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THE WHITE PINE MINE EXPLOSIVELY INDUCED,
CONTROLLED COLLAPSE EXPERIMENT

D. Craig Pearson, Brian W, Stump, W. Scott Phillips
Los Alamos National Laborsatory; KES-3, MS C33§
Los Alamos, NM 87544
Dok, C'TBT R&D Program

On September 3, 1995, the White Pine Mine, which is owned by Copper Range Company,
conducted the first of u planned series of explosive removal of existing piltars in their underground
mining aperations. The purpose of this operation is to evaluate the effectivencss of pillar
rubbilization and roof collapse for planned in-situ leaching of the copper ore from the rock mass.
This type of seismic source is unique in that a lurge, deluy fired, explosive source was expected to
be followed by collapse of the rock immediately above the explosion into the void created.

Charactetization of this type of mining source is of interest to the CTBT R&D Seismic Program
due to its unique properties. These include the controlled nature of the source in time, location, and
muagnitude, the fuct that the source is located in an active region of underground mining, and that
natural collapse of large portions of this mine have occurred in the reuent past. The Mine operator
is concerned with the characterization of the vibration induced by both the explosive and implosive
components of the procedure and determination of the depth to which chimneying ol the roof
proceeded.

This report will docoment 1) the reasons for conducting, both the explosively induced collapse and
the Los Alamos National Lauboratory CTBT R&D Experimental Field Program experiment, 2) the
locul and regional seismic, ucoustic, und videographic data acquired, 3) analysis ol the
explosion/collapse seismic signul genernted, 4) analysis and location of the uftershoeks associuted
with the collapse, and §) conclusions made concerning this type of mining explosion in relation to
verification of 4 Comprehensive Test Ban Trenty.
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The purposes of this experiment were to 1) document a type of mining activity which is
engineered to produce regional seismic signals similar to unplanned mine collapse events (Taylor,
S. R, 1994, Walter, W, R., eral, 1996) and 2) determine the locations and temporal occurrence of
aftershocks induced by the pillar removal process.

RESEARCH ACCOMPLISHED
THE MINE

The White Pine Mine is located near Lake Superior on the Upper Peninsula of Michigan in the
vicinity of the town of White Pine, Michigan. The southern shore of Lake Supetior is
approximately 9 kilometers to the north of the townsite. The arca is sparsely populated. ‘Tourism,
harvesting of pulp wood for paper milling, and declining levels of copper mining arc the major
industries in the area,

The teerain varies from relatively flat lake coastal regions incised with small rivers at clevations
ranging from 600 to 11O feet above sea level to semi-mountainous to the west and south with
clevations eanging from 1100 to 1ROO feet. Vegetation is dense and poses a high degree of
hurdship for deployment of seismic equipment. Weather conditions are wlso extreme with high
remperatures and humidity in the summer and very low temperatures and large umounts of luke
cftects snow pick in the winter,

The primacy mineral being mined is copper which was hydeothermally emplaced into folded and
fuulted, low grade metamorphosed, meti-sandstones and meta shales of Cambriun age, Figure |
shows o map view of w mode) of the local geological structure at the horizon of the ore budy, 'The
well known White Pine Hault is a large normat Tualt that steikes at 131 degrees (South-eist) and
dips steeply at 221 degrees (South-west) and is evident in the Tower left quadeant of Figure 1. The
White Pine fault discects a large anticlinal structure which plunges at approximately 10 degrees
along a strike of approximately 130 degrees (South-cast),

The undetground workings ut the tmine, show as w i view in Figure 2, we extensive, with
rough dimensions of 8 km by 9 km. Historically, portions of the mine have collapsed "naturally”
and are denoted by dark black arcas it the tigure. The naturally collapsed aroa in the north central
pottion of the mine has collapsed slowly over a period of mnny years, The collapsed arca south
west of the White Pine Fuult fuiled cutustrophically, producing u locully felt curthquake und
extensive damage to underground mine structures (St Doy, personal communication 1995). The
controlled collupse documented hiere s the tiest of its type in the White Pine Mine,

Recently discontinued opetations at the mine telied on ore emoval by Qe 1oom und pillae duing
technigue with subsequent movement of the ore 10 the surfuce {or processing, A number of
factors have led to the recent declsion to discontinue the room and pitlar operation and to begin
investigation into the efivetiveness of pillar cubbiization and tnesita leaching of the ore iady
remaining in the pillars,

The initlal pillae removal operation was conducted on September 3, 1998 at 5139 PM local time
(202180038 UMY, Prior to the shot, LANL personnel tielded a setsinle network designed to
characterize the near sonrce wave propagition elfects and (o determsine the locations of aftershocks



Town of White Pine
White Fino Fault Area of Indyced Collapsc

tigure 1. A photograph of a three dimensional made! of the White Pine Mine,
The White Plne, Michigan (ownsite, the White Pine Fuult, and the sren of
induced collupse are identified. Structurul components reudily identifiable ure
the anticlinal told which plunges to the south-cast and the large displacement
White Pine norwal tault on the south-west Himb, Contour interval 100 feet.

associated with stress redistribution following the explosive pillar removal, Seventy two (/2)
pillurs with average dimensions of 6.1t by 12.2m were loaded with an average ot 1,807 lhs of
explosive per plllae for a total explosive souree of 130,068 (hs, A millisecond delay Giring pattern,
325 milliscconds in length, was used to mindmize vibration effects st the suiluce and propugate the
collupse toward the unmined fuces, Note that this preliminury test event was designed to e only
/4 the Nize of futwie full sealo panc! blasty (St Do, 1995),

DATA ACQUISITION

"The arcal extont of the solsniic notwork 18 showa in Pagure $ while pertinent statdon location
information refutive the ground zero stitlon are listed in Table 1. The network was designed
primurdly to wid Ju the detenmination of the extent o whieh chimmeyling of the ovedylong ek
propagites (ollowing the pillur removal, ‘The lovel at which the explosion occuried iy
upproximately 330 m below the surtuce.

Twaelve stations of the seisinie network were distedbuted incaztomthe and sange out (o wppondimatedy
OO0 m (3 Depth of Burlud ). The thicteenth selsimie stdon wan locuted an a inge of
approximately § Km tw prinuuily secord the electideal shot break signul and secondarily to
charnetorize the wavefleld as it propagates away from tae soutee rogion.  fiach station was
Instramented with a six ehnnnel, Refraction "Fechinology Maodel 72A-O8 data logger which wis
continuously lovked to GPS Irosdeast tmingg siginaly tor udeguate thning secaruey, Mg
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Figure 2. A plan view of the extent of underground workings at the White Pine
Mine, Hachured arcas indicate room and pillur mined arcas while black
indicates fuiled pitlar arcas in the mino, The failed area outlined in the lower left
quadrant on the hanging wull of the White Pine Fault was a catastrophic event
which generited regional signals in Junuary of 1989, All other fulled areas huve
oxperioneed stow fuilure which does not generide large scismic avents,

Table 1. Azimuths and distances {rom §T13 (surtace ground zeto) to other stations.
Muagellan Map Datum WGSE4,

STATION BACK RANGE Latitude Longitude

NAMEL AZIMUTH (km) (dog min) (dog nun)
T e 5T T e

ST?2 157 0,701 40 41,08 R0 30004

513 191 0,970 40 43,27 89 30.20

ST4 100 0,980 30 43,20 89 29,03

STS 39 1104 At 44,33 89 29,53

STO 119 (.585 36 4303 R0 29,70

ST7 253 0,459 46 4371 89 30,48

STH 298 0,782 40 4308 R0 30,04

S19 200 0.020 40 43,05 g0 30,5

STI0 KUK 0.5, 40 43,04 §9 30,08

ST A 0727 A6 44,00 89 30,50
P 3007 46 44,0 KA

R Y K N e AG AV 78 BOIT0T




adoad (/T8 LT 18T Ve T gLk
| iy . et . __j
k - : .
1 T
padaol .. [l a B TN DS S A 8 R A O OO O O YV 7Y
1 - o .

i-_j_.JL_;
-
] |

. i 44 - - wh P lerl <L
g ..a_{.o.o . - 1= '} m ulmq
. T § e A uder e} s o) .lr {—
Tk e
;'”1;.5. - _I - W +“ PR
e -|u+--u....| ...' o .J..-?-.--u-. ...‘....?.....1........““ ..... R T P
'P0 P[5 N T O O I O O I Y Y'Y
- - .

! i
T Y . l drad e ...4: 4 pere
L :
|
i

i
i .
T

Gasting (Mine fieference) Feet

Pigure 3: Bxporimental design tor the White Pine Mine lixplosively (nduced
Collapse Lxperiment, Only that portion of the underground mine that widerlies the
neie source selanic network is outhined with a dashed fine, ‘The pillaes that weee
blusted are alsv shown In the center of the figure. Selsmic stitions were locied
wlong existing roads and survey lines due o the density of vegetution in the wen,

component, 1 Haz, Mk Products Model 14-3C geophones were ticlded at ouch station and u 4
component, Verea Tech SSAT02 nceclerometer was fielded it S'T2. Al sitions were
progranmed to record event triggered dita using a STALTA wlgordtiun with the exception of
ST13 (neur surtuce ground zero) which rerorded continuousty, All chunnels sere taitlally
programmed to record with unity gain to avold clippiog. In addition to the seismic stations, a 1t 8
video canwen was deployed at $1°13 10 document suefice motion and aconstie siguals,



All seismic stations triggered on the induced collapse cvent and continued to trigger during the
aftershock sequence. The Seismic traces reconded at ST12 were contaminated with strong 60 Hz
noise induced by ground loop with the electricul firing system. Due to the (act that there was no
noticeable cxpression of the collapse at the detonution point, tho video camera deployed ut ST13
was recovered within 1 hour of the event to verify that the explosives had detonated and the
collapse had occurred. During recovery of the camera, Stump noted that uftershocks could be felt
and heard at ST13.

Data acquisition para neters wero changed approximately 12 to 14 hours following the main
collapse by increasing the pre-amplifier gain. Stations at 2 1o 3 dopth of burial surface ranges
were incrcascd 10 a gain of x32 and stations at less than 2 depths of burial were increased to a guin
of x8. Data acquisition continucd for approximately 36 to 40 hours following the main collapse.

Local and Regional Seismograms

High quality three component velocity seismograms were acquired at cach of the local stations.
IFigurc 4 shows the Vortical, North/South, and East/West velacitics at station 13 (surface ground
sero) which have been corrected for instrument response uad thelr ussociated spectra. At surfuce
ground zero, the vertical component of motion is a factor of 5 larger than the horizontul
componcnts. At this scale, the individual explosive sources in the pillars are not resolved but
fuilure of the pillars is indicated by the high frequency arrivals on the vertical component. These
failure signals are followed by a long period signal which indicates an indtial upward imotion
assuciated with releuse of the material ubove (he working level. Detailed analysis of the duta
following the collapsc event shows that distinct aftershocks are occurring inunediately afterward
(as with the cxplosive signals, these aftershock events ara not resolved at the graphic level shown),
The spectrn shown helow the time series in Figure 4 indicate the peaked nature of tho vertical
component it surface ground zero, Horlzontal spectra ut surfuce ground zero are essontindly flut to
S iz and exhibit spectrul imodulation similar to the ventical compouent.

Figure 5 shows the Vertical, North/South, and Fast/West velocities at STHO which have been
corrected (or instrunent response and their associuted spectra. Station 10 was ut a surfuce range ol
0.5 km from surface ground zero and exhibits the otfect of slant range on the relative amplitudes of
the vortical and hiorizontal traces, In the 0.7 o 3 11z band, the horizontal components exhibit lager
amplitades than that of the veetical componeat. Longer pedod fisst motions of all componenty ace
consistent with u collupse event located to the south-vouth-east of ST10.

Rogional seismograms of the White Iine Induced Collapse were recovered from staions a ranges
(rotn 200 to 1000 km. Plgure 6 shows the Vertical, North/South, aud Bast/West velogities
stution BYMN (runge 202 kay, 313 degrees wzitnuth) und thedr assoeinted speeten. High signud w
nolse ratio body and surtiace waves ure evident in the data which huve been high puss filtered at
.75 Hz. Spectra of the reglonat components indicute that in the 1o 2 Ha band, the venticul
companent has the largest amplitude. Detalled analysiv of the fiest motion shows thin the
compressional P artival ix very impulsive with a dominate fiequency of 1o 2 He,

Adershock Loacationy

Al data recorded by the 12 station network were tised (o associate afteeshock eveats which
wigggered ut least 3 stations. This compruational ussockution process und subsequent anafvar event
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Figure 4. 'I'hree component selsmogram and spectra of the collapse event at ST'13 (surface
ground zero) with instrument response emoved. Note the high frequency failure events
leading (o the longer pesiod collapse signal on the vertical component and the poaked nature
of the verticul spectrunt.

creation und quality control provided o set of 85 aftershocks which were located, Both Puand S
phuses wore picked und clussified weeording to quality and polurity for cuch stution und cuch event.

A velogity modol was created based on retlection surveys provided to LANL by the While Pine
Mine, This model was used in conjunction with the shot brewk information recorded at ST12 wnl
first motions ut ench stution o provide stadon corrections due (o static effects of elevation und
weathered layer thickness. A relative location algorithm was employed with the knowa location of
the collapsc event used as the master event,

Results of the aftesshock tocaton exercise ure shown in Figare 7. Both o plan view and w cross
sectional view are shown. Station locatons are indicated by stars (note that stations T3 and S'1'4
wre not shown on the mup view), aftershock tocations are indicated by circtes with black filled
etreles for events greater thun 250 feet above the worklng fevel, geay fitled circles “oe events at the
waorking level 1o 250 above (e working level, and opea cireles for events focated Delow the
working level, Further anulysix of those events located below the working level indicates that these
events are most Hkely snultiple events thut mude it ditticult w pick wisoctuted phases.
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Figure 5. Three component scismogram and full record spectra of thie collapse cvent at
ST10 with instrument response removed. Nole the high frequency failure events leading to
the longer period collapse signul on all components and the similuar nature of wll spectru,

The frequency of aftershock occurrence decayed cupidly (ollowing the collupse event with more
than 90% of tho high quulity aftershocks located occurring within 4 hours of the collapse. The
temalning 10% of the high quality aftershocks tocuted occured during isolated swarms of activity
(heough the remaining 36 hours of network aperation. 1t shauld he noted that the targest of the

uftershocks recorded were more thun 2 orders of magnitude smaller in auplitude thun the collupse
cvent,

L} A ] 1 A ] ne L]

The explusively Induced collapse of a panel In an underground room and pillw mine
indicates that this typx: of controllable event will generate scisimile signats which will
prupagate to o least near reglonal distances (as gecat as 1000 km). Tadings by the miaing,
personnel Indicate that the event behaved us planned snd fudher work in e plilar
rubbilization pilot project will proceed.

Near source monitoring of the ining collapse show that the observed ground motion
aprees well with previous work on mining collupses. The individuat explosive charges
einpheed in e pithas do not produce stong seismic signuls, however, the failue of the
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Figure 6, Three component regional scismogram and spectry of the collupse event at
statlon EYMN (rango 202 km, 313 degroes azimuth), high pass filtered at 0.75 Hz. Full
waveform spectra indicute that the vertical component is peaked between 1 und 2 He, as
was the case in the on-site meusurements.

pillars and the material above the working level do produce strong seisic signals. Work
continues on dotermination of local and regional magnitude associated with the White Pine
collapss cvont and the relationship of this magnitude to the arca collapsed. It cun be
concluded that the explosive component of the induced collapse source does not procduce
regional selsmie signals but that the resulting collapse cunt be expected (o be seen
reglonally.

Aftershocks that oceur following the collapse are at least 2 orders of mugnitude simaller in
amplitude than the ground niotion generated by the collapse. The frequency of oceurrence
of the uftershocks decuys rupldly following the collupse, These two observations could be
used to argue that it would bo extremcly difficult to use aftemshiocks to hnprove the location
deternuned by regional obsorvations.

Aftershock locatons performed sueprisingly well fn great aeaswe due to information
provided by White Pine Mine personnel including retlection profiles and access w
recording the shot break signal. ‘e coaperution of mining personnel was eritical to the
succoss of this experiment,
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Figure 7. A plan and north looking side view of preliminary aftershock locations for the White
Pine Collapse Experinwent. Eveut locations are given by circles where binck (iled circles locate
over 250 fect ubove the working level, gray filled circles locute from the working level up to 250
tect above the working level, und open circles tocate below the working cvel, Stution locutions are
indicated by the stars,

l'l:‘l!‘l"ll I‘uh[!“l!s
St Don, 1. A. (1995), Copper Range Company - Solutlon Mining Stuay, Pillar Rubbilization
Project 70 Pillar Blast, White Pine Mine Interanl Report, 66 puges,

Taylor, 8. R. (1994), "False Alarms and Mine Setsmiclty: An Lxaple from the Gentey Mountain
Mining Region, Utah”, Budl. Seism. Soc. Am., 84, 350358,

Walter, W. R., S. L. Hunter, und L. A, Glenu (1996), Peclindnary Report on LENL Mine
Scismichty Deployment at the 'T'wentymiie Coal Mine, Lawrence Livertione National Laboratory,
Livermore, CA, UCRL-ID- 122800, fun,



