
LA-UR -85-3521

. . . . .

~ ,( N! ~ ..’(” >-- 31.)11/(:?(.;’-”-”“’” ~~ --

Los Alamos Nauonal Laboratory IS OpOfaled by the Umvem,fv of Cahfornm forthe United Slates Oepmlmenl of Energy under conlmcl W.7405.ENG-M.

LA-uR--85-3521

DE86 002388

TITLE INSTRUMENTATION TECHNIQUES FOR MONITORING
SHOCK AND DETONATION WAVES

AUTHOR(S) Richard D, Dick, ESS-3, Geophysics
R. Leon Parrish, Sandia National Laboratories, Albuquerque, NM

SUBMITTED TO 1985 Fall Conference
Grenelefe, Florida
November 17-20, 1985
Society for Experimental Mechanics (SEM)

DISCLAIMER

Thisrcpxi was pre~rdns nnmcotmto(work n~nmAby ana~ncyoflhUnitd SIma

Govcrnmenl, Nehher Iha Unllal SImGJ Government nor ●ny t~ncy IhareD(, nor my of \heir

empkrycq mnk- wry wmrmrly, omprau or implied, or meurnM sny Iegnl Ilnbllky or rqxwwl.

blllty for Ihc ●xmcy, compielenees, or uMfulncu of wry in(ormdon, hppw~iuo, prdIcI, or

procesn dhcloecd, or represents thnt itn urn would nor Infrlnte prlvntcly owned ri~hm Refer.

onm heroin 10 ●ny npaciflc commerclnl prooucI, p~, or nervia by trnde n-me, lrdemmk,

mm.rfnclurer, or oItrawIM dcw noI wasmily canfimule or imply Ilaendw-mnmnt, ~.

menddon, or fmvorlna by the United SIda Government or mry sLency Iherd, Tha views

●nd opinions of nulhors em- harwln do not naweurlly 11010 or mfkt th~ or the

Unhd Stntos Ocwwrnmem or wry qmrcy theraf,

Hy nCCITIItnIIt,P n! lh,s nrlIcln Ihn lluhl,~hr,tacognum IIW the U S Government r*ln,n8a nonmclwve toymlly.freeI!cennelc$publmh o!faptoducw

IIIP puhn~h%l lmn) d 1111~COIIIIII)UIIWI III II) allow OIIIaIn 10 do m. IDI U S Clovwnmon! rwrun~en

bwukalnm~Los Alamos National Laboratory
Los Alamos,New Mexico 87545

NsINBUIMIUW IN WUMW IS UMUMH[D ~
‘(

About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.

For additional information or comments, contact: 

Library Without Walls Project 
Los Alamos National Laboratory Research Library
Los Alamos, NM 87544 
Phone: (505)667-4448 
E-mail: lwwp@lanl.gov



IMSTE-~ATIOU TCCWIbJCS FOR ttOHITORIUC SHOCK AH@ DKTCWAHOS hAVKS

lichard D. Dick ●d R. lam Parrish

..— —

n dos:riba thrn tachniq+os for incmrrotmtint .
coaxial ●nsor eablo plaeod in tha ●XP1OC1VO ●nd
●t- e01u919 Tha tocimiquos prodticod tim-dismnca
data from which ths initiation tkm ariddctonctioc
valocity wars doto-in.d. TM propagation spo.d of
tha shock uavc in tfu St- COIUM was obcalna from
tw of tha mthods Kach nthod USOA a standard
50-; coaxial csblo Canly ●wmilabl.. .* discus.
ths baolc oparatlnt princi~ 10P of ●ach tochniqtia.
Lnscallscton proc.duns. ●nd signal racordirq
-mods Kxqhs of cpaeifm ●ppllrationm ●d t%
Lntorpratation of tfwsignal racordo ●a ● lso

discumti.

TCCMSICAL SSPWA?XOS ASO ttKTlkODS

In roci fra~ntation. cmrcial bxot Lw
●g.nts ●rK uosd. Th.ac ●8FAO01VSS ●ra ‘non-id-al.
that!0.ths●XP1OC1VW do not bAAvo aceordl~ to
steady-ataco thwrmlasl pradictiom bared cm
.qu11ibritm th.modynmiasof tho dotonctloh
productm. For thmm ●xploclvam. tho parfomtnea
dmondo on tltato.-holo dhmt.r. dmsifioatlon
duriu loadins. dowihoia t~oratt.ro. mist.ro
oontwita. ●nd initimtlon mt!md S09sa-rlcal
sxplosiios lmva Mm charaatcric.d [11 m tfu
laboratory tsprowldo basic dmrc on tfw ●o~y
relaamm Dlrocc uamir~nts of cha ●XP1OS1VO
●mrsy am noc M •OS~lislWd m th ftald. ~t s
good Smt Lmatm [2] GUI ba Mdo umin~ the mmstirod
dansity ●d tho detonation VO1OCLCY



eablo l.ngth u ● function of t~. ?Ym ●cond
nthod, 8LI~2E [6-S] (Short.d Location Xndication by

hwquaicy of KlOetrical E9mnmc0). utilizas tha
coaxialcabla G: MI ●laatt in en omil l-tor circuit
co Saua ● c-o in fmquoncy of tha circuit
CONkt@ f= S C-O h l~th _ tb 9UUOr
ems- TM third mthod,calhd PiIIpCObOS.
~- ~ tlmshortins ot MI 0p4n-circuit Eoaxid
cablo tttaCMd LO tha 4@o~iva cohm . mtortins
0CCUr4 * Cb4 iOltiZ~tiOllf-t a4SOCiat4d with CfMl
dmonation x8vo con~cts tha eablo mid or * it 1s
dafornd maehamcally . COU?R mnd SLIPU ●ccumtdy
provido ● centinuo@ record of nvo f mm position
u ● function of tin.uhilmpin probm provido
discrsto position-th values d6pcndioA on MM
-r Of eabloo wad. C9U?R 4nd SLIFC2 dm
prowido ●ccumto data on waw propqation in tha
-t-. but pin pmb9s ●a not useful for this ●ppli-
cation. mwm x49 umd on ● f au fragnntat ion
caststo dotamir.a ~tion within tha rock Mm durifi;
CYU blast with son mucc.m.

Sawml diftmmtt tywc of coaxial cabios ?wo
km USd . C~ coaxial mblom with s solid
dmloocrlc battmon CM cantm wira ●nd tha ■hiald.
inalu.li~ -St, EC-1)4. M-213, RO-21a. and M-223.
YIAVOprov.n adoqato Cor uacurmt of tha dotona-
t~on v=ioc;ty for MY ●pplications [91 ?hay ●m.
hoxwor, incdaqucm for cam. xha ● ch shock wavo
Mp.iitkda 1S 10U Spoeially mnfi~umd mbloa with
Mtallic ●l=4ath4.WJCh●s ?SJ1-50 wICh ● fOS=
dialoetric end tha HJa-SO with en ●ir diaLoctric.
havo b.m ~loy.d for apscid omm ?Yu lox9r
CNah cm~th (10-20 YfPa).to~othm with ● more
positivo short uhm the ●hiold is cmofud •~-inst
tha aantar wim, mckas them typac @f ombl.s far
mporior. ?ha loxm cinch stm~tb ●lso pomits
ua~t of tym●Mck w-v. U~Cd throuth tk
st~~ matarial. providing for M ssmmmnt of
tha cctins parfomcnm. Tsbl. I is ● li~t of
50-1:oablw Mod ●loq with fmturm Of ●ath end th4
t4cYmlquo U=ad

and inaludas thadmtm●aquicititm ●isotronioo. s

Uniowtor. and dsta roduation protran. ?ha
Uoroprooamor-ectitrollad unit pariodioaily •~l-s
30-: Smmor osbA i ●id storm thi~ info-tion m
Uima di~ital uord- mpramntinp tw-!my transit
tmm ●d om raal-tin clock data xord. aamolution
of the tuo-xay ,mnsit tine is 125 PS. rmdtin~ in
30-- rsmk-tiei of tha miatiwo mbio lm~th ovor s
mvoml hndrod rotor a~bla lmSth PUlmd TM

cauists of ● ●rlOS of PULSOS Cmn=micmd dm thb
csblo At tba start Of ucb PUlm . t clock is
start- in t- unit. Uh4n ths pulsa ancountors ttu

=-a in ~~a * tO cmahi~ . it cd locts end
p~-t-g ~ck to t~ unit- ?ha returnFUhO ir
datoctad. ● clock-stq Pulsa is i-ad. - tk
dcropmcossor counts Mt4 ●14ps4d tin andstor.s
thmtin in ~ry. ?hia s.quaco 1s -tad for
Uch pulso mnd tlu rmults ●ra Storod in long-lifa

-r? . ?ln attira #ynt_ is portabla md em M
.caily carried end dapl~yod b: 0110pamon. ?icum 1
la ● s:hnatic of tha unit and Op.ratior.. ?fu
lawctCOU?U units●m Capablo of intormgati~
tb sauor ●OO tins with pulm rat-s of 5-9o ...
?Ytisprowidoo 20-Mu M of mcor=img tim. ?7u

•~litu tmto des uPon thetWO-=W tmvol tin
of tha pulm of tba c-in~ lqth of ●auor end
SiVUl cablo . Othsrwiso. tts rat. ●hould ba
c~atiblo with tho dosirod resolution.

Tha mnamx units ●m tri~somd fra a 5 v
SICM1 ~.n.ratad by an .xcmnal c~tor-mntrolld
timing and firim (2 and ?) syatm. COnamlly, tha
unito ●a 9t4rt4d ● f- ~llisacondc prior to ths
detonation to pmwido bamlino uid initiationtin
data

Aft-r an ●xparimum. thacin-cablo ●hortenx~
data storad in _ry ara mdueed by hilt in soft-
xaro to provids dotonation volocity ●nd initiaeion
t- data ● fox ■inutes aft-r ●h= ●xpmrlmnt is
conducMd .

~lmo.d in ● ualibom ●ions tiaapsth xharm tha wavo
woiooitr MaN~t is to k uda md conncctod by
mammor cablo to tha data rscordiwlrduotian

tyata. Uhm tha•~lOSiVO detonation walority it
to ba ~itomd, tha Cabls 1s ~i43d in thablaot
-11 prior to loadingof thm ●XP1OS1VO. Cruohin# of
tfu aabla takoc phOO UP tk ●~\OCiVC COIW ss tYM
●IW1OO1VS datomtas, providing ● aontirumw r.cord
of thaahortmad aabh lar@h ●s ● funotion of ttm

?YwELIFU mtfwd of data ●cquimitlon utilicm
tha faot that for langtlulow than● quarter x4wo
lcn@k of ● cablo, tk oabie lnduocanoa 1s propor-
tiOl141CO l~th. ?h4 oabla. 4S th4 indu4tiWa
●i~t of m ocoiliator, mdul .toa tha fraqu.ncy ●s

● PMpOrtiOnd ===cura of shortod l~th. nu
fmquanoy is d ‘*CG;Y frsqumoy-mduh:.d (PM) and
is raoordad ●s m inCiottiOn of xcvafront posirmn
A skatoh of tfu basis 8LIPCS systm isdmpictad in
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Pisurx 2. A. ths eabla is CLUSM by thx dotonxti~
qlosiw, tin oscillator froqwnc y c~aa and
bxcaoo ● rxcord of thxSYU3CBfrontpositiol ●s ●

function of tin (n~um 3) aofora ilwtolhdorc.
the■yxt- iscalibmtxd by dhort~ thocabla xith
● pin ●t varioccc~sitloru alenq its l~th. T7n
rooulcc (Ficura ●) ●m quits 1in-r. providinK ●

S*1- and eonmnlxnt eonvomion fra Croqwcccy to
churcxd langth. TYu Yt9f mqcconcy of thamclllater
racc~asfrox 600 kYYoto 1.2 W. pamltting darivatioci
of ttca chortxd l~th ●t mieromcond intorvalo.
Excordicu is on onolo~ tape-: mu t-patrack pm
●mor. K.cordins tixm of 30 xinutos ●rx cvailablo;
tiu data can k r.cord.d frox tlmsUO1lbafom rha
●ChdUhd detonation tK (to pick prutturo datona-
timo). to xOll ●ftsr (rocordi~ any lato tixs
d-tonscimu or othor ●mctm )

Ttn pin-probo tachniqtiainve.lvoscho shortinf by
ionization or mechanical cmchins of ● coaxial catila
.l.ccric:,llyctcorKodby s pulm-foml~ natwrk.
Yi~uro 5 is thochorgMcS circuit and tha pulm-fOm-
Lng nctxork. TYw cable is an opan circuit that is
Configurod u ● A LC* At clooum. eurr.nt flows
in tho pulso-fo~~ natmork ganorating ● pwls. in

CM si@allino thatin turn la mcordod by t fast
oocillocc~ or trmsiont si~nal rxcordsr. This
pulso rxprasxncs tha●rriva L tixc of on Lonix.d
frent; by pLsci~ ●voml cables tamhac ir~ ●t
dlfformt spatial positions within tha SXP1OSLVO
cho~o. tha wrival tbms of tha dotonotion f rent ●t
Uch of ttw piN or c.bla ●da ●g detmminod. TM
slops fmx thoplot of tin of arrival vormm p09i-

twn of tho cabh .nJ isthedotonatban velocity
Ttu pins provido r.lhblc dots that mnltorln~ ttm
dotonatlon but●rc●rmtie in othar umm.

f~lCQ1lY. RfJ-17tcomxial Cabla is used ●s tha
pin-pint+ wit-a In ● wcpmtmnt. tho opm-circutt
md of m..ral KO-i7A csblos ●re ●tttehod to ● plam-
cic or xoodcn rod ●t ●cc.rataly namurad lomtlons
Tho rod 1s insortod in thaboroholo. ond than tho
SXP1OS1V- ●d ●tm mocorial is plac~ in tha holw
TM ads of ●ach aabla ●ra conrmctod to ttrocirc..it
box concaini~ tho chargmt volca~a circuit and CM
pulsa-foml~ nmtxork Sach pin proba 1s than
connoctsd :0 a si~nnl eablo

APPLICATIGMS

Iyplcsl Oppllcatlons of ●r.sor cablma Ln oil
SFA1O f ra~tntlon ●.parixmcts [10.11] ●c dxpictod
in Figurm 6 ●nd 7. In ●ach cam. tho ●onmm ●m
~lacod in tha blmtnll with tlw●nd● knm
diatonm M1OW or umppod ●round tha dotonatorl
btator tyatcm. Wichomd in plmc. ●d pullad tat.
TYN blastuoll la than load=d with ● aol~ of
●xplosiva and ● COAUM of stm ta conflno cho ohar~o
oxpcndi~ on tttsmcordin~ tsohnlqua, thosonmmo
sro cocumctod to ●lchor tho COKHKI mitm, thxSLIFCB
●lmccronias, or thx pin-pro-w boxm

bih.n ttco●CP1OS1VO 19 dmtonatbd. tha mmmor

cablo is cmdwd ●t thxdstonstorlboootor Iscation
pmv.dinp Cha tin of initiation. Tha COKKTKK occd
BLIFU mblas ●ro emshxd oontinuouoly st tho
valocity of dotcnatlen. TM pin pmbos ohort m ctm
lonimd detonation front intsraopts ttmepm-siroult
ondmof tha mnmom Cmshing of tho cablo contimm-
Chrouah tho scmln~ COIUM providin~ t momurexmt
of tho dacrami!c~ shock xova voloaity in ttw●tm

xxt.risl. Pisccm 7 illustrates tha plac~c of
mccoor cables in gmut.d ●tol1it. inm - C bolos
to=ctitor mtion and chock wcva propwmtion in ttm
oil●kclorock.

ACIidoolizd 9i,cul mCOrd , *iCh Xi@t h
obtain.d fra .lth.rtlca$LWZQ or COKKTKK xsthods.
is shoutttn Yisurt S ●lorq with tiu tmt ●moxstry
Uhxn thx axplosiws im datomt.d, thasmxor is
Miatoly cmahed by thx boost-r ●t tlm 0.1 ~
Lavol. Titssxmor conticums to cm-h anothor 2.5 m
●t UN dxtonxthn mpood of 5.65 WS Ttcon,● sig-
nificant chmKa h S1OPX occurs SC tho ~losiva-stm
intorfSC. indicstlnK ● dacroaS ins 9hock uova valoe-
ity in t% sta= columt. Eventually it YU3UCaS t.
n.orly zom ● cho borohol* collar. In this taat.
t,-maxumd datorution velocity indicat.d the
sxplosivm uorfomd ● ●xpact.d ●s did thx SC-
mt.risl. mix folloxing two ●XQ1OS illust-m-
d-vhtionc frc7xtha naml or c:assic bahaior.

Xmt ~ ●

tmt B-4 UXD ● flv.-bomholn cmtaring md
mcbblization ●por~nt in oli shsla. Four bora-
holm wxm locamd ●t ttm commrs of ● •q~ara
●pproxLmoLoly 3.5 m on m #ids ●ad ● bomholo in thm
cxntar. ~i~ura 9 llluc*rata tha tast ~g~try ●nd
tlm COBKTKK smmor plac ~nt within cho boraholo.
Thx bomholo d.pth xxb 5.0 ■ ond tho ●cplosivs
Coluul Was 3.5 m rSJ1-SO and K-174 coaxial cablm
xoro umd w mmmrm Pin proboa ~m ●lmo .m.d to
=anitor ths dotomt ion xovs in ●ach borahoIo m.
tlmm-distanca plot ●houn in Yi@ra 9 is a c~uaito
of tha ●iSnal racords froX ● ●onsor cabls in ●ach
boroholo. Alm shcmm la a pin proba tin ond loca-
tlOn point. TM chArKo CCIMM in tho four cornor
holss datonat.d proporly. ●s not.d by thx 5 h.s
v.locity frox tha plot for sansors K3 throu~h KS.
Y90xowr. tha ●isnol f rox tho K1 mnaor indlcatod
iSrOpOr d~tOnSt16n Of t~ c~nt~r-hoh ●cp10Slvo
loadirq to thx conelusion thot tho boroholo con-
tsinod ccndotonatod●XP1OSivo This Comclumion wam

varifl.d during ● caraful po8t-taat ●xcavation of
tho emtor

Thx ●cond ●xqlo shows tha 9LIPEI ●ysta :n m
●xp10sivs ●valuation tm: A bla-tnll O 15 D m
dhxotor ond 12 m depth wm drillad in limsto,.a
A iUa-50 ●ncor cablo wm tied to tho dotonstor~
boostor. ond ● O 95 n langth ““sausag~..of xotor-in-
s.1 ●MPAOSIW*●d lowgrod into tho x.11. Losding
xx. contlmmd with a 2 S7 n lan~th of AKFO prills.
●cothm 0.9S ● of g-l, 3 S1 m of AMPO, 1.07 m of
s01. ●nd 2 74 m of cmohad steno stWIns. TYU
wxllboro voo ‘“mokUcSwatar. i ●. thou~h it xos
doxotomd prior to locdin~, wotor aoxins into tho
wail botm tho loadins ●nd dotcmtion wr!oouf-
fiaimt to xct tho bottom portion of cho mll. Ttca
ELI?LK rooord iB ●hom In Fisuro 10. ~ dacocmtion
voloatcy tnrough tho lou.r ~ol WCS 6 10 hls TM
uxvs valocity alouod to 0.61 ksfo throush tho fir~c
1.27 ● of u.t AKPO. lnoroosod to 5.9a wo in thg
first O.ad m of tho next g-l. droppod to 3.96 ~J~

In tha next Lntorval of AKMJ. th.n dmpp.d furtha
tO 1.94 kW~ in tho topc-l.●nd daoroam.d with
dlctonao ● ittravolod throuSh tha 3 74 n of
ot~~.

tho BLIPCU maord providti an ●cauroto

●momsrnnt of tho test Tho roductl=n of uova
voloalty icItha uot AK70 co lomm than eritioml



detonation wlocicy sbou.d ch4t dsfl-ration rattir
tfbxnAOtonatioa bxd Occurred. of w9n :raacor
~-co w th obsatwmion thAttb9XCt4~ywas
stillXufficialttod,tonxtothanext●xusagaof
xxtar-in-gsl ●lurry ●t its no-l tmlocity. Th
Axtomtim mlocity of tin Mm Antarval of AEYO Xxs
no-l . B0U4war. Mix top Sauqo of Water-in-gol
daf Iagratad. indicat~ that brid@ng bad probxbly
8cctu-md dur~ loadi~ (ths ~lmad lqth of
1-07 = rsthxr thm 0.94 = ●lso indicawdbri~ing).
This is xn Q1. of thx dxxtority of khx mxxum-
rnt md ths bmafit of ucing tln 1L74-% ●ir diOl.c-
tric cxbla with lox (10 l@a) emsb ●tranqth.

nKlm9 11 ,bom ● pin-mob,record AO MCll six
-174 -i4’IiiZatimpillcablia u0r9 phC6d in a cOlm
of 7Wf oxploaiva St 0.S D intotwalt. Xuh fut-
riatng puloo is an ●httrical short ●t tin tin tha
datonmloof rmt tmrivad ●t thx sauor location.
A AtonxtionVdocicyof 4.M -S WA- Cmtod fmx
thic WOrd . -icb c~mws wltb 4.●4 WS dotoc=lnxd
by CDUT8X . XxCh Pio -9 cfurxd uAth ● ILqatlw
24 v And Yt4d● d4tay Colutalt of ●b9Ut 100 M . Thx
rim ts U4s approxiMtalJ 10 s. mm ●r9 vary
cod Axts ad pmvida m ●ccurato nxmrxmnt of t%
Volocicy

XumAxx

Yba cacfmiquoo daserib.d rxptwont thma nthods
by ~ieh coaxial cables ●a uc.d to xmitor the pcr-
fO— ● of axplooiva md ●. coltmw in ● wllbOm.
Thx COUTKX xnd 8LIYXX toaluiiquasptOVid4 ● COn-
cinuouo meord of th9 -w9 propuat ion. -11* Pin
probxa providx ● di-centinuous r9c0rd Hauxvor. pin
probm rxquirx thx loam _nt of ●19ctronics md
rocordind Xquipmlc . ILI?CI rsliaa on a cltm~a in
fr.qwncy ● a functim of cabla shortminx te
pm~lti th9t--di0tanc0 tits.+11- COXXT3Xraliat
en pulmod TM Mthods Tha x4th0dc●-a●cumtc.
varmtils, md ●MY to install
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