 'Cl.':.t:cy :J.nd the core: load is . 
bb.ck. The: t.:orc: lo:J.d ofC.::::ton:J.ri.ng cord 
is whicc:. 

To :l.:lSc;nbk'!l c:lp ::u;ci fuse. the: fu.:Sc: 
·is c::.rc:!U!ly" cur squ:.:.rdy :1nd ir>..::~:tcd 
Lrlro r.I:.~ t.-::.o until ic ;:li:L!cs ::!.Zli!"'.St the: 
c:~pl~.:;ive. ~brgc: in ch~ c.:p.~ Tnt:! fuse 
:;hould nc::vc:r .bc: cwisrd ::lg:lin.:it chi: 
e.:o:plosivc ch:1rgc in thc: c::p. The: c:-.lp ls 
r..hen cr:imol:!d n~ r..he ooc:n. end with 
:1n :1ppro~·ed~ h::lnd or c.,;nch aimpc:r. 
Tnc: crirr).p should bc: n·o more ch::::tn 
c.hrc:::·e!ghc.h!; or" :J.n inch from th~ opc:n 
end of rht:. op·.: 

FIET D .-\.PPllC.-DIONS 

Cum:nd:r. :ill s'::J.fc:cy fuse:: burn::; ar the:: 
nomlri:.ll ere of -10 sec·ft. Both c:!:unp­
ne$5 :J.nd _high. :lltir:i.ld:; will awe: che 
fus~ ro bum more: :>lowly. FU:ic: should 
be: te.st bumc:::! periodio.lly :;;o th.:..c t:hc: 

 bb.sce: on kc:-::p :.t record of its .:u:tu.:J.L
burning r-lce. ·f!!.St fi..l.\ic:.. h.:!$ bc:~n
bl:lmc::d for bb:;ting :tc:c:dc::~c:; bur t:hc: 

 br..:t i:i th::tt this r:m:iy if c::w:: occurs. 



Figtzre . 6-Cap. fuse. and fgniwcord assemb(v. 

Howe•;er, pressure on th¢ fuse m:.y
incre:JS~ its burning r-te. 

One: of the! most imporont con.:!ide:"· 
:ltions in the U::lt! of op-:!.nd-fusc: sys­
te:n:> is the: usc·of :1 positive:. :1pprovc::d 
Ughcing.mech~ni.:inl.lvl:ltchc.s. dg:lrecre 
lighters, c:ubide b.mp:;. or o~<:!r open
tl:un..:$ :lfe nCDc :1ppro~ed rbr !ighcing 
fuse.1£SH. ~ re3ul::u:ion:) .;oc:ciiv hotwin:: 
l.ighce::s. lc:1d spiete:s :1nd lgd~~~ord :!.:5. 

~pprovc:d ignition .sysrcm.s. The: ;;:u'c::::::c. 
most .:oncroll::lble lighting mt::bod i:i 
Igniccord. InSoum:Jric:-..1, "''he.::c :.;:J.r'c!:'r 
iu:;c i$ most cti:c::n ~old :!.:i :m :!.$.:Sc:::nl::,ly 
with :ln rgruccord conntc:or:m::.ll:hd, 
the::: s:Ji~·.:y r~cord w:irh c:J.p :md fuz;c: i::; 

much be.l:cr th:m it is in the: t!nitd 
$otc:s. 

Tnc: Ignit:J.cord connct.:cor r1r.s ·over 
the:: c:nd ·of chc fu.::;e :1nd i:i crirno~d in :.t 
tn:lnnt:,; :Simil:!.r to th'c op. 'figure: 6. 
.:ihows :J. r;:.-piol op·,fusc. ~nd !gnicicord 
:l.!iScmbty. The: o.p ~ an::.chc::d co the 
fuse wirh :.1 b~nch o~ h:1nd i:riinoa, :1nd 
nc::ve~ with m~·C~em or:P,tit::~:.;Whc:n 
crimping c.h~ op, are should b~mk.:n 
not co cri.mp m~ zone cont:J.ining tht: 

· powder. Thc £g0lt:J.cord connector is 
:crimp-ed co the othe:- ~d of ctl.e fuse 
t~:ich :.1.h:lnd crimp..;r. The tgnic:acord is 
i.n:)c:nc:d into the: notch. n'=".1r the ~:nd of 
the connector :lnd the: .notch is 'c!o.sc:d 
l.l:!ing the thumb-

To Sll:l.rd::J.g-.l-irut w::ttc::::-dc::c.:rior:ltion. 

it .is :J. good idco.l tO ~! oc"f :l :>hOlt lcnyth. 
dffu.sc:i immr:di:l.te!y bc:fore m::.kingC'..Ip-.
:lnd-fuse :l:i.licmbllc::::i. rn dc::dding the 
lc:::1.gc.h of fu$c to cur for c:1ch primr:r. the: 
lighting procedure:: mu.:;r be::: considr::red. 
f·•n.i!:lcord. is su-ont!!y n:::::ommc:1dc:d 
::> -

bc::ou.se of ic::; s:1fc::cy record. 
Whe::n Ignit:lcord is u.::;c:d, :~.1ch fu:;e 

must h:tve :1 burning time of at !t::".!St 2 
tnin. To m:1kc .:iure or'u.1is time, thc:'lwc::. 
ml.l!iC be: c:.~!ibr .. uc::d pdodit.":!lly by rest 
buniing. Th~ Ign.ir:.c~rd is :m::.chc::d to 
t.:.:c ·Ignit:!.cord coh.'1c::::ors in th.c: dc::­
;;irc:ci orccr or' rl.f, .... ,g. tf :!.tl t.hc:: fuse:::; :m: 
c:1c ::.ccur::.cdv . to the :;;:::'-lc k~:!~h. rh~ 
dc~in:::d ordc::r or' firing will be ::!Chic::vr::d. 

-
\'v'ith Ignic:J.cord, oniy one lighting bi 

rcquin::d bd'ore: the ,:;hct iin::: re::rum.:; to 
:.1 :i:J.fc loo.tion .. Horn·irf! .Ughtc:r"J :1nd 
k.ld$pt~c:::!) requtr~:: th:lr c::rch fuse be lir 
individu:.~.lly. The prirru.r:.r haurd or'u.::;­
ing. s:J.fety fuse i::; t...lir: cc::.c:it::nC'f of b!~t­
~:-$ co Unger too long :lt the: far.:r::. m:J.king 
sure: ch:J.t :UI the: fuses :!rt= Lit. To gu:1rd 
:J.g-.J.irut tfilii. :-..1SHA reg•JI:lrions specify 
 minimum burning timc:s for ti..u;d, de·
pc:::ld~g on how m:my fuse::; one pc:r­
:ion !ighr.s. r::c:c:p in mind th:J.t two pc:r­
::on.s :J.rc rr::quiz:ed to be..:1t the: r:.cr: while 
lighting fuse rounds. 
· Lf ::1 pr:r.Son light:s only one:: ~c::. c.hc 
minimum burrung time i$1 min:ior 2. to 
5 fu,-;r::; the minimum is 2-1!3 min: 'foro 
ro 1.0 ~c::::i c.hc:: minimum i.:i 3.-11 ~ min: 

• . - -- ·- •J 

min. One person. m.:r.y nor lighc more 
th.::r.n 15 fuses in :t round. Althou.,h 
individu:U .li.J::;e le.:1gt:h:; m:r.y be tr..ri~ 
for del:ty purposes ic is more cle:p~d­
:tbl~ to c:ur :ill the fus~ to ~ :::1m.= 
l~ngth. :J.nd use rhe .:iequ~ce-oflighdng 
to dcccrmine the flring sequence. 

To :~.void mi:itlres due ro cutoff fus~. 
iv!SHA requires rh:lr. the fuse in the b..it 
hole to fu-e is burning within the hole 
before the fm."t hole fJies. Kinks :md 
sh.:l.rp bends in the fuse should be 
:~.voided beou.se the·r m:tv c:uc ·off the 
poW:der~ut :md owe :J. rclsf!!e .. M.:mv 
p~oplc who use c.p :tcid fu:sr:.do~:s; 
beouse rh~r fe:d th:l.t:ic is simph:rto lise 
rh:ln otherinici:l.tion~-ysrr::ms. ijowever. · 
pro peruse of op :md fuse require=s :l.S 

muchormore.:ikill:mdore:!.!id1c'ochc:r 
!>"fSCe~. 

DEL~YS 

C:l.o . :J.nd fus.: is the onlv initi:ltion 
:.-ystem due ocr~rs nelc.hc:r r1e.:cibllity nor 
:lt.:CUr-J.cy in de!:lvs. B.:o.u::c: or' v:u'i:.L­
tions ln l:::ngms ~f fuse:. burning r..ce:s. 
:!nd time or' lighting the indivic:ill:li hole::> 
willti.rc:: :u c:m.tic imc:::-Y:lis :I.t bee. ::Lnd 
our of :)c::qu~:1.Ce :Lt WOr:st. !t i:; unpos­
siblc ro r.::~.kc: :J.d"-'!':l.nt:l£~ oi the: fogmcn• 
t:ltil?n bo:n~t'ir:s of m..i!fuc::::ond dc!:lys 
whr:ri. u.:ii.ng the C:lp-:!.n~-fu.:ie :.ystem. 

G~'l'L't.U CONSIDE.":t..i.TIQNS 

Thc:-e is no ::liru::lcicn in "-'hie:~ op . 
:r.d fu:::~ on br:: rec;)rr:.r:.c:::u.:ie::i. :!.:i ch.c 
t:-:~r ;;y;;tc:-:n to I..!$ c. Tnc:: :;ystc::n h:!.:i r.vo 

CVt!"'pO""'e:i.ng r1:rws-::-..:!ccur:-..!.tc ti.rn­
ir:g :lnd 6. poor .s:lic:cy- rc:::.:::rd. Tne i'onnc::­
rc::;ulcs in gener.lllypccrir-gment:ltion. 
:!. high~r incidence of C".J.tor'fs. :md ie$$ 
c::!lcit:nt pull of the: round. .lJI oi the::;c: 

f::.c:crs' nul!ifyihc- ~m!lU co.:o-c:~.dv:mt:l.ge 
ddv~ trom the -Ughtiy lowe: co:sc or' 
·the:syste:n componc:nrs. T!".c ?Ccr~fet:y 
rc:-..:ord :.tr:t:li.nc::d by op :md fu.:;c: i::i ·:l.n 
~ve!'l. mort:: .::icrioU!i do~·b:.tck. It is' the: 
0£'11y :;yste:n !h:tt requires th.e: bbsrer to 
:tctiv-.1ce the: bb-c from :1 h··7"~r00I.!S lo­
c:.rion :md then re:!:!'~J.r to :;:J.rert. Th~ 
u::t:: or' Igniocord r:1thc:r th:m. incixidu:ll 
fu::e Ughcing .:lllcvi:lte:Lthis problc=:n. A 
Bwre-.1u :sru¢y ll..:) d:::~e:mind th:J.c Ehr:­
:J.cC:dt:nc ore with. op ~nd fu:i~ is 17' 
time:;; th::.t of dearie b!:l.Sting, b:!.:ic:d on 
th=· numbe:- of unit:s u.s.:d. Too t:~c!c::n. 
the: pc:r.son lighting the: fuse: i.:i .:.1il! :It tht: 
f.l~C:: whc::n rh~ round dc::~On:l.td. Tnc::· 



:d~te.oating the round makes security 
more difficult rh:ln with other systemS. 

D.p :md fuse h:!s the adv:mt:lges of 

som~wfl=lc lowe:-compOz::1Cnt costs, ::mq
procection£rcm deci:rici h:l.=rds. if ::m 
ope:::z.ccr decides to use th~ c:J.p-:a.nd:" 

~-~~iti~l~ h~l~:.is_.:;~~~:~~~~ 
bc:ouse of its .s;fecy ret::ord. 

{Oi.ff Ave., Con.t'd fra~ page 23) 
property owner 'W:lS given a Iecrer in­
fooning t:h.em th.:J.r coJJStructicin w:lS·

going co beginandz:h:ttitwould involve
drilling:mdbb.sting.i·lrerchis, we o.lked
to c::::u:b. properry owner~d:lSked !:heir
pe.nnlssion to video t:lpe the inside and 
our.sidecfthcirproperty. U.su:1lly people 
were yery cooper.Wve. In a few .in­
sr:aoces, the property owner would c;mly 
:allow the outSide of the structure ro be 
video mped.ln one .inst:J.nce; the owner 
would .nee :ilia~ :my t:lping of the cue­
side or inside. rn these siru::r.tio.ns, we ·
m:1de note of the f:lct th.:J.c they clld not 
W':l.!lt us ro o.pe :;md kepc ic on f.Lle. 

For bl:J..st vibotion records, we iJ.sed' 
:m Inst:J.nrel DS-477 se!smogr:tph. The 

seismog~ph wns plAced :z.t the ne:uest 
st.rucrure to the bl:tst. Along with the 
seismogr:lph records, :z. bi::J.St log W::J.S 

kepcfo~e:~.chshoc.Arrheendofthcday, 
the rwowere st:Lpled rogeth_er:mdkept 
 in the job f.tle for :z.ny future reference. 

SELSMJ:C RE.StJI:rs 
The seismic results in T:J.ple 2 give :m

ide:l of the "typi~" r~ings oboined
 in ~ch of the types of trench shots. 
These shots were some of the clos6-r to 
e."ci.sting strucrures :md involve rock curs 
of 3' to 7' in depth. 

RESIDE:.'ITIAL REL~TIONS 
If there is one f:Laorochert:h:mmocher 

n::~rure th::tc Cl.t1 :Ufeq rhe progress of ::1. 

job, It h.a::; to be rhe hum:ln factor. The 
residents Iooced right on Cliff Avenue 
:r.lrody kneow· !h::tc over h::t!f of their 
l:r.wn would b~ gone, no access co their 
driveways for r.he bt;a:er p:z.rr of rhe 
summer, :J.nd :ill the noise ~nd dusr 
:J.SSod:ited with :r. ~n.Struction projea 
wouldnoc·b'e ple""..sa.nt.Addclrilling:J.nd 
bl::J.Sting on cop of this :md youh:l ... ·e the 
pocent.i:Ll for :1 mise;:r.ble project.~~ 

DIJrir:lg the drilling and blasting P6r­
tion of Cliff' .Avenue, Sweeml:Ul wenr 
OUt Of irs"'--:tyto see !:h:mhe c'onc~ Of 

the residenrs were bdng ::J.ddr~ed. 
We mainc:Un;!d. an ooen rel:ltionshio 
with the residents in~oived· ~ith th~ 
drilling :l.rld bb:inng on the:.r property.
If people ';lo":J.ntcd co se~ the ~powder~
we in:~. de sure the•tsll w it :J.."ld e:~:o!:J.ined
how we used it.. If they ~ked lbo,uc 
·m:.Lt blue: box:" (the se!smogrJ.ph), 
we-:!.."Cpl:!ine::i co thc:::n th:lt ic toid us how
much vib'r:lrion W"'..S be.:Og cused by 
the: bb.sring. T~c more th~ people :!!iked 
us :r.bouc· che bb.sting portion· of the 
project,. the more :lt c::::.se c.he•r se::med. 
We h:ldco·Iiscen co oursh:J.re.of-Whe:_1 
r '9r.l,S in the millozy-~ SFOric$ too, but the 
re:iic:!encs erijoye::! telling u.:: :bout rhc::n:· 
:1n0 

1.. 
we: .v·cre h:mov 

... , 
to ~tc!i. · · 

Sincc:!lll ofourshocs we::: :r.:!crt=d, the 
mas;: co!T'..mon re:;por'..sc of:. t!rst time 
·shqc _w:icc::hc::' W"'..!i -rs ttur .1!!?!" .• lc w--...S 
rh::: bigg~r compli.mc::.::c we could re-

CONO.USION 

Tnc bi:LSting techniques used on the 
Cliff Avenu~ ~ecor-...::trucdqn Project 
we:c desi~t:d to re:no~e :tppro:ci­
m:lte!y 5.:wo yqJ of pink Sicu.'{ Qw.qz~ 
ice for the construcrlon of :;. t1ve~b.ne 
highw:ty o.nd :til re!:lred t.inc::ground 
urilities. Of c.he 5 . .200 yd.l of rock re­
moved, l,OOO·yctJ c:unc: frcm :1 sh.:illow 
ro::J.d cu~ :tnd the re:m.ining -i.100 ydJ 
wo.s remov~ from the Stann sewer. 
s:m.it:uy.::i.ew.er,.:l.rld 'W:l.rc::r m:!ln c.rench-c::::;. 

Wirh the po~icive rr:sults of chis drill­
ing :md bb.:ir.ing project, the pubtic is 
slowly shedding the: nc:~tive: ::J.a:irudc: 
:l.:i$Ockted w1!h c:xplo:;ive:; :md rr::-..1llZ.· 
ing wh::J.t :J. Jdic..-:ti.e .::iC.:lc:ncc: the t::o::plo­
sives t1dd r::::illy is. 



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 
\hundred 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
em electric detonators are coated 
with waterproof plastic insula­
tion capable of withstanding 3000 
volts. Furthennore, 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 electric 

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 oflong 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 anum-
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-detennined 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 linaffected 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 

Cross-Section Diagram of Instantaneous & Delay
Electric Detonators 

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
minum 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 ofleg wires are coated
with plastic insulation. At .the
opposite end of the leg wrres
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 matenal, 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 electrical 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
capacitor 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 blast:i:D.g 
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 

that there is not 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 suf.fi-

dent diameter to rmnmnze the 
resistance of the circuit. Such con-

Wire Size and Resistance Chart 

Gauge 
Size 

Wire 
Diameter 
( inches) 

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

10 .101 0.99 
12 .080 1.59 
14 .064 2.62 
16 .050 4.02 
18 .040 6.39 
20 .032 10.1 
22 .025 76.2 

& 
Moveable 

I 
Environmentally 



necting 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 replacements. 

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. 



BACK TO WE BASICS
ELECTRIC INITIATION 

Part 2 
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 energy 
so that it will reliably fire. The 
power source, such as a blasting 
machine, provides the electrica1 
energy; lead line, connecting 
wires, and leg wires provide a 
continuous path to transmit the 
energy and the electric detonators 
convert this electric energy into an 
explosive initiation sequence 
described in the last article. 

1b ensure that these compo­
nents work properly requires
planning the biasting circuit
based 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 vo1ts, is the difference of 
electric potential measured 
between two points. It can be 
thought of as a type of electric 
pressure causing current to flow 
between 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 (0 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 volta~e 
applied divided by the total resiS­
tance of the circuit. 

I= _y_ 
.B 

In Ohm'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 olims, 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 
only in very limited instances, 
such as when an alternating cur­
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 olasting 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 decreru?es 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 
this 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 
Explosives and Rock Blasting, 
published by the Atlas Powder 
Company 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 mentione¢1. 
earlier, this resistance is the oppo-: 
sition to the flow of current, and 
from that description, it folloW:s 
that the larger the resistance of a 
circuit, the less current will flow 
in the circuit if voltage remaiJ:1s 
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 detonators 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 
path 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 :eossibili­
ty of ·partial misfires that can 
occur when some detonators 
receive sufficient current to fire 

. and others do not. A single series 
is also very easy to check for con-



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:. 

Rw1a1= R1 + R2 + R3 +· ... R.n 
Rtow 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 have 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 legwires 
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 n, the total resistance 
of the five detonators in series 
would be: 

Rwmt = 2. 3+2. 3+2. 3+2. 3+2. 
3+2.3+2.3+2.3+2.3+2.3=23.50. 

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

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 most cases, parallel circuits 
are a, very poor method to wire a 
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 a 
parallel circuit, the following 
equation is used: 

Rrotal-1 -1 i/ 1 1 1 
~+ ~ ... Ru 

R.totu is the resistance of the par· 
allel circUit and Rl, R2, are the resls­
tmcesofindiVidualdetonators. 

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

.L =-1 +-1 + _1 
RrotaJ. 2.3 2.3 2.3 

_1_ + _1_ = _i_ 
+ 2. 3 2. 3 2.3 

TABLE A Nominal Resistance of EB Caps 
Resistance in Ohms per cap 

LegwireLength Copper Legwires Iron Legwires 

12 II 1.8 II 4.3 II 

16 II 1.9 II 5.3 II 

20 II 2.1 II 6.3 

24 II 2.3 
, 

7.3 II 

28. 2.4 It 8.3 It 

30 II 2.1 8.8 II 

40 It 2.3 II 11.3 II 

50 II 2.6 It 13.8 It 



~=2.3=0.460 
5 

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 with 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 and these 

pie of a series parallel cir­
cuit is shown in the first diagram 
of figure 3, where 48 detonators 
wirea 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: 

R.r01al = 2. 3+2. ~+2. 3+2. 3+2. 3+2. 
3+2. 3+2. 3+2. 3=18. 4.0 

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 
Rmta~ 18. 4 18. 4 18. 4 

+_1 +....1+ 1 
18.4 18.4 18.4 

1 = _Q_ 
~otal 18.4 

From this calculation, it again 
can be seen that the total resis­
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 branches 

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
ably fire the shot. 

& SERIES OF 
8CAPSUCH 

CALCULATING 
RESISTANCE OF WIRING 

The preceding calculations con­
sider orily the resistance of the det­
onators and their legwires. In an 
actual blasting circuit, the lead line 
and any connecting wire used may 
also contribute 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 

contribution of the lead line resis­
tance and the connecting wire 
resistance is very small compared 
to the resistance of the ca.Ps. In 
very large series parallel crrcuits 
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. 

When calculating the resis-



TABLES 
Resistance of Copper and Iron Wire 

Ohms/1000 ft 

6 

l2iamm in In~:b~s 
0.1620 

Copoer 

0.39 

Iron 

1.4 

8 0.1285 l!.63 3.7 

10 0.1019 1.00 6.1 

12 U808 1.6B 9.8 

14 9.9641 2.53 15.6 

16 e.m8 U2 24.8 

18 0.0403 6.38 39.5 

21:'1 um 10.15 62.7 

22 0.0254 16.14 100 

24 um 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 
#1.2 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= 

Length (ft) X Resistance from Table 
lOOOft 

Resistance of Wire = 
600ft X 10.150hms= 6.09 Ohms 
lOOOft 

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 = 

2 X 750 = 1500 ft. 

R = !200..fi, X 1.6o Ohms= 2.4 Ohms 
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 
is 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 fue 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 <?f 
misfued charges when the shot IS 

detonated. 
To fmd the minimum, refer to 

a table such as Table 4 below 

TABLE 4 
Minimum Firing Current For Electric Detonators, 

from Atlas Powder Company's Explosives and Rock Blasting, 0 1 987 

CIRCUIT I DC POWER SOURCE I ACPOWER SOURCE 

Single Detonator 0.5 amps/detonator 0.5 amps/ detonator 

Single Series 1.5 amp U amps 

Parallel Minimumofl.O amps/detonator 

Maximwn of 10 amps/detonator 

Minimum of 1.0 

amps/detonator 
Maximwn of 10 
amps/ detonator 

Series- Parallel 11.5 amps per series 2.0 amps per series 



USING A BLASTING 
OHMMETER OR 
GALV ANOME1'ER 

Regardless of whether a 
blaster fires one electric detona­
tor per shotor 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 m ohms. In this 
article, the term blasting ohmme­
ter will be used to refer to any of 
these test instruments designea 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
fy when an ohmmeter must be
used. Most regulatory and safety 
standards also warn that only a 
blasting galvanometer, ohmme­
ter, or mul timeter designed 
specifically for measuring Elast­
ing circuits and designated as 
suCh, be used. Failure to follow
this rule by using an ordinary
electrician's ohmineter or volt­
ohmmeter can result in prema­
ture detonation, and subsequent
injury 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 ohrnrrieter, 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 
miiltimeters, whiCh axe powered 
by more common and readily 
available batteries, restrict cur­
rent with limiting resistors inside 
the instrument. 

Whatever type of blasting
ohmmeter is used, it is critical 
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 a:ffect 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 
ohnuneter in the field, it can be 
compared to the calculated resis­
tance of a circuit. Any discr~pan.:. 
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 sign of dirty or loose con­
nections, damaged connecting · 
wire or lead wires, or that one 
or more series is open in a 
series parallel connection. 

(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. 

(C)If 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 problems 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 multi­
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 



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

A blaster should occasionally 
check his lead line for continuity 
and measure its resistance with 
his blaster's ohmmeter, or multi~ 
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 rnA 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 detonators 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 a 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 el!-ch, 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 res/stanCB of s//ll!aclrlo detonatom 

&=--------------------------------~ Tots/ resistance of B/1/sad wires, connecting 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: 

& 24llx2.1 Q = 5040 =SO. 6 
4.000+2.250 6.250 

S = -.J 80 .fi = 8 . 9 8 . ~ 9 series 

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 2 7 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 s~ 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. 
'l.Wenty~ seven detonators at 2.1 
ohms per detonator produce a 
total resistance of 56 . 7 ohms 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: 
Rt= 6. 30. + 4. 00 + 2. 25 = 12. 60.

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

440 volts 
I= = 34 . 9 amps

12. 6ohms 
The 34.9 amps of current sup­

plied by the power source is 
ilivided 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: 

120 volts 
I= = 9. 52 amps 

12.60 

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 but­
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 detonators 
may or may not be loaded into 
boreholes. 

Another :eossibility 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 ohms between
series would not affect the cur­
rent distribution significantly
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 unbcil.anced 
series if you consider only the 
number of detonators per series. 
A series of twenty-five detona-.
tors with 16ft. 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 S2 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 connecting 
wire can be decreased through 
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 negligiole 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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