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THE WHITE PINE MINE EXPLOSIVELY INDUCED,
CONTROLLED COLLAPSE IEKPERIMENT

D. Craig Pcwson, Brian W. Stump, W. Scott Phillips
Los Alamos National Laboratory; MIS-3, MS C335

Los Alamos, NM 87S44
DoU, mm R&l)Ihgrarn

On %ptcm}xr3, 199S,the While Pint Mine, which i~ L}wnd hy Ckpper Rango (lmpuny,
ccmducted ihc first o!’ u plmned sinks d’ expksivc rcnmd uf cxisiing pihrs in ihcir uII(iciIgro\IIit!
mining opcrntions, The purpmscd this operation is to cvahmte the effectivcucss of pilhir
ruhi)ili%:~lii~nand roof collopsc for planned in-situ leaching of tho copper ore from [he r{d nuwsl
This ty~ d seismic source is unique in W a h~gc, (lduy Iird, cx~dcwivc source wus uxpcdd !0
hc followed by dltipsc of (hc mck inmwdidy ubuvc the explosion into tlw void cmml.



VW purpmos of ~hise.xporinmt were to 1)document ii type of minin~ i]ctivitywhich is
engineered to produce rvgioml seismic signals sin~ilar to unplat>~lednline co!ltipso events (Taylur,
S. R., 1994, Walter, W. R,. etrd,1996) and 2) determine the locations and ttxnpmd occurrmw of
aftmhocks inchwd by tho pillar rmwal pmccss,

THE MINE

‘1’lwwhite !)inr Mine k ]ocaltx! near i.akc $MpWiOrot~{hc [Ippw )>dtl$tlh id’ ~idlijym ill dw
vicinity of the town of White Pine, Michigan. ‘1’Itcsouthern shore of Lake Superior i.s
approximately 9 kikmcters to the rmtih of the townsitc, The arm is spurxcly populafc(l, ‘I’ourism.
hnrvosting of pulp wood t(w Piipr milling, ml dcdining Icvds of copper mining nm the rm~or
imlusffies in the mu,



.

l~igurc 1, A photograph of n (hrcc dlnwmlonal mndcl of lhu Whllc Phw Mlnc,
‘IIIc Whhc Phm,M1ddgtui townsitc, [Iw While Pine Rtull, ml the MU {d’
ind’JCCdCOIIUPSC!@ khtifkd stWC*UIUlWlllpOiWIItS I’CUdil~ hhdhb10 UIU

Ihc un[iclhd tnld which plungca[o thosouth-c~wundthe Iurgcdi@wmcnt
WhltL!IVnc nnrmd lhult (m IIN wuthmwe~llimb, (h.mlourhmwwd I(MJMm

IM’1’A ACQUISITION
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All seismicstationstriggcmdon the inducedcollapseevent andcontinuedto triggerduring the

aftershocksequence. TM sckmlc tracesrecordedat ST 12 wm cmtaminalcd w ith ~lrongGOHz
noiseIuhccd by gruundIwp with k clectriwd firing xystcm. Due to the facf that them was no
notlccablccxpredon of the collapacat thodctmudon poh~ tho video carntxadeployed ut ST13
was mcovcmdwithin 1 hourof ths wont to verify that theexplosiveshad ddonatcd and the
colhqwchad occurred, During nwovcry of the cwncrw Stump nohxl that uftcrshockscouhi be felt
andheardat ST13.

Data acquisitionpammctclxwcm chnngcd appmximatc-ly12to 14 hoursfollowing the mmin
collapseby inmhing the prc-amplitier guin. S[a(ionsat 2 w 3 depth of huriutsurfwwranges
ware incmascdto u guin of x32 und suttionsat Icw thun2 depthsof burial were incmascdto a guin
of x8. Duta wquirdtinn cominucd (’w upproxirnutcly36 to 40 hours ~ollowtng themain collapse

Local nndR@onal Seismogrftms

High quality thma wmponcnt velocity sck+mogmtnswcm acquiredat each of the Id stutions.
l:igurc 4 showsW Vertical, North&wth, und lht/Wcd vcloci[icsnl sIathm 13 (mrlucc ground
~ero) which huveIwen cumxtcd for in~trumcnlrcspunseundtheir ussouiutwlspectra. Al surfucc
gruundmu. h vmictd umqxmcnt uf’nwtion is a factorof 5 litrgcrthan k horiwntul
cmnpnncnts. At this scnlo,tho individual cxplodvc soumcsIn the pillars nm not msolvadbut
titilura ot’[ho pillars1shtdicnlcdby M high fmqucncyurrivnlson the wxticd c.omprmcn[. ?bsc

fuiluw tdgnds we f(dliwcd I)y n hmg pd(d sigmdwhich indkdti m hdtiut q)wwcl motitm

Msuchd with rdcuw O( tlw nuueriuluhovc[he working level, IMtuihxl undyds of the(IIIW
following k collapseevent showsM distinctaftershocksam occurringhnmullatcly afterward
(m with Ihc uxploslvcsignals,thosentlmhock events m not rcsdvcd nt tk gruphictovd *)WII ),
The spcclrnshownhcluw Ihc [imc twricsiu 17igurc4 indicale Iltc pdcd nu[uwof Ihu vcrticd
wnpuncnl ul twrfucwgruundzcrw lM.zontul tqwctrutit surfuccjyound zcru w asonthdly fltit w
5 I lz and cxhiblt r+sctrtdmodulationsimilur 10Ihc vcrtid conqwncnt.

Nhwhwk,.bwl(m
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ITgurc !5, Ilmc conpwtit Scixnnqyani WI t’ull rwxwd q~wlrn d’ rhcc.ollq)sc mm HI
STIO with Instrumentresponsemmovcd, Note the high fmqucncyt’uilureevents lendingw
the hm~er phcl colltqxwsignulon all componentriondtic slndlurrultumof ull spectru.

TIN frqucncv d ulhxshwk OWXIrrcncc AxxIycd n@lly tidluwhIg Ihc cdlnpsc cvcnl whh moIe
thun !XY% d (ho high quullty ullcmhock Iocutcdocwuting within 4 hoursof the COIIWW, The
iunmhdng It.)%of the high quulity Wcrslwkk Iocutcdoccutwd during isolutc.dswurnwof’octivity
through[I* wnmining Xi houmof network opcratkm. II rdmuldIw noted that WCI;wtyd 01’the
uftcrshucks rcwded were UIr,m thuu 2 orders of uutgai[udc sudlcr in umplltudc thun Ilk COIIUIM
event,
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Figureh, Three componentrcgionulsckmogrwn uncl spcctru of the cnllupxc cvcru ut
shdon EYMN (rango 202 km, 313 dcgrocsirzlmuth), high passfiltcmxld 0.7S I [7,. Pull
wuvcfuml spectminr.ticutethtIl lhc vcriiud o.Jmpuncnlix peakedhctwcctr1 A 2 Hz w
wasthe mu in Lhoon+itc mxuuumtncnts.

pilhm A ihc IIUUCAII ihvc ihc wurkhtg Icvd & produce tihmg Adc sigmds. Work
amlinucs on dotcrmittutkmof Incuiand rcghmnlmognimdcwrwiutw,l with dw White Pine
collnpmcvcat tttwl Ihc dutio!whip of MN uuqpdtudo to theurcucullupscdi [[ cunIw
4!1mt4mlcdIhld III(!explofive rollywmcn[d’ h? hktlk?d COlhipsc source (h% not proflucr
rcgkxud sAndc b@IL\ but tlwt the iwiulting cdlope cult lx cxpu!ukxl 10 bc seen
r@xlullyl

Athmdwkw IhiiI occur lbllowlng the collup,sctut M ICMI 2 ordcist)l’nuqylitutlcsnmllcr iii

Jlll~)lllUdL! tl)llll tlM5 ~1’OtllKl Iiklfkli f.jell~l’iif~ by Ilk Collill)SC. lltC tiWIUCliCy Of WCUI’IFULY

Ur the Urtel’bhuclts Lk!cllyb rupkll y fdlowillg (1K5WJllupse. “lIU!W* iWo 4Jbw*rvuliLms wlml be

u.scdIUIWUUCthut h would b cxtmcly dlfilcuh m uw uhwshocksM Impmvcdielcrcfidon
(IWrnnncd hy rc~iond obsorvntlonsl
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l:iguru 7, A plnn ml nortlt looking side view of prclhuhry nftcmlmcklocationsfor lhc Whi!c
I’inc ColhmseEmcIiINMt, Evcut lucu[ion~wc uivc.nby circles wkrc MA lilted circk hM:At:


