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TUTORIAL

Introduction. This tutorial is included to assist those not familiar with blasting,
monitoring, and vibration analysis to become acquainted with both the fundamental
concepts and terminology used. It is by no means comprehensive and is deliberately
simplified in order that the interested reader can understand this and similar

studies.

The Anatomy of an Explosion. Whenever an explosive is detonated, an extremely
complicated processisinitiated creating zones with characteristic properties. Initially,
the explosive is converted into gases whose temperatures are in excess of 3000° C
(5432° ) and which exert pressure of 700,000 psi or greater on the surrounding or
confining material. These pressures and gases propagate outward as waves traveling
at a velocity exceeding that of sound in the medium. Waves with this velocity are
designated shock waves. Immediately surrounding the center of the explosion, a
hydrodynamic zone is formed in which the material behaves as a fluid. As the waves
continue outward, the pressure-temperature combination decreases with distance.
This decrease creates in turn: a plastic zone, a crushed or pulverized zone, a zone
consisting of large fragments, and finally a region of fractures. All of these are
illustrated by Figure A-1. Most of the energy of the explosion is expended in creating
these zones, and it is the sum total of their sizes which determines the efficiency of
the blasting. Beyond the distance at which fracturing occurs, the material behavior
is elastic. This implies that no permanent deformation occurs as a result of the
pressure wave, and it is this region which is monitored during blasting operations.

Wave Analysis. Visualize a line of fishing bobbers extending outward from a boat
or pier. Whenever a rock is dropped into the water at the beginning of the line, a
disturbance ( wave ) travels outward. The front of the wave then marks the leading
edge of the disturbance and logically enough, this is designated the wave front. As
the wave travels outward at the velocity of the water, each bobber in turn is agitated
but essentially remains in place rather than traveling along with the wave. Assume
the distance between any two adjacent peaks or troughs is measured on the outward
traveling wave. This distance is designated the wavelength. Now visualize a
camcorder focused on one small spot on the water and recording how many timethe
wave is repeated in one second. This number is called the_frequency of the wave.
Originally the units were in cycles/second or cps. However the accepted term is now
a Hertz or Hz. with one cycle/second equivalent to one Hertz. The time for one cycle
to occur is called the period. This is merely the inverse of the number of Hertz. For
example, a wave having a frequency of ten Hertz has a period of 0.1 second. One
other wave parameter remains to be defined. This is its magnitude or how large it
is with reference to the at rest position. A number of choices exist. For example the
physical distance or height is acceptable such as four inches above calm water or
zero. As the wave is moving up and down as well as outward, another choice would
be the velocity (inches/sec) at which the wave crest is moving upward or downward.
The associated acceleration ( inches/sec? is a third option. Regardless of the choice,
the value is defined as amplitude.
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Figure A-1. Zones created by an explosion.



Because blasting instrumentation is generally in a stationary position, it is more
convenient to define the behavior of particles adjacent to the instruments. This is
analogous to measuring the behavior of the bobber in the water. Thus, the particle
displacement is the distance the particle (bobber) moves vertically or horizontally.
The particle velocity and particle acceleration are respectively the velocity and rate
of change of velocity the particles (bobbers) experience when agitated by a wave,
Which of the three values is measured depends upon the instruments used. For most
blasting measurements, particle velocity is the measured quantity. One further
observation is needed. As the bobber moves up and down, it does so at a certain
number of times per second. This number is also designated as so many Hertz.

Unlike the simple wave generated by dropping a rock into the water, those generated
by an explosion are a composite consisting of many ones each having a different
frequency and unique amplitude. The associated particle parametersin turn are the
result of the sum of all the individual contributions. These can be determined by a
frequency or Fourier analysis. This procedure was routinely used for this project. As
an example refer to Figure A-2. The top display represents the wave shape of
particle velocity recorded over a period of time by a vertically oriented instrument.
The maximum and minimum values in inches/sec. are 0.48 and -0.35 respectively.
Below is the same data after one or more of the frequency components have been
removed or modified. This operation is filtering. The envelope is also included. If the
envelope and its mirror image were drawn, the recorded wave shape would fit inside
with no values extending beyond the boundaries. Envelope values are sometimes
considered to be a measure of the theoretical amplitude. The final display is the
power density spectrum. This is merely a plot or display of the maximum amplitude
squared of each individual frequency component of the composite wave. The term
power density spectrum has nothing to do with power, but it is the accepted term for
this common type of display. Beneath the spectrum plot in the X column are two
numbers. These correspond to the two frequency component values corresponding to
the circle and square cursor symbols visikle uu the horizontal axis. For example,
27.0115 is the frequency in Hz which has a squared amplitude of approximately
1.80E-5 (0.000018) units. No information is given as to whether the amplitude is plus
or minus. An amplitude spectrum consisting of plus and/or minus values could also
been displayed.

Extensive experimental data has been compiled which relates the values of peak
particle velocities to damage criteria. It is widely accepted that the probability of
damage to surface structures is essentially negligible provided the peak particle
velocity occurring at the structure is less than two inches/second. Little known data
is available which pertains to underground structures such as mines, tunnels, and
caves.

The importance of frequency analyses can be illustrated by considering two examples.
One is the familiar story of a glass breaking whenever an opera singer reaches a
certain note, and the second is when an automobile with an out-of-round tire vibrates
at a certain speed. A simplified explanation is that all objects (buildings and caves

!
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included) vibrate when subjected to a pressure, and each has a preferred frequency
of vibration designated the natural or resonant frequency. In the case of the glass,
it is set into motion by the pressure exerted by the sound wave of the singer's voice.
Because the sound wave is composed of various frequency components, the one that
is identical to the natural frequency of the glass causes an amplification of the
vibration of the glass which may lead to breakage. The automobile experiences
different vibrations at different speeds. Whenever one corresponds to the natural one
of the automobile, amplification again occurs. The same reasoning is also applicable
to caves. However, variations in cave geometry and geology make the measurement
of the natural frequencies a site specific problem. However, if they can be estimated
or measured by experimentation, the blasting program can be designed to minimize
the generation of the same by the explosives.

Blasting by Delays. Both frequencies and wavelengths of waves can be minimized
or canceled by the use of delay shooting. This is a technique whereby a series of
small charges are detonated at different times much the same as a string of fire
crackers. The amount detonated at the same time is designated charge weight or size
per delay. The assumption is that each charge generates the same wave shape. If the
timing can be such that the peaks and troughs of the second wave correspond to the
troughs and peaks of the first wave, a cancellation will occur except for the initial
portion of the first wave. The timing of the other charges will also contribute to
destructive interference. Caution must be exerted as improper delays may cause a

constructive interference. To minimize frequencies, charges in the same hole are
detonated at pre-determined delays. Multiple holes are detonated at pre-determined
delays to minimize wavelengths.
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Cystal Cave Blast Log

Date |Time {Location Distance |# of holes |Hole Depth |Rock Depth |Ibs/delay |[b/hole | Total Ibs|Scale Distance |Powder Type Blaster
5/11/95| 16:00]341+25 1492 34 18 10 12.5 5 170 422.001 |pre-split Dewey Wilkins
5/12/95| 16:12{340+00 1612 20 27 21 31 31 620 289.524 |pre-split Dewey Wilkins
5/12/95|16:15(339+00 1708 12 27 11 16 16 192 427.000|pre-split Dewey Wilkins
5/15/95| 14:321327+00 2880 13 15 9 8 8 104 1018.234|ANFO Jon Drake
5/15/95116:19(327+00 2880 8 14 5 8.5 8.5 68 987.8321ANFO Jon Drake
5/15/95| 16:31|338+25 1864 12 22 6 16 16 192 466.000 |pre-split Jon Drake
5/16/95112:16|327+00 2880 17 15 3 17 17 289 698.503|ANFO Jon Drake
5/16/95} 15:21,327+00 2880 18 15 5 16 16 288 720.000 ANFO Jon Drake
5/16/95|17:01|337+50 1864 30 24 8 17 17 510 452.086 | pre-split Jon Drake
5/17/95|10:15|333+00 2296 26 9 3 6 6 156 937.338|ANFO Jon Drake
5/17/95| 12:05332+60 2416 12 9 2 6.5 6.5 78 947.633|ANFO Jon Drake
5/17/95|12:18|336+00 2000 10 20 4 13 13 130 554.700 |pre-split Jon Drake
5/M18/95] 8:30|332+35 2416 8 9 4 5 5 40 1080.468 | ANFO Jon Drake
5/18/95|10:35/333+10 2296 12 9 3.5 5 5 60 1026.802|ANFO Jon Drake
5/18/95| 15:03|334+50 1425 26 13 3 7 7 182 538.599 |pre-split Jon Drake
5/18/95| 16:06,330+00 2584 28 8 2 5 5 140 1155.600|ANFO Jon Drake
5/18/95|17:15|330+50 2536 16 8 2 5 5 80 1134.134|ANFO Jon Drake
5/19/95| 16:30;330+75 2496 102 8 2 5 5 510 1116.245 ANFO Jon Drake
5/22/95| 14:301331+00 2475 36 10 6 14 7 504 661.472]ANFO Jon Drake
5/22/95| 14:30/337+50 1900 20 13 9 10 10 200 600.833 |ANFO Jon Drake
5/22/95| 19:37|337+50 1900 22 13 8 10 20 220 600.833 |ANFO Jon Drake
5/23/95| 16:34|344+50 1425 24 22 22 8.5, 255 204 488.771 |pre-split Jon Drake
5/23/95|17:25|337+50 1900 55{13-15 13-15 16.67 50| 916.85 465.357ANFO Jon Drake
5/25/95| 15:501333+75 1740 31 14 8 70 14 434 207.970\/ANFO Jon Drake
5/25/95| 16:35|343+50 1535 22 24 22 225 7.5 165 323.606 |pre-split Jon Drake
5/30/95| 11:45|335+00 2090 22 14 9 10| 3.33| 73.26 660.916 |ANFO Jon Drake
5/30/95| 16:48|344+10 1220 21 22 20| 18.857| 6.286 132 280.945 |pre-split Jon Drake
5/30/95|17:22(341+75 1535 46 11 7 27 9 414 295.411|ANFO Jon Drake
5/31/95|14:00|341+75 1535 26 .15 9 11 11 286 462.820|ANFO Jon Drake
5/31/95|17:00|341+75 1535 12 20 15 28 28 336 290.088|ANFO Jon Drake
6/2/95|17:18{341+50 1000 46 13 8 12 12 552 288.675,ANFO Jon Drake
6/2/95(17:18|341+50 1000 16 14 10 13 26 41.6 277.350|pre-split Jon Drake
6/2/95|17:32|345+90 640 36 22 20 30 6 216 116.847 |pre-split Jon Drake
6/5/95| 13:36{342+00 940 14 24 20 16.98] 5.66| 79.24 228.118 |pre-split Jon Drake
6/5/95| 13:39|346+20 560 12 12 7 4.5 1.5 18 263.987 |pre-split Jon Drake
6/5/95| 16:00|342+25 900 32 14 11 12 12 384 259.808|ANFO Jon Drake
6/6/95(17:34|343+00 833 46 16 10 12 12 552 240.466 |ANFO Jon Drake
6/7/95| 17:50{342+65 890 14 24 18 10.5 35 49 274.660|pre-split Jon Drake




Cystal Cave Blast Log

Date |Time Location Distance |# of holes |Hole Depth |Rock Depth |Ibs/delay |Ib/hole |Total Ibs|Scale Distance |Powder Type Blaster
6/7/95|17:55|343+50 775 12 14 10 4.5 1.5 18 365.339 |pre-split Jon Drake
6/9/95| 15:07|336+00 1540 32 10 8 36 9 288 256.667 |ANFO Jon Drake
6/9/95| 16:15|342+65 840 77 16 16 22 22 1694 179.089|ANFO Jon Drake

6/12/95{17:25|343+15 735 85 15 15 200 20 1700 51.972|ANFO Jon Drake

6/14/95]16:30357+25 710 8 16 16 3.75| 3.75 30 366.642 |pre-split Jon Drake
6/14/95]16:30357+25 710 12 14 14 25 17 204 142.000|ANFO Jon Drake
6/14/95|16:55|343+50 800 63 18 16 96 24 1512 81.650|ANFO Jon Drake
6/15/95]13:30,357+25 720 20 13 13 32 16 320 127.279|ANFO Jon Drake
6/16/95|11:05|357+10 730 11 15 12 32 16 176 129.047|ANFO Jon Drake
6/16/95| 11:05(357+25 720 10 15 13 10.5 3.5 305 222,197 |pre-split Jon Drake
6/16/95|17:50|343+35 1335 26 16 14 72 24 624 157.331|ANFO Jon Drake
6/16/95| 17:52|348+50 1067 27 14 12} 10.125; 3.375| 91.125 335.326 |pre-split Jon Drake
6/17/95| 9:14/357+00 675 7 13 11 7.875 2.625 18.375 240.535 pre-split Jon Drake
6/17/95| 9:14|357+00 675 21 10 8 30 10 210 123.238 | ANFO Jon Drake
6/17/95|15:15|336+50 1867 101 8 6 5 5 505 834.948|ANFO Jon Drake
6/19/95| 9:40(342+00 1450 9 10 6 5 5 45 648.460  ANFO Jon Drake
6/19/95| 18:30|337+00 1800 111 11 9 12 12 1332 519.615|ANFO Jon Drake
6/19/95| 18:40/344+00 1260 16 16 10 9 3 48 420.000 |pre-split Jon Drake
6/19/95|18:42351+40 925 13 20 18, 16.125) 5.375| 69.875 230.352 |pre-split Jon Drake
6/20/95| 17:45|336+50 1850 60 12 10 16 16 960 462.500|ANFO Jon Drake
6/21/95]18:10(336+75 1860 94 14 11 80 20 1880 207.954|ANFO Jon Drake
6/21/95| 18:15|349+80 1000 25 20 20 16.75| 5.25| 131.25 251.976 | pre-split Jon Drake
6/22/95|17:45|337+30 1750 94 15 12 40 20 1880 276.699|ANFO Jon Drake
6/22/95|17:50|350+70 940 28 20 20 156.75| 5.25 147 236.858 | pre-split Jon Drake
6/23/95{17:301337+50 1775 86 16 14 100 24 2064 177.500|ANFO Jon Drake
6/23/95|17:35|351+84 880 38 20 20 21} 5.25| 199.5 192.032 |pre-split Jon Drake
6/24/95)| 15:00|339+50 1735 4 3 3 0.125| 0.125 0.5 4907.321 | Trenchrite Jon Drake
6/24/95|15:15|337+80 1850 16 16 13 24 24 384 377.630|ANFO Jon Drake
6/24/95| 15:30 |WW 185+00 2340 40 8 5 9 425 170 780.000|ANFO Jon Drake
6/27/95|15:20{324+00 3270 15 9 9 8 8 120 1156.120Nitropell and ANFO|Jon Drake
6/27/95|17:55|338+20 1795 60 15 15 84 21 1260 195.851|ANFO Jon Drake
6/27/95| 18:25|WW 184+25 2375 18 8 6 4 4 72 1187.500 |Nitropell and ANFO|Jon Drake
6/28/95|17:13|344+25 1265 22 20 17 211 525 1155 276.046 |Pre-split Jon Drake
6/28/95|17:37 |338+70 1745 50 15 15 84 21 1050 190.395|ANFO Jon Drake
6/28/95|17:45|353+00 855 40 20 20 21| 5.25 210 186.576 |pre-split Jon Drake
6/29/95|17:25{339+00 1680 60 14 11 64 16 960 210.000|ANFO Jon Drake
6/29/95|17:35|355+00 800 38 20 20 21| 5.25| 1995 174.574 | pre-split Jon Drake
6/30/95 12:45/335+00 1260 36 16 16 66 22 792 155.095 ANFO Jon Drake




Cystal Cave Blast Log

Date |Time |Location Distance.|# of holes {Hole Depth |Rock Depth |Ibs/delay |Ib/hole | Total Ibs|Scale Distance |Powder Type Blaster
7/1/95112:33|356+10 760 45 20 12 15.75] 5.25| 236.25 191.502 |pre-split Larry Caudill
7/1/95]15:16|340+10 1610 53 13 11 70 14 742 192.432|ANFO Larry Caudill
7/5/95| 17:25/345+00 1305 86 16 13 88 22| 1892 139.113|ANFO Jon Drake
7/5/95| 18:10|340+40 1580 81 9 6 28 7 567 298.592|ANFO Jon Drake
7/6/95|18:10|343+75 1375 52 12 4 27 9 468 264.619|ANFO Jon Drake
7/6/95| 18:22|348+00 1010 97 12 9 48 12) 1164 145.781ANFO Jon Drake
7/7/95|17:50,348+10 1000 58 14 11 80 16 928 111.803|ANFO Jon Drake
7/7/95(18:07 |\ WW 185+00 2365 16 8 4 18 6 96 557.436{ANFO Jon Drake
7/8/95( 14:50|7+00 2950 44 9 4 5 5 220 1319.280|ANFO Jon Drake
7/8/95| 15:30|344+80 1195 130 14 14 126 18| 2340 106.459|ANFO Jon Drake

7/10/95|17:21{345+00 1190 134 15 15 168 24| 3216 91.810|ANFO Jon Drake

7/11/95|17:30|346+00 1110 200 14 14 100 20| 4000 111.000|ANFO Jon Drake
7/12/95| 16:45|6+00 3035 65 9 9 8 8 520 1073.035|ANFO Jon Drake
7/12/95| 17:401346+50 1105 48 10 6 32 8 384 195.338 ANFO Jon Drake
7/13/95|16:40|348+60 1020 130 14 12 100 20| 2600 102.000 ANFO Jon Drake
7/14/95|16:17,349+00 1005 107 14 12 138 23| 2461 85.551|ANFO Jon Drake
7/15/95| 14:25|249+50 990 120 14 12 147 21 2520 81.654|ANFO Jon Drake
7/17/95)16:35|351+10 925 195 14 12 60 20| 3900 119.417 |ANFO Jon Drake
7/18/95| 16:45|352+00 880 153 14 12 110 22| 3366 83.905|ANFO Jon Drake
7/19/95| 16:45|352+80 875 127 14 12 88 22| 2794 93.275|ANFO Jon Drake
7/25/95| 16:25|353+50 850 63 14 11 36 18 1134 141.667|ANFO Jon Drake
7/26/95| 16:20|356+50 745 83 11 11 48 12 996 107.531|ANFO Jon Drake
7/28/95|10:10|356+00 750 106 11 11 48 12| 1272 108.253|ANFO Jon Drake
7/28/95| 16:08|353+50 850 36 15 15 110 22 792 81.044|ANFO Jon Drake
7/31/95| 16:45,356+00 765 109 14 14 92.5| 18.5| 2016.5 79.541|ANFO Jon Drake

8/1/95| 14:15/355+70 750 67 14 14 92.5| 18.5| 1239.5 77.981|ANFO Jon Drake
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Crystal Cave Seismograph Log

Date Time |Unit # |Location Event # |Blast Location |Distance |lbs/delay |Scale Distance |Type of Blast |Trigger Level | Transverse |Vertical |Radial |Acousitic |Vector Sum
‘ () (ft) (in/s) (in/s) (in/s) | (in/s) | (db) (in/s)

5/22/95| 14:19] 492 |Jacob's Room 3|331+00 2600 14 694.879 | Production 0.03 0.02| 0.035| 0.015|N/A 0.035
5/23/95! 16:33 21|Entrance 3/343+50 1525 25.5 301.995 | pre-split 0.03 0.02 0.04| 0.02|N/A 0.04
5/23/95| 16:33 17[INS 2|343+50 1375 25.5 272.291 |pre-split 0.03 0.04 0.04{ 0.03(N/A 0.04
5/23/95| 16:32 492|Jacob's Room 4|343+50 1400 25.5 277.241 |pre-split 0.03 0.025{ 0.035| 0.025 0.02 0.04
5/23/95{17:24 17|INS 3|337+50 1920 17 465.668| Production 0.03 0.03 0.02] 0.02|N/A 0.03
5/23/95|17:23|  492|Jacob’s Room 5|337+50 1950 17 472.944 | Production 0.03 0.02| 0.045| 0.015 0.02 0.045
5/25/95| 15:48 17|INS 41338+75 1850 70 221.117|/ANFO 0.03 0.04 0.02] 0.02|N/A 0.04
5/25/95| 16:37 17|INS 5/343+50 1535 22,5 323.606 | pre-split 0.03 0.03 0.02] 0.02{N/A 0.03
5/30/95| 16:44 17]INS 6/344+85 1310 18.9 301.329 | pre-split 0.03 0.05 0.03] 0.03|N/A 0.05
5/30/95| 16:44 21|Entrance 4|344+85 1440 18.9 331.231 |pre-split 0.03 0.02 0.04] 0.02|N/A 0.04
5/30/95| 16:44 492 |Jacob's Room 7|344+85 1285 18.9 295.578 |pre-split 0.03 0.015 0.04| 0.015|N/A 0.04
5/31/95| 13:54 17/INS 7|341+75 1520 28 287.253|ANFO 0.03 0.04 0.02] 0.02|N/A 0.04
5/31/95| 17:01 17|INS 8/341+75 1520 28 287.253|ANFO 0.03 0.04 0.03] 0.02{N/A 0.04
6/2/95|17:13 17|INS 10/341+50 1545 13 428.506 |pre-split 0.03 0.03 0.02] 0.02|N/A 0.03
6/2/9517:29 16|Hanging Balcony 3|345+90 1280 30 233.695|pre-split 0.03 0.01 0.03] 0.01|N/A 0.03
6/2/95| 17:29 17|INS 11]345+90 1205 30 220.002 |pre-split 0.03 0.08 0.06| 0.05 0.02 0.1
6/2/95| 17:29 18|Exterior 77/345+90 640 30 116.847 | pre-split 0.03 0.05 0.05| 0.03 0.22 0.05
6/2/95) 17:29 20|Lloyd's Room 1/345+90 1240 30 226.392 |pre-split 0.03 0.03 0.03] 0.02|N/A 0.04
6/2/95| 17:29 21|Entrance 5/345+90 1340 30 244.649 |pre-split 0.03 0.03 0.05| 0.03|N/A 0.05
6/2/95|17:29 491 |Helictite 12/345+90 1135 30 207.222 |pre-split 0.03 0.01 0.03| 0.01|N/A 0.03
6/2/95|17:29]  492|Jacob's Room 8|345+90 1220 30 222.741 |pre-split 0.03 0.02] 0.045| 0.02|N/A 0.045
6/5/95| 15:48 17|INS 12|342+25 1480 12 427.239|ANFO 0.03 0.03 0.02] 0.02|N/A 0.03
6/5/95| 15:48 18| Exterior 78/342+25 915 12 264.138| ANFO 0.03 0.03 0.02] 0.01|N/A 0.03
6/6/95, 17:21 17]INS 13|343+00 1395 12 402.702| ANFO 0.03 0.05{ 0.03] 0.03|N/A 0.05
6/6/95| 17:21 18|Exterior 79/343+00 860 12 248.261|ANFO 0.03 0.04 0.04| 0.03|N/A 0.04
6/6/95| 17:21 21{Entrance 6/343+00 1540 12 444.560|ANFO 0.03 0.03 0.04{ 0.02(N/A 0.04
6/6/95| 17:21 492|Jacob's Room 10[343+00 1415 12 408.475 ANFO 0.03 0.02] 0.055| 0.02/N/A 0.055
6/7/95| 17:54 17|INS 14|342+65 1440 20 321.994 ANFO 0.03 0.06 0.05/ 0.03|N/A 0.06
6/7/95| 17:54 18| Exterior 80|342+65 870 20 194.538 ANFO 0.03 0.03 0.03] 0.02|N/A 0.03
6/7/95| 17:54 21|Entrance 7|342+65 1620 20 362.243|ANFO 0.03 0.04 0.02| 0.02|N/A 0.04
6/7/95| 17:54 492|Jacob's Room 11,342+65 1490 20 333.174|ANFO 0.03 0.025 0.04| 0.02|N/A 0.045
6/7/95| 17:56 17|INS 15/343+50 1360 4.5 641.110|pre-split 0.03 0.04 0.03, 0.02|N/A 0.04
6/9/95| 16:16 17|INS 19|343+15 1100 22 234.521 ANFO 0.03 0.05 0.04] 0.04|N/A 0.05
6/9/95]| 16:16 18|Exterior 81/343+15 835 22 178.023|ANFO 0.03 0.04 0.03] 0.02|N/A 0.04
6/9/95| 16:16 21|Entrance 8/343+15 1240 22 264,369 ANFO 0.03 0.03 0.03| 0.03|N/A 0.04
6/12/95| 17:24 17|INS 20/344+00 1350 200 95.459 ANFO 0.03 0.09 0.04| 0.04|N/A 0.09
6/12/95| 17:24 18| Exterior 208|344+00 740 200 52.326| ANFO 0.03 0.06 0.1] 0.12|N/A 0.14
6/12/95| 17:24 20|Lloyd's Room 2|344+00 1400 200 98.995/ANFO 0.03 0.03 0.03] 0.02|N/A 0.03
6/12/95| 17:24 21|Entrance 11/344+00 1475 200 104.298  ANFO 0.03 0.04 0.05| 0.03|N/A 0.06
6/12/95| 17:24 492 |Jacob’'s Room 131344+00 1350 200 95.459|ANFO 0.03 0.035| 0.055( 0.045|N/A 0.055
6/14/95| 16:30 16/Hanging Balcony 6/357+50 935 25 187.000|ANFO 0.03 0.01 0.03] 0.01|N/A 0.03
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Crystal Cave Seismograph Log

Date Time |Unit # |Location Event # |Blast Location |Distance |lbs/delay |Scale Distance |Type of Blast |Trigger Level | Transverse |Vertical |Radial |Acousitic |Vector Sum
(it) () (in/s) (in/s) (in/s) | (infs) | (db) (in/s)
6/14/95| 16:30 17|INS 21|357+50 990 25 198.000| ANFO 0.03 0.06 0.04| 0.03|N/A 0.06
6/14/95| 16:30 18|Exterior 209|357+50 735 25 147.000|ANFO 0.03 0.05 0.05| 0.02|N/A 0.05
6/14/95| 16:30 20|Lloyd's Room 3|357+50 730 25 146.000 ANFO 0.03 0.02 0.03] 0.02|N/A 0.03
6/14/95| 16:30 21|Entrance 12|357+50 950 25 190.000| ANFO 0.03 0.03 0.04| 0.03|N/A 0.04
6/14/95| 16:30 492|Jacob's Room 14|357+50 930 25 186.000| ANFO 0.03 0.025 0.04] 0.03|N/A 0.045
6/14/95| 16:55 17[INS 221343+50 1420 96 144.928| ANFO 0.03 0.07| 0.03] 0.03]N/A 0.07
6/14/95| 16:55 18|Exterior 210{343+50 800 96 81.650/ANFO 0.03 0.04 0.06/ 0.02|N/A 0.06
6/14/95| 16:55 21|Entrance 13|343+50 1510 96 154.114| ANFO 0.03 0.03 0.03] 0.03|N/A 0.03
6/14/95| 16:55 492|Jacob's Room 15|343+50 1390 96 141.866 ANFO 0.03 0.035 0.07| 0.035/N/A 0.07
6/15/95| 13:30 17|INS 23|357+25 950 32 167.938 ANFO 0.03 0.07 0.04| 0.04|N/A 0.07
6/15/95| 13:30 18|Exterior 211|357+25 735 32 129.931|ANFO 0.03 0.03 0.05| 0.04|N/A 0.05
6/15/95| 13:30 21|Entrance 14,357+25 950 32 167.938 ANFO 0.03 0.03 0.06| 0.03|N/A 0.06
6/15/95| 13:30 492 |Jacob's Room 16/357+25 925 32 163.518 ANFO 0.03 0.02| 0.035| 0.025/N/A 0.04
6/16/95| 11:05 17|INS 24/357+10 990 32 175.009 ANFO 0.03 0.06 0.03] 0.03|N/A 0.06
6/16/95] 11:05 21|Entrance 15|357+10 950 32 167.938 ANFO 0.03 0.03 0.03] 0.03|N/A 0.04
6/16/95| 17:52 17/INS 25|343+35 1430 72 168.527|ANFO 0.03 0.05 0.03] 0.02|N/A 0.05
6/16/95| 17:52 21|Entrance 16|343+35 1540 72 181.491|ANFO 0.03 0.02 0.03| 0.03/N/A 0.04
6/16/95| 17:52 492 |Jacob's Room 17]343+35 1400 72 164.992] ANFO 0.03 0.02 0.03] 0.02|N/A 0.035
6/16/95| 17:53 17|INS 26/348+50 1090] 10.125 342.554 |pre-split 0.03 0.06 0.06] 0.04|N/A 0.09
6/16/95| 17:53| 492 |Jacob's Room 18/348+50 1080, 10.125 339.411 |pre-split 0.03 0.02 0.04; 0.03|N/A 0.04
6/17/95| 9:13 17|INS 27|357+00 1000 30 182.574|ANFO 0.03 0.04 0.02| 0.02|N/A 0.04
6/17/95| 9:13 20|Lloyd's Room 4|357+00 750 30 136.931|ANFO 0.03 0.02 0.03| 0.02|N/A 0.03
6/17/95| 9:13 21|Entrance 17(357+00 960 30 175.271|ANFO 0.03 0.03 0.04] 0.02|N/A 0.04
6/17/95| 9:13 492|Jacob’'s Room 19|357+00 935 30 170.707|ANFO 0.03 0.015] 0.035| 0.015|N/A 0.035
6/19/95| 18:39 17|INS 123|351+40 1035] 16.125 257.745|pre-split 0.03 0.1 0.06| 0.04|N/A 0.1
6/19/95] 18:39 18/INS 212{351+40 1035] 16.125 257.745|pre-split 0.03 0.02 0.05] 0.03|N/A 0.05
6/19/95] 18:39 20/|Lloyd's Room 5/351+40 935 16.125 232.842 |pre-split 0.03 0.02 0.03] 0.02|N/A 0.03
6/21/95| 18:09 492 |Jacob's Room 20|336+75 2075 80 231.992 | ANFO 0.03 0.01 0.03| 0.015|N/A 0.03
6/21/95| 18:18 18|INS 213/349+80 1055 15.75 265.835 |pre-split 0.03 0.02 0.04| 0.04|N/A 0.04
6/21/95| 18:18 20|Lloyd's Room 6/349+80 990 15.75 249.457 |pre-split 0.03 0.02 0.03] 0.02|N/A 0.03
6/21/95| 18:18 21|Entrance 18/349+80 1140 15.75 287.253|pre-split 0.03 0.03 0.03| 0.03{N/A 0.03
6/21/95| 18:18|  492|Jacob's Room 21]349+80 1035 15.75 260.795|pre-split 0.03 0.015 0.03| 0.015|N/A 0.03
6/22/95| 17:51 19|INS 2|350+70 1030 15.75 259.536 |pre-split 0.03 0.01 0.03| 0.01|N/A 0.03
6/23/95| 17:40 19]INS 4/351+84 1040 21 226.947 |pre-split 0.03 0.01 0.04| 0.02|N/A 0.04
6/23/95| 17:40 21|Entrance 19/351+84 1090 21 237.858|pre-split 0.03 0.03 0.02| 0.02|N/A 0.03
6/28/95| 17:37 21|Entrance 20(338+70 1985 84 216.581 ANFO 0.03 0.03 0.01] 0.02|N/A 0.03
6/28/95| 17:47 19|INS 6|353+00 1025 21 223.673|pre-split 0.03 0.02 0.03] 0.02|N/A 0.03
6/28/95| 17:47 21|Entrance 21|353+00 1075 21 234.584 |pre-split 0.03 0.04 0.04| 0.03|N/A 0.04
6/29/95| 17:33 16|Hanging Balcony 16/355+00 980 21 213.854|pre-split 0.03 0.01 0.03] 0.01|N/A 0.03
6/29/95| 17:33 19/INS 7|355+00 1020 21 222.582 | pre-split 0.03 0.01 0.04| 0.02|N/A 0.04
6/29/95| 17:33 21|Entrance 22|355+00 1030 21 224,764 |pre-split 0.03 0.04 0.05| 0.02|N/A 0.05
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Date Time |Unit # |Location Event # |Blast Location |Distance |Ibs/delay |Scale Distance |Type of Blast |Trigger Level | Transverse |Vertical |Radial {Acousitic |Vector Sum
(ft) (f) (in/s) (in/s) (in/s) | (in/s) | (db) (in/s)
6/29/95| 17:33]  492|Jacob's Room 23/355+00 975 21 212.762 |pre-split 0.03 0.02 0.03| 0.015|N/A 0.03
6/30/95| 12:41 21|Entrance 23/344+00 1460 66 179.714 ANFO 0.03 0.03 0.03] 0.02|N/A 0.03
6/30/95| 12:41 492|Jacob's Room 241344+00 1350 66 166.174|ANFO 0.03 0.01 0.03] 0.02|N/A 0.03
7/1/95| 12:35 16|Hanging Balcony 17356+10 965 15.76 243.157 |pre-split 0.03 0.02 0.03[ 0.01]N/A 0.03
7/1/95| 12:35 19[INS 8/356+10 1005 15.75 253.236|pre-split 0.03 0.02 0.05| 0.03|N/A 0.05
7/1/95| 12:35 20|Lloyd's Room 7/356+10 755 15.75 180.242|pre-split 0.03 0.02 0.03] 0.02|N/A 0.03
7/1/9512:35 21|Entrance 24|356+10 995 15.75 250.716|pre-split 0.03 0.04 0.07| 0.03|N/A 0.07
7/1/95/12:35|  491|Helictite 14|356+10 990 15.75 249.457 |pre-split 0.03 0.01 0.03] 0.01|N/A 0.03
7/1/95/12:35|  492|Jacob's Room 26/356+10 950 15.75 239.377 |pre-split 0.03 0.025 0.03] 0.02|N/A 0.03
7/5/95| 17:25 19|INS 10[345+00 1265 88 134.849|ANFO 0.03 0.02 0.03] 0.03|N/A 0.03
7/5/95|17:25 20|Lloyd's Room 8/345+00 1300 88 138.580|ANFO 0.03 0.03 0.03] 0.02|N/A 0.04
7/5/95| 17:25 21|Entrance 25/345+00 1400 88 149.241ANFO 0.03 0.04 0.05/ 0.04|N/A 0.06
7/6/95| 18:22 19|INS 11/348+00 1110 48 160.215|ANFO 0.03 0.03 0.03] 0.04|N/A 0.05
7/6/95| 18:22 20|Lloyd's Room 9/348+00 1110 48 160.215|ANFO 0.03 0.03 0.03] 0.02|N/A 0.04
7/6/95| 18:22 21|Entrance 26/348+00 1220 48 176.092 ANFO 0.03 0.03 0.05] 0.05|N/A 0.07
7/7/95/17:50 16|Hanging Balcony 28/348+10 1150 80 128.574 ANFO 0.03 0.04 0.03] 0.04|N/A 0.06
7/7/95/17:50 19/INS 12|348+10 1105 80 123.543 ANFO 0.03 0.02 0.03] 0.02|N/A 0.03
7/7/95|17:50 20|Lloyd's-Room 10|348+10 1090 80 121.866|ANFO 0.03 0.03 0.03] 0.02|N/A 0.03
7/7/95/17:50 21|Entrance 27|348+10 1210 80 135.282|ANFO 0.03 0.03 0.04| 0.04|N/A 0.06
7/8/95{ 15:32 21|Entrance 28|344+80 1440 126 128.285|ANFO 0.03 0.04 0.03] 0.04|N/A 0.04
7/10/95, 17:23 16|Hanging Balcony 34/345+00 1335 168 102.997 ANFO 0.03 0.02 0.03] 0.02|N/A 0.03].
7/10/95! 17:23 19]INS 13/345+00 1265 168 97.597 | ANFO 0.03 0.03 0.04| 0.05|N/A 0.05
7/10/95] 17:23 20|Lloyd's Room 11/345+00 1300 168 100.297|ANFO 0.03 0.03 0.03] 0.03|N/A 0.03
7/10/95; 17:23 21|Entrance 29/345+00 1400 168 108.012|ANFO 0.03 0.06 0.07| 0.04|N/A 0.09
7/11/95| 17:31 19[INS 14/346+00 1210 100 121.000|ANFO 0.03 0.04 0.05| 0.05/N/A 0.06
7/11/95|17:31 20|Lioyd's Room 12|346+00 1230 100 123.000]ANFO 0.03 0.02 0.04] 0.02|N/A ~ 0.04
7/11/95|17:31 21|Entrance 30|346+00 1340 100 134.000 ANFO 0.03 . 0.03 0.04| 0.03|N/A 0.05
7/12/95| 17:42 19/INS 15|346+50 1185 32 209.480 ANFO 0.03 0.01 0.04] 0.02|N/A 0.04
7/12/95| 17:42 21|Entrance 31/346+50 1320 32 233.345 ANFO 0.03 0.04 0.02] 0.03|N/A 0.04
7/13/95| 16:39 16|Hanging Balcony 37/348+60 1125 100 112.500 ANFO 0.03 0.03 0.04] 0.03|N/A 0.05
7/13/95{ 16:39 19[INS 16(348+60 1090 100 109.000 ANFO 0.03 0.04 0.07| 0.05|N/A 0.08
7/13/95] 16:39 20|Lloyd's Room 13]348+60 1055 100 105.500| ANFO 0.03 0.07 0.05| 0.04|N/A 0.08
7/13/95| 16:39 21|Entrance 32/348+60 1200 100 120.000|ANFO 0.03 0.06 0.06] 0.05|N/A 0.08
7/13/95| 16:39|  491|Helictite 15/348+60 1010 100 101.000 ANFO 0.03 0.03 0.03] 0.03|N/A 0.04
7/14/95| 16:17 16|Hanging Balcony 40/349+00 1120 138 95.341|ANFO 0.03 0.03 0.05| 0.03|N/A 0.05
7/14/95| 16:17 19]INS 17]349+00 1080 138 91.936 ANFO 0.03 0.04 0.08/ 0.03|N/A 0.08
7/14/95| 16:17 20|Lloyd's Rocm 14/349+00 1040 138 88.531 ANFO 0.03 0.09 0.06| 0.05|N/A 0.09
7/14/95| 16:17 21|Entrance 33/349+00 1165 138 99.171|ANFO 0.03 0.04 0.05| 0.04/N/A 0.06
7/14/95| 16:17|  491|Helictite 16/349+00 1010 138 85.977|ANFO 0.03 0.03 0.03; 0.02|N/A 0.035
7/15/95| 14:29 16|Hanging Balcony 41/349+50 1100 147 90.726 ANFO 0.03 0.02 0.04; 0.03|N/A 0.04
7/15/95| 14:29 19]INS 18{349+50 1075 147 88.665/ANFO 0.03 0.03 0.07] 0.04/N/A 0.07
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Date Time |Unit # |Location Event # |Blast Location |Distance |Ibs/delay |Scale Distance |Type of Blast |Trigger Level|Transverse |Vertical |Radial | Acousitic |Vector Sum
(ft) (ft) (in/s) (in/s) (in/s) 1 (in/s) | (db) (in/s)
7/15/95| 14:29 20/Lloyd's Room 15/349+50 1000 147 82.479|ANFO 0.03 0.08 0.06| 0.04|N/A 0.08
7/15/95| 14:29 21|Entrance 35(349+50 1135 147 93.613|ANFO 0.03 0.03 0.06/ 0.04|N/A 0.07
7/15/95| 14:29 491 |Helictite 171349+50 1000 147 82.479|ANFO 0.03 0.03 0.03/ 0.03|N/A 0.035
7/17/95| 16:35 16/Hanging Balcony 43|351+10 1050 60 135.554 ANFO 0.03 0.02 0.04| 0.02|N/A 0.04
7/17/95| 16:35 19[INS 19|351+10 1035 60 133.618 ANFO 0.03 0.03 0.05| 0.03|N/A 0.05
7/17/95| 16:35 20|Lloyd's Room 16|351+10 925 60 119.417|/ANFO 0.03 0.04 0.04] 0.03|N/A 0.04
7/17/95| 16:35 21|Entrance 36|351+10 1100 60 142.009|ANFO 0.03 0.04 0.05| 0.03|N/A 0.06
7/17/95| 16:35 491 |Helictite 18|351+10 980 60 126.517|ANFO 0.03 0.01 0.03| 0.02|N/A 0.03
7/18/95| 16:52 16|Hanging Balcony 441352+00 1020 110 97.253|ANFO 0.03 0.02 0.04) 0.02|N/A 0.04
7/18/95| 16:52 17|INS 103/352+00 1020 110 97.253 ANFO 0.03 0.04 0.05| 0.06|N/A 0.06
7/18/95| 16:52 18|Jacob's Room 2161352+00 990 110 94.393|ANFO 0.03 0.08 0.1] 0.04|N/A 0.1
7/18/95| 16:52 20|Lloyd's Room 17|352+00 890 110 84.858 ANFO 0.03 0.03 0.05| 0.02{N/A 0.05
7/18/95| 16:52 21|Entrance 37(352+00 1080 110 102.974 ANFO 0.03 0.05 0.04| 0.03|N/A 0.05
7/19/95] 16:49 16|Hanging Balcony 45(352+80 1005 88 107.133|ANFO 0.03 0.02 0.03] 0.02|N/A 0.03
7/19/95| 16:49 17|INS 104|352+80 1020 88 108.732| ANFO 0.03 0.04 0.08| 0.09|N/A 0.09
7/19/95| 16:49 18|Jacob’'s Room 217|352+80 990 88 105.534 ANFO 0.03 0.05 0.08/ 0.07{N/A 0.09
7/19/95| 16:49 20|Lloyd's Room 18/352+80 860 88 91.676| ANFO 0.03 0.05 0.05| 0.03|N/A 0.07
7/19/95| 16:49 21|Entrance 39/352+80 1060 88 112.996| ANFO 0.03 0.04 0.06] 0.03|N/A 0.07
7/25/95} 16:27 16|Hanging Balcony 48|353+50 1005 36 167.500 ANFO 0.03 0.02 0.04] 0.02{N/A 0.04
7/25/95| 16:27 17|INS 105|353+50 1015 36 169.167|ANFO 0.03 0.03 0.05] 0.05|N/A 0.06
7/25/95|16:27 18/Jacob's Room 213|353+50 990 36 165.000|ANFO 0.03 0.04 0.06{ 0.04|N/A 0.07
7/25/95] 16:27 20|Lloyd's Room 19|353+50 850 36 141.667|ANFO 0.03 0.03 0.03] 0.02|N/A 0.04
7/25/95] 16:27 21|Entrance 40|353+50 1050 36 175.000| ANFO 0.03 0.04 0.04] 0.02|N/A 0.05
7/26/95] 16:20 16|/Hanging Balcony 50|356+50 950 48 137.121|ANFO 0.03 0.02 0.04| 0.03|N/A 0.04
7/26/95| 16:20 17|INS 106|356+50 990 48 142.894| ANFO 0.03 0.03 0.04) 0.05|N/A 0.05
7/26/95| 16:20 18|Jacob's Room 219|356+50 935 48 134.956| ANFO 0.03 0.07 0.06| 0.06|N/A 0.08
7/26/95| 16:20 20|Lloyd's Room 20|356+50 750 48 108.253 ANFO 0.03 0.04 0.05| 0.04/N/A 0.05
7/26/95| 16:20 21|Entrance 41/356+50 980 48 141.451 | ANFO 0.03 0.04 0.06| 0.03|N/A 0.07
7/28/95| 10:10 16|Hanging Balcony 51/356+00 960 48 138.564 ANFO 0.03 0.03 0.04| 0.02|N/A 0.04
7/28/95| 10:10 17|INS 107|356+00 1000 48 144.338 ANFO 0.03 0.03 0.06] 0.03|N/A 0.06
7/28/95| 10:10 18|Jacob's Room 220/356+00 940 48 135.677|ANFO 0.03 0.05 0.13| 0.05|N/A 0.13
7/28/95|10:10 20|Lloyd's Room 211356400 760 48 109.697|ANFO 0.03 0.05 0.04| 0.04|N/A 0.06
7/28/95{10:10 21|Entrance 421356+00 1000 48 144,338 ANFO 0.03 0.04 0.07/ 0.03/N/A 0.08
7/28/95| 16:10 17|INS 108|353+50 1010 110 96.300|ANFO 0.03 0.04 0.05] 0.05|N/A 0.06
7/28/95{ 16:10 18|Jacob's Room 221|353+50 990 110 94.393|ANFO 0.03 0.03 0.04] 0.02|N/A 0.04
7/28/95| 16:10 20|Lloyd's Room 221353450 850 110 81.044|ANFO 0.03 0.03 0.04| 0.03|N/A 0.04
7/28/95| 16:10 21|Entrance 43|353+50 1050 110 100.114 ANFO 0.03 0.04 0.07| 0.04/N/A 0.07
7/31/95| 16:48 17[INS 109|356+00 1000 92.5 103.975|ANFO 0.03 0.04 0.04| 0.04|N/A 0.05
7/31/95| 16:48 18|Jacob's Room 222|356+00 940 92.5 97.737|ANFO 0.03 0.04 0.05| 0.04|N/A 0.05
7/31/95| 16:48 20|Lloyd's Room 23|356+00 760 92.5 79.021|ANFO 0.03 0.04 0.05! 0.03/N/A 0.06
7/31/95 16:48 21|Entrance 45/356+00 1000 92.5 103.975|ANFO 0.03 0.05 0.06/ 0.03|N/A 0.07
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Date Time |Unit# |Location Event # |Blast Location |Distance |ibs/delay |Scale Distance |Type of Blast |Trigger Level | Transverse [Vertical |Radial |Acousitic [Vector Sum
(ft) (ft) (in/s) (in/s) (in/s) {(in/s) | (db) (in/s)

8/1/95| 14:19 16|Hanging Balcony 56|355+70 975 92.5 101.376|ANFO 0.03 0.02 0.04] 0.02|N/A 0.04

8/1/95| 14:19 17{INS 110[355+70 1005 92.5 104.495 ANFO 0.03 0.04 0.06] 0.03|N/A 0.06

8/1/95| 14:19 18|Jacob's Room 223|355+70 950 92.5 98.776|ANFO 0.03 0.07 0.05| 0.05|N/A 0.07

8/1/95| 14:19 20|Lloyd's Room 24(355+70 775 92.5 80.581|ANFO 0.03 0.04 0.05| 0.02|N/A 0.05

8/1/95| 14:19 21|Entrance 46|355+70 990 92.5 102.935|ANFO 0.03 0.05 0.06] 0.03|N/A 0.07
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APPENDIX D

NON-BLAST

SEISMOGRAPH LOG



Non-Blast Seismographs

Date Time Unit # |Location Event # |Trig Lev |Tangent |Vertical |Radial |Air Blast |Vector Sum |Cause
5/14/95 8:32 16 /Hanging Balcony 1 0.03 0.01 0.05| 0.02|N/A 0.050|Unknown; probable tour traffic
5/15/95 4:24| 492]|Jacob’s Room 1 0.03| 0.495 0.5| 0.49|N/A 0.000|Seli-Calibration
5/16/95 8:11 21|Entrance 1 0.03 0.04 0.06| 0.03|N/A 0.060| Unknown; probable tour traffic
5/16/95 8:12 21|Entrance 2 0.03 0.01 0.05| 0.01|N/A 0.050|Unknown; probable tour traffic
5/16/95 17:32 17]INS 1 0.03 0.16 0.08/ 0.08/N/A 0.180|Uknown; probable downloading
5/19/95 23:57| 492|Jacob’s Room 2 0.03] 0.495| 0.495| 0.495N/A 0.000|Seif-Calibration
5/29/95 5:21| 492|Jacob’'s Room 6 0.03| 0.495] 0.495| 0.495|N/A 0.000|Seli-Calibration
6/1/95 16:25 16|Hanging Balcony 2 0.03 0.01 0.01] 0.05|N/A 0.050|Unknown
6/1/95 16:29 17|INS 9 0.03 0.03 0.01] 0.01|N/A 0.030|Unknown
6/6/95 6:47] 492|Jacob's Room 9 0.03] 0.495| 0.495] 0.495|N/A 0.000]Self-Calibration
6/7/95 14:16 16{Grand 4 0.03 0.02 0.03| 0.01|N/A 0.030|Unknown; probable tour
6/8/95 15:17 17|INS 16 0.03 0.04 0.01| 0.01|N/A 0.040|Unknown; possible thunder
6/8/95 15:18 17|INS 17 0.03 0.07 0.03| 0.04|N/A 0.070|Unknown; possible thunder
6/8/95 15:19 17[INS 18 0.03 0.03 0.01] 0.01|N/A 0.030|Unknown; possible thunder
6/9/95 18:01 21|Entrance 9 0.03 0.06 0.05| 0.05|N/A 0.090|Downloading
6/12/95 10:47 21|Entrance 10 0.03 0.09 0.06/ 0.07|N/A 0.010|Changing Batteries
6/12/95 - 17:45 16|Hanging Balcony 5 0.03 0.02 0.04; 0.02|N/A 0.040| Downloading
6/16/95 10:11 16|Hanging Balcony 7 0.03 0.03 0.05] 0.06{N/A 0.060|Tour in Cave
6/16/95 10:14 16|Hanging Balcony 8 0.03 0.02 0.07| 0.03|N/A 0.070|Tour in Cave
6/16/95 13:01 16{Hanging Balcony 9 0.03 0.02 0.05| 0.02|N/A 0.050|Tour in Cave
6/17/95/10:30-13:43 17]INS 28-122 0.03|N/A N/A N/A  |[N/A N/A Instrument Malfunction
6/19/95 13:40 16|Hanging Balcony 10 0.03 0.03 0.02] 0.04|N/A 0.050|Tour in Cave
6/19/95 19:31| 491|Helictite 13 0.03 0.5 0.49] 0.49{N/A 0.000|Manual Calibration
6/20/95 13:51 19]INS 1 0.08 0.02 0.32] 0.02[N/A 0.320|Before Installation
6/23/95 11:30 19|INS 3 0.03 0.01 0.03| 0.01|N/A 0.030|Unknown
6/26/95 23:06| 492|Jacob’s Room 22 0.03| 0.495| 0.495 0.495|N/A 0.000| Self-Calibration
6/28/95 1:49 19[INS 5 0.03 0.52 0.53| 0.51|N/A 0.000| Self-Calibration
6/29/95 11:57 16|/Hanging Balcony 11 0.03 0.01 0.03] 0.01|N/A 0.030|Tour in Cave
6/29/95 11:57 16/Hanging Balcony 12 0.03 0.03 0.03] 0.02|N/A 0.030|Tour in Cave
6/29/95 12:14 16|Hanging Balcony 13 0.03 0.04 0.05| 0.11|N/A 0.110|Tour in Cave
6/29/95 12:35 16|Hanging Balcony 14 0.03 0.01 0.04] 0.01|N/A 0.040|Tour in Cave
6/29/95 13:07 16|Hanging Balcony 15 0.03 0.03 0.07| 0.02|/N/A 0.070|Tour in Cave
7/1/95 18:04| 492|Jacob’'s Room 28 0.03{ 0.025| 0.035] 0.02|N/A 0.040|Downloading (No physical contact with instrument)
7/4/95 12:23 16|Hanging Balcony 18 0.03 0.06 0.02| 0.07|N/A 0.090|Tour in Cave
7/4/95 12:53 16|Hanging Balcony 19 0.03 0.01 0.01] 0.05/N/A 0.050|Tour in Cave
7/4/95 12:53 16|Hanging Balcony 20 0.03 0.01 0.02] 0.03|N/A 0.030|Tour in Cave
7/4/95 12:53 16|Hanging Balcony 21 0.03 0.02 0.03| 0.04|N/A 0.040|Tour in Cave
7/4/95 14:34 16|Hanging Balcony 22 0.03 0.01 0.03] 0.02|N/A 0.030|Tour in Cave
7/5/95 6:03 19]INS 9 0.03 0.53 0.52] 0.52|N/A 0.000|Self-Calibration
7/5/95 6:08| 492|Jacob's Room 29 0.03 0.5 0.5] 0.495|N/A 0.000|Self-Calibration
7/5/95 10:38 16{Hanging Balcony 23 0.03 0.01 0.04! 0.02|N/A 0.040|Tour in Cave
7/5/95 12:55 16/Hanging Balcony 24 0.03 0.02 0.03] 0.04/N/A 0.040|Tour in Cave
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Non-Blast Seismographs

Date Time Unit # |Location Event # |Trig Lev |Tangent |Vertical |Radial | Air Blast |Vector Sum |Cause
7/7/95 10:34 16/Hanging Balcony 26 0.03 0.01 0.03] 0.01|N/A 0.030{Tour in Cave
7/7/95 10:34 16/Hanging Balcony 27 0.03 0.01 0.03] 0.01|N/A 0.030|Tour in Cave
7/7/95 17:52 16|Hanging Balcony 29 0.03 0.03 0.02] 0.02|N/A 0.040|2 Min after blast
7/8/95 8:42 16|Hanging Balcony 30 0.03 0.03 0.02| 0.02|N/A 0.040{Tour in Cave
7/8/95 9:15 16|Hanging Balcony 31 0.03 0.03 0.02] 0.02|N/A 0.040|Tour in Cave
7/8/95 9:20 16|Hanging Balcony 32 0.03 0.03 0.02] 0.02|N/A 0.040|Tour in Cave
7/8/95 9:21 16|Hanging Balcony 33 0.03 0.03 0.01] 0.02|N/A 0.030|Tour in Cave
7/12/95 9:45 16|Hanging Balcony 35 0.03 0.01 0.03] 0.02|N/A 0.030|Tour in Cave
7/12/95 4:26] 492|Jacob's Room 30 0.03] 0.495 0.5| 0.495|N/A 0.000|Self-Calibration
7/13/95 11:43 16|Hanging Balcony 36 0.03 0.01 0.03] 0.01|N/A 0.030|Tour in Cave
7/14/95 9:55 16|Hanging Balcony 38 0.03 0.01 0.03] " 0.01|N/A 0.030|Tour in Cave
7/14/95 13:49 16/Hanging Balcony 39 0.03 0.02 0.02| 0.04|N/A 0.040Tour in Cave
7/14/95 16:20 21|Entrance 34 0.03 0.03 0.02] 0.02|N/A 0.040|3 Minutes after blast/ Unknown
7/17/95 11:30 16|Hanging Balcony 42 0.03 0.01 0.01] 0.04|N/A 0.040|Tour in Cave
7/21/95 12:58 16|Hanging Balcony 46 0.03 0.03 0.07] 0.04|N/A 0.070|Tour in Cave
7/21/95 14:49 16|Hanging Balcony 47 0.03 0.02 0.03] 0.02|N/A 0.030|Tour in Cave
7/24/95 12:58 21|Entrance 39 0.03 0.03 0.02] 0.02|N/A 0.040|Unknown
7/26/95 12:32 16|Hanging Balcony 49 0.03 0.02 0.07| 0.02|N/A 0.070|Tour in Cave
7/29/95 13:44 16|Hanging Balcony 52 0.03 0.01 0.03] 0.01|N/A 0.030|Tour in Cave
7/31/95 8:02 21|Entrance 44 0.03 0.03 0.02] 0.02|N/A 0.040|Unknown
8/1/95 11:33 16{Hanging Balcony 53 0.03 0.06 0.07] 0.08|N/A 0.090|Tour in Cave
8/1/95 11:33 16|Hanging Balcony 54 0.03 0.04 0.05] 0.03/N/A 0.050|Tour in Cave
8/1/95 11:33 16|Hanging Balcony 55 0.03 0.02 0.05] 0.03|N/A 0.050|Tour in Cave
8/3/95 10:24 16|Hanging Balcony 57 0.03 0.01 0.03| 0.01|N/A 0.030|Tour in Cave
8/4/95 10:46| 492|Helictite 134 0.03| 0.505 0.51 0.5|N/A 0.000|Self-Calibration
8/5/95 12:49 16|Hanging Balcony 58 0.03 0.02 0.03] 0.02|N/A 0.030|Tour in Cave
8/5/95 12:49 16|Hanging Balcony 59 0.03 0.01 0.05] 0.01|N/A 0.050|Tour in Cave
8/5/95 12:49 16 |Hanging Balcony 60 0.03 0.01 0.04] 0.01|N/A 0.040|Tour in Cave
8/6/95 14:40 16 |Hanging Balcony 61 0.03 0.01 0.03] 0.01|N/A 0.030|Tour in Cave
8/7/95 22:47| 492|Helictite 135 0.03 0.5 0.5] 0.49|N/A 0.000|Self-Calibration
8/11/95 10:48| 492|Helictite 136 0.03 0.5 0.495| 0.495|N/A 0.000|Self-Calibration
8/12/95 14:22 16|Hanging Balcony 62 0.03 0.03 0.03| 0.06|N/A 0.060|Tour in Cave
8/12/95 14:45 16|Hanging Balcony 63 0.03 0.28 0.52] 0.27|N/A 0.570{Downloading
8/12/95 14:45 16|Hanging Balcony 64 0.03 0.82 0.08 0.5|N/A 0.920|Downloading
8/15/95 13:46 18|Jacob's Room 224 0.03 0.02 0.04| 0.02|N/A 0.040|Unknown
8/18/95 11:11 16 Hanging Balcony 65 0.03 0.01 0.03] 0.02|N/A 0.030|Tour in Cave
8/19/95 12:32 16 | Hanging Balcony 66 0.03 0.07 0.07| 0.07|N/A 0.090{Tour in Cave
8/19/95 12:32 16|Hanging Balcony 67 0.03 0.1 0.13; 0.21|N/A 0.210|Tour in Cave
8/19/95 14:19 16|Hanging Balcony 68 0.03 0.01 0.03| 0.01|N/A 0.030|Tour in Cave
8/20/95 15:07 16|Hanging Balcony 69 0.03 0.05 0.06 0.1{N/A 0.110|Tour in Cave
8/24/95 11:30 16{Hanging Balcony 70 0.03 0.47 0.22] 0.26|N/A 0.580|Tour in Cave
8/26/95 12:05 16 |Hanging Balcony 71 0.03 0.27 0.15; 0.18|N/A 0.350|Downloading
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Non-Blast Seismographs

Date Time Unit # |Location Event #|Trig Lev |Tangent|Vertical |Radial |Air Blast |Vector Sum |Cause
8/26/95 1205 16|Hanging Balcony 72 0.03 0.14 0.08/ 0.09|N/A 0.180|Downloading
8/26/95 12:05 16{Hanging Balcony 73 0.03 0.26 0.14] 0.17|N/A 0.340 | Downloading
8/26/95 12:26 20|Lloyd's Room 25 0.03 0.08 0.1 0.07[N/A 0.100| Downioading
9/12/95 15:48 17]INS 15:49 0.03 0.02 0.06] 0.06|N/A 0.070{Downloading
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Rock Mechanics and Explosives Research Center
Crystal Cave Project
Unit 21
Location: Entrance

Event: 003 Date: 5/23/95 Time: 16:33
Air Trigger: 142 dB Seis Trigger: 0.03 1n/s ~ 8/N: 21

Amplitudes and Frequencies Graph Information

Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec

Radial: 0.02 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)

Vertical: 0.04 in/s 39.3 Hz. Seis: 0.05 in/s (0.0125 in/s/div)

Transverse: 0.02 in/s 0.0 Hz. S Time Lines at: 0.50 sec intervals
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i Rock Mechanics and Explosives Research Center
Crystal Cave Project
Unit 21
Location: Entrance
Event: 004 Date: 5/30/95 Time: 16:44
Air Trigger: 142 dB Seis Trigger: 0.03 1n/s _§/N: 21
Amplitudes and Frequencies Graph Information
Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.02 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.04 in/s 34.1 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse O 02 1n/s 0.0 Hz. Time Lines at: 0.50 sec intervals
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Rock Mechanics and Explosives Research Center
Crystal Cave Project
Unit 21
Location: Entrance

_Event: 005 Date: 6/ 2/95 Time: 17:29
Air Trigger: 142 dB Seis Trigger: 0.03 1n/s S/N: 21
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Unit 21
Location: Entrance
Event: 006 Date: 6/ 6/95 Time: 17:21
Air Trigger: 142 dB  Seis Trigger: 0.03 1n/s S/N: 21 o
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Rock Mechanics and Explosives Research Center
Crystal Cave Project
Unit 21
Location: Entrance

‘ _Event: 007 Date: 6/ 7/95 Time: 17:55
Air Trigger: 142 dB Seis Trigger: 0.03 1n/s_m S/N: 21

o 25‘”“50““”75”_100

_ ; ﬂ #r‘ﬁJ“ﬂ\(ﬁl i-_‘ .
0 i*’“m j J‘/W&’“T" wv,»,mx'aafwgéue,-..@iﬂ.«é 0 0 (lr'l"f‘ﬁ\f ?%éﬁfli ’v i\f{.‘l\’i\’é‘?ﬁ(\)&fn'ﬁ*«‘r«ﬁ'ﬂ:"wg'-m,'v‘ﬁ?:-i% o O 4}{""'{"1‘!‘} . zé 'm'h g«fO' ST

Frequency (Hz) _Frequency (Hz) ~~ Frequency (Hz)  Freguency (Hz)

Amplitudes and Frequencies Graph Information

Acoustic: 0 dB 0.0 HBz. Duration: 0.000 sec To: 4.500 sec

Radial: 0.02 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)

Vertical: 0.02 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)

Transverse: 0.04 in/s 21.3 Hz. Tlme Llnes at 0 50 sec 1ntervals

- SRS Mt LS it heioie —Ea1 "5 5
y — _//A\\\\//A
— Cal 0.54

. PERN
E"HUWUU’U’U"U’U\IMJ’_”I!UU.U-UUULM"——LH ] i fiLT0 A B TV | e D ] S g \//
I Cal 0.51
& -
_ﬂﬁ—mWWTﬂMﬁquﬁﬂWVVW“m“UUUL—Tmmmm_LLL___u_JJuw Y T - \\\\\\///
— Cal 0.55 .
Ef lmmme UL UL T VUL UM T \///\\\\M//
oUs U.508 "T0US 1.508 27008 27508 37008 37508 2008 4.50s

Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 0.00 Hz Peak = 0.88 Hz Peak = 0.88 Hz .Peak = 25.00 Hz
1 — 1. 1. 1 ..

!xm iy (V‘J
'S

100




Universit vy of "TMigsouri-Rolla - T
Rock Mechanics and Explosives Research Center
Crystal Cave Project
Unit 21
Location: Entrance
Event: 008 Date: 6/ 9/95 Time: 16:17
Air Trigger: 142 dB Seis Trigger: 0.03 in/s Wm§lﬂiwg¥m“_AMMMMMw““m"wwwm_m
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Transverse: 0.03 in/s 0.0 Hz. Time Lines at: 0.50 sec intervals
= T TTTTCal 0% T
— ,/
A s aan e \/\
- ‘ , Ccal 0.53
- . P
By A s : =N
E Cal 0.52
//
- wMW4#—mmummu_mmmL_Lmvr : - \\\\\//
- cal 0.54
— P
—?—r—w\[\,\f\N\/\mN‘d\/\ﬂ\Wmemem v » , — \
0.00s ‘O.SOS l1.005; J'_L.SOS IZ_IC)()E"W"_'IZ’.50§"""__I3 I"O'Oé"”""""fl .50s |4‘Z'OO§"""" '14 .50s
Fourier Analysis (Amplitude Spectrum) -
Acoustic Radial Vertical Transverse
Peak = 0.00 Hz Peak = 0.88 Hz Peak = 0.88 Hz Peak = 0.88 Hz
1 — 1 — 1. 1 .
L _ _ ]
{
- | A, " Jlutaw & i i,
X T il ﬂ;h‘}ﬁﬂ‘ﬁ jﬁ#’tr"'l etk 'r",,"\","\,‘f w W N | Wl ST 'lyl‘. [, ,*'y"‘l‘-'ﬁll"l‘\-\\\ o "‘;".‘-\"!'; Sy i
0 o 2]5 "'_"SIU“""""7’5"_'1'(')O 0 ““""215_'" 50 H ""}}75'h ’ 160 04" 25 7 510l o P}“S o 1%0 0 o - 2|5 | 50 e 78 ‘ 160
Frequency (Hz) ~_Frequency (Hz) ~ Frequency (Hz) ~Frequency (Hz)




University of Missouri-Rolla ’ e ey
Rock Mechanics and Explosives Reseaxch Center
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Unit 21
Location: Entrance

_Event: 011 Date: 6/12/95 Time: 17:24
Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 21
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Transverse: 0.04 in/s 15.0 Hz. Tlme Llnes at 0.50 sec intervals
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Location: Entrance
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Location: Entrance
) Event: 015 Date: 6/16/95 Time: 11:05
Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 21 o ]
Amplitudes and Frequencies Graph Information
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Fourier Analysis (Amplitude Spectrum)
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Unit 21
Location: Entrance
. Event: 016  Date: 6/16/95 Time: 17:53
Air Trigger: 142 dB  Seis Trigger: 0.03 in/s  g/N: 21 o N
Amplitudes and Frequencies Graph Information
Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.03 in/s 0.0 Hz. Acoustic: 0.20 Mb {(0.05 Mb/div)
Vertical: 0.03 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.02 in/s 0.0 Hz. Time Llnes at: 0.50 sec 1ntervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 0.00 Hz Peak = 0.88 Hz Peak = 0.88 Hz Peak = 0.88 Hz
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Unit 21
Location: Entrance

Event: 017 Date: 6/17/95 Time: 9:13
Air Trigger: 142 dB  Seis Trigger: 0.03 1n/s S/N: 21

Amplltudes and Frequencies Graph ‘Information
Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.02 in/s 0.0 H=z. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.04 in/s ©56.8 Hz. .| Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.03 in/s 0.0 Hz. : Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 13.63 Hz Peak = 0.88 Hz Peak = 0.88 Hz Peak = 0.88 Hz
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Unit 21
Location: Entrance
Event: 018 Date: 6/21/95 Time: 18:18
Air Trigger: 142 dB  Seis Trigger: 0.03 1n/s __8/N: 21 o B
Amplltudes and Frequencies Graph Information
Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.03 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.03 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.03 in/s 0.0 Hz. Time Lines at O 50 sec 1ntervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 0.00 Hz Peak = 0.88 Hz Peak = 0.88 Hz Peak = 0.88 Hz
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Crystal Cave Project
Unit 21 _
Location: Entrance

Event: 019

. Date: 6/23/95
Air Trigger:.142 dB

Seis Trigger:

Time: 17:40
0.03 1n/s

S/N: 21

Amplitudes and Frequencies Graph Information S
Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.02 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.02 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.03 in/s 0.0 Hz. Time Lines at: 0.50 sec 1ntervals
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Fourier Analysis {(Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 0.00 Hz Peak = 0.88 Hz Peak = 0.88 Hz Peak = 0.88 Hz
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Unit 21
Location: Entrance
Event: 020 Date: 6/28/95 Time: 17:37
Air Trigger: 142 dB  Seis Trigger: 0.03 1n/s_ S/N: 21 i o
Amplitudes and Frequencies Graph Information

Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec

Radial: 0.02 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)

Vertical: 0.01 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)

Transverse: 0.03 in/s 0.0 Hz. Tlme Llnes at: 0.50 sec 1ntervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 0.88 Hz Peak = 0.88 Hz Peak = 0.88 Hz Peak = 0.88 Hz
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Rock Mechanics and Explosives Research Center
Crystal Cave Project

Event: 021
o Alr Trlgger 142 daB

Amplltudés and Frequenc1es
Acoustic: 0 dB 0.0 Hz.

Radial: 0.03 in/s . 0.0 Hz.

Vertical: 0.04 in/s 39.3 Hz.
Trangverse: 0.04 in/s 32.0 Hz.

Unit 21
Location:

Date: /
Seis Trigger:

Entrance

Time: 17:47
0.03 1n/s S/N: 21

Graph Information
Duration: 0.000 sec To: 4.500 sec
Acoustic: 0.20 Mb (0.05 Mb/div)
Seis: 0.05 in/s (0.0125 in/s/div)
Time Lines at: 0.50 sec intervals
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Crystal Cave Project
Unit 21
Location: Enterance
' _Event: 022 Date: 6/29/95 Time: 17:33
Air Trigger: 142 dB Seis Trigger: 0.03 1n/s S/N: 21
Amplitudes and Frequencies Graph Information

Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
'Radial: 0.02 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)

Vertical: 0.05 in/s 34.1 Hz. Seis: 0.05 in/s (0.0125 in/s/div)

Transverse: 0.04 in/s 32.0 Hz. Time Lines at: 0.50 sec intervals )
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 0.00 Hz _ Peak = 0.88 Hz Peak = 30.88 Hz Peak = 0.88 Hz
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Unit 21
Location: Enterance
Event: 024 Date: 7/ 1/95 Time: 12:35
Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 21
Amplitudes and Frequencies Graph Information
Acoustic: 100 dB 0.0 H=z. ' Duration: 0.000 sec To: 4.500 sec
Radial: 0.03 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.07 in/s 39.3 Hz. Seis: 0.07 in/s (0.0175 in/s/div)
Transverse: 0.04 in/s 24.3 Hz. Tlme Llnes at 0.50 sec 1ntervals
L e 1. 2. AR sl D96
7 _ _ e e e e _
s _ \\\\\//A
____ Cal 0.53
B‘r‘““_““‘ﬂnf\N\N\{\]WVJ\WM ! ANSTI IS Y L T " W //\/ v
g Cal 0.52
N v UUUUUR T T y //
- e
E Cal 0.54
E—-———-—— v-NV\N\AN\N\J\J\FJ\/\w\fl\r”\j\_yumn_n_xwu_mmr‘nmrv——rr‘——“""“ Tom T T T S ¢ S ~ -~ \\ /
6.008 ‘07508 17008 17508 I2m00§"''"“‘2m50§"“"“‘"l3"00§_'"wwl3'50§ 4 OOS“”M"4 SOS
Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 35.25 Hz Peak = 0.88 Hz Peak = 34.88 Hz Peak = 0.88 Hz
1 1 — 1 — 1
B %ﬁ Mﬂ " Hf H ’J\
*}‘A’ ﬁ j VJ R A*l‘“‘\ 4 “ "\ﬂ 'MV\' RN S (I M’Y MWK‘ i ‘I‘r‘? ‘”url\ K P ) 1«
00_—m2% """"" ~§0—""%5_m160 O(Y__"fS '7 b E‘*W\‘*é - - «u ﬁwhﬁ E 00 ()O"*“25"' & 75M\
Frequency (Hz) Frequency (Hz) = _F?‘EEIH,G.ECX_ Hz) F;?qt}?ns:y, (Hz)




University of Miggouri-Rolla =~
Rock Mechanics and Explosives Research Center
Crystal Cave Project

Unit 21
Location: Enterance
Event: 025 Date: 7/ 5/95 Time: 17:25
Air Trigger: 142 dB  Seis Trigger: 0.03 in/s S/N: 21 o
Amplitudes and Frequencies Graph Information
Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.04 in/s 26.9 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.05 in/s 36.5 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.04 in/s 30.1 Hz. Time Lines at: 0 50 sec 1ntervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
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Unit 21
Location: Enterance
_Event: 026 Date: 7/ 6/95 Time: 18:22
Air Trigger: 142 dB Seis Trigger: 0.03 %E[E_uw§[§__2¥___ e
Amplitudes and Frequencies Graph Information
Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.05 in/s 18.9 Hz. Acousgtic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.05 in/s 36.5 Hz. Seisg: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.03 in/s 0.0 Hz. Time Llnes at O 50 sec 1ntervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 0.88 Hz Peak = 0.88 Hz Peak = 0.88 Hz Peak = 0.88 Hz
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Unit 21
Location: Enterance

“Event: 027 Date: 7/ 7/95 Time: 17:50
Air Trigger: 142 dB  Seis Trigger: 0.03 1n/s S/N: 21

Amplitudes and Frequencies Gfaﬁﬁﬂfnféiﬁatlonm““m )
Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.04 in/s 26.9 Hz. : Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.04 in/s 42.6 Hz. Seis: 0.05 in/s (0.0125 in/g/div)
Transverse: 0.03 in/s 0.0 Hz. Time Lines at: O 50 sec 1ntervals
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Fourier Analy81s (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
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Unit 21
Location: Enterance

Event: 028 Date: 7/ 8/95 Time: 15:32

Air Trigger: 142 dB  Seis Trigger: 0.03 1n/s S/N: 21
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Amplitudes and Fregquencies Graph Information o -

Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec

Radial: 0.04 in/s 22.2 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)

Vertical: 0.03 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)

Transverse: 0.04 in/s 25.6 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 1.88 Hz Peak = 0.88 Hz Peak = 0.88 Hz Peak = 20.25 Hz
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Unit 21
Location: Enterance

Event: 029 Date: 7/10/95 Time: 17:23
. Alr Trigger: 142 dB  Seis Trigger: 0.03 in/s  §/N: 21
Amplitudes and Frequencies

Craph Information

Acoustic: 106 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec

Radial: 0.04 in/s 23.2 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)

Vertical: 0.07 in/s 36.5 Hz. Seis: 0.07 in/s (0.0175 in/s/div)

Transverse: 0.06 in/s 26.9 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 1.63 Hz Peak = 0.88 Hz Peak = 28.00 Hz Peak = 0.88 Hz
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University of " Missouri-Rolla
Rock Mechanics and Explosives Resgsearch Center
Crystal Cave Project
Unit 21
Location: Enterance
Event: 030 Date; 7/11/95 Time: 17:31
Air Trigger: 142 dB Seis Trigger: 0.03 1n/s~h S/N: 21 o o
Amplitudes and Frequencies Graph Information
Acoustic: 106 dAB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.03 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.04 in/s 26.9 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.03 in/s 0.0 Hz. Time Lines at 0.50 sec intervals
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Fourier Analysis (Amplltude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 1.63 Hz Peak = 17.38 Hz Peak = 0.88 Hz Peak = 17.63 Hz
1 . — : 1 — 1, — 1
) )H \f '\( fe= ( M
{ ! f J Bl \ VL A ff"ﬂ i
L e, e \ i W NM- Vit s J f | J “b st é}' b i i bt
0 OJ j - u((f Tf)o 0 _*—__—2’5_"‘5%"”“"\7%’H 100 0 ”““‘21 x = lm H 0 (U "2!5'" ”So " '791‘“5\ Ml(‘)O
Freq}&_e_zl_gy <HZ> Frequency (Hz) F_requ%?qy,__(_ﬁ%l_ _ Frequency (Hz)




University of Migsouri-Rolla
Rock Mechanics and Explosiveg Research Center
Crystal Cave Project

Frequency (Hz) Frqusggy,ﬁﬁzld_.Anwar F%ﬁquencyu(ﬂz>ﬂw

Unit 21
Location: Enterance
Event: 031 Date: 7/12/95 Time: 17:42
R Air Trigger: 142 dB  Seis Trigger: 0.03 in/s s/N: 21 e
Amplltudes and Frequencies Graph Information
Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.03 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.02 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.04 in/s 24.3 Hz. Time Lines at 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 0.88 Hz Peak = 0.88 Hz Peak = 0.88 Hz Peak = 0.88 Hz
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University of MigSoUri~Rolla
Rock Mechanics and Explosives Research Center
Crystal Cave Project
Unit 217
Location: Enterance
. _Event: 032 Date: 7/13/95 Time: 16:39
Air Trigger: 142 dB Seis Trigger: 0.03 in/s s$/N: 212
Amplitudes and Fregquencies Graph Information
Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.05 in/s 21.3 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.06 in/s 32.0 Hz. Seig: 0.06 in/s (0.015 in/s/div)
Transverse: 0.06 in/s 26.9 Hz. Time Lines at: 0.50 sec 1ntervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 0.88 Hz Peak = 18.25 Hz Peak = 0.88 Hz Peak = 0.88 Hz
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University of Migscuri-Rolla

Rock Mechanics and Explosives Research Center
Crystal Cave Project
Unit 21
Location: Enterance

Event: 033 Date: 7/14/95 Time: 16:17
Air Trigger: 142 dB Seis Trigger: 0.03 1n/sA_ S/N 21

Graph Information
Duration: 0.000 sec To: 4.500 gec
Acoustic: 0.20 Mb (0.05 Mb/div)
Seis: 0.05 in/s (0.0125 in/s/div)
Tlme Llnes at. O 50 sec 1ntervals

Acoustic: 100 dB 0.0 Hz.
Radial: 0.04 in/s 21.3 Hz.
Vertical: 0.05 in/s 36.5 Hz.
Transverse: 0.04 in/s 26.9 Hz.
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 1.75 Hz Peak = 0.88 Hz Peak = 26.50 Hz Peak = 26.25 Hz
1 — j R— 1 - 1 -
\l ,M ﬁ % &l\N i : mm ]
AWE¥W¢%WMMW%‘% ot M‘ | \JM¢W“®wmﬁhdw ‘Mh - uYMPh\ U b ' MMmM$Mﬁ¢AW$WM
OU___J%{""Sb"ﬁLQ%MﬂlOO ()U_—_Z'_"“ <1OO O(fw'“ZSﬁ"“5 ’| é '“2%'"'50 " %5 100
Frequency (Hz) Frequency <Hz> _ ,M_F}fﬁqg@_f:ym(ﬁz>___~_,__- _Frequency (Hz)

Amplitudes and Frequencies T

tral 096 0 T




Rock Mechanics and

Event: 035
Air Trigger: 142 dB

University of "Migsouri-Rolla

Location:

Date: :
Seis Trigger: 0.03 in/s

Explosives Research Center

Crystal Cave Project

Unit 21
Enterance
14:29

7/15/95 Time:

S/N: 21

Amplitudes and Frequencies

Graph Information

_Frequency (Hz)

.. _Frequency (Hz)

Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.04 in/s 32.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.06 in/s 42.6 Hz. Seis: 0.06 in/s (0.015 in/s/div)
Transverse: 0.03 in/s 0.0 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 1.63 Hz Peak = 0.88 Hz Peak = 0.88 Hz Peak = 0.88 Hz
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URivVergity &6f Misgouri=Rolla oo o o
Rock Mechanics and Explosives Research Center
Crystal Cave Project
Unit 21
Location: Enterance

Event: 036  Date: 7/17/95 Time: 16:35
Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 21

Amplitudes and Frequencies Graph Information = -
Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.03 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.05 in/s 36.5 Hz. : Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.04 in/s 28.4 Hz. Tlme Llnes at 0.50 sec intervals
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Fourier Analy51s (Amplltude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 2.63 Hz Peak = 32.00 Hz Peak = 28.63 Hz Peak = 22.63 Hz
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University of Missouri-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 21
Location: Enterance

Event: 037 Date: 7/18/85 Time: 16:52
Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 21
Amplitudes and Freguencies Graph Information

Acoustic: 106 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec

Radial: 0.03 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)

Vertical: 0.04 in/s 42.6 Hz. Seis: 0.05 in/s (0.0125 in/s/div)

Transverse: 0.05 in/s 26.9 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 1.25 Hz Peak = 0.88 Hz Peak = 0.88 Hz Peak = 23.00 Hz
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University of Missouri-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 21
Location: Enterance

Event: 040 Date: 7/25/95 Time: 16:27
Alr Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 21

Amplitudes and Frequencies Graph Information
Acoustic: 100 dB 0.0 Hz. ' Duration: 0.000 sec To: 4.500 sec
Radial: 0.02 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.04 in/s 42.6 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.04 in/s 26.9 Hz. Time Lines at: 0.50 sec intervals
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. Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
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University of Missouri-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 21
Location: Enterance

Event: 041 Date: 7/26/95 Time: 16:21
Air Trigger: 142 4B Seis Trigger: 0.03 in/s S/N: 21

Amplitudes and Frequencies Graph Information
Acoustic: 100 4B 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.03 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.06 in/s 36.5 Hz. _ Seis: 0.06 in/s (0.015 in/s/div)
Transverse: 0.04 in/s 30.1 Hz. ' Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
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University of Missouri-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 21
Location: Enterance

Event: 042 Date: 7/28/95 Time: 10:10
Alr Trigger: 142 4B Seis Trigger: 0.03 in/s S/N: 21

Amplitudes and Frequencies Graph Information
Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.03 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.07 in/s 39.3 Hz.. Seis: 0.07 in/s (0.0175 in/s/div)
Transverse: 0.04 in/s 46.5 Hz. Time Lines at: 0.50 sec intervals .
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 1.50 Hz Peak = 0.88 Hz Peak = 0.88 Hz Peak = 0.88 Hz
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University of Missouri-Rolla
Rock Mechanics and Explosive Research Center

Crystal Cave Project

Unit 21
Location: Enterance
Event: 043 Date: 7/28/95 Time: 16:10
Alr Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 21
Amplitudes and Frequencies Graph Information
Acoustic: 100 dB 0.0 H=z. Duration: 0.000 sec To: 4.500 sec
Radial: 0.03 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.04 in/s 34.1 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.03 in/s 0.0 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 0.88 Hz Peak = 0.88 Hz Peak = 0.88 Hz Peak = 0.88 Hz
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University of Missouri-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 21
Location: Enterance
Event: 045 Date: 7/31/95 Time: 16:48
Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 21
Amplitudes and Frequencies Graph Information

Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec

Radial: 0.03 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)

Vertical: 0.06 in/s 42.6 Hz. Seis: 0.06 in/s (0.015 in/s/div)

Transverse: 0.05 in/s 36.5 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 1.50 Hz Peak = 0.88 Hz Peak = 29.75 Hz Peak = 22.75 Hz
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University of Missouri-Rolla

Crystal Cave Project

Rock Mechanics and Explosive Research Center

Unit 21
Location: Enterance
Event: 046 Date: 8/ 1/95 Time: 14:19
Alr Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 21
Amplitudes and Freguencies Graph Information

Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec

Radial: 0.03 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)

Vertical: 0.06 in/s 32.0 Hz. Seis: 0.06 in/s (0.015 in/s/div)

Transverse: 0.05 in/s 34.1 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
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APPENDIX Eii

FULL WAVEFORM DATA

HANGING BALCONY



University oI Missourl-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 16
Location: Hanging Balcony
Event: 006 Date: 6/14/95 Time: 16:29
Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 16
Amplitudes and Frequencies Graph Information
Acoustic: 106 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.01 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.03 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.01 in/s 0.0 Hz. Time Lines at: 0.50 sec intervals
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University of MissSouri-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 16
Location: Hanging Balcony

Event: 013 Date: 6/29/95 Time: 12:14
Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 16

Amplitudes and Frequencies Graph Information
Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.11 in/s 170.6 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.05 in/s 56.8 Hz. Seis: 0.11 in/s (0.0275 in/s/div)
Transverse: 0.04 in/s 170.6 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
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Peak = 2.63 Hz Peak = 1.13 Hz Peak = 1.38 Hz Peak = 0.88 Hz
1 1, I R

| |
ﬁM@ﬁMﬁ&%ﬂﬂﬂ@@ﬂﬂ@%o OOW@ i WMmmw‘ MM%Q%O 0 'hﬂwwwmyw*ﬁwxw M 1*“W1%#memﬁ“@wmﬂ

75
Frequency (Hz) Frequency (Hz) Frequency (Hz) Frequency (Hz)

e
==




€113

University of Missouri-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 16
Location: Hanging Balcony
Event: 016 Date: 6/29/95 Time: 17:32
Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 16 o o
Amplitudes and Frequencies Graph Information
Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.01 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.03 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.01 in/s 0.0 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 15.25 Hz Peak = 0.88 Hz Peak = 0.88 Hz Peak = 0.88 Hz
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University of Missouri-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 16
Location: Hanging Balcony
Event: 017 Date: 7/'1/95 Time: 12:34
Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 16
Amplitudes and Frequencies Graph Information

Acoustic: 106 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec

Radial: 0.01 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)

Vertical: 0.03 in/s 0.0 Hz. Seisg: 0.05 in/s (0.0125 in/s/div)

Transverse: 0.02 in/s 0.0 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic ., Radial Vertical Transverse
Peak = 15.38 Hz Peak = 0.88 Hz Peak = 0.88 Hz Peak = 0.88 Hz
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University of Missouri-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 16
Location: Hanging Balcony

Event: 028 Date: 7/ 7/95 Time: 17:50
Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 16

Amplitudes and Frequencies Graph Information

Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec

Radial: 0.04 in/s 2.1 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)

Vertical: 0.03 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)

Transverse: 0.04 in/s 1.9 Hz. 1 Time Lines at: 0.50 sec intervals

- ' Cal 0798

= , cal 0.52
uy M i ¥ ™ b ﬁ//A\\\\//
- Cal 0.53

AYA )

__rrﬂm——n\_,r-l_w—r_—“—L——‘, M1 LML AT T T UMM LB T U T LAY ] WU ML N
- Cal 0.48
T I — - - e , . -
IUH_W"L!I_M “‘l‘—“'mu___ﬁ_uu_l_lmu__m TR Y IR YT T AR W liip ~r W ~ /
P ‘0508 T 008 T.508  2.00S 7508 3,008 3508 77008 4.50s

Fourier Analysis (Amplitude Spectrum)
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University ot Missouri-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 16
Location: Hanging Balcony
Event: 034 Date: 7/10/95 Time: 17:22
Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 16 L
Amplitudes and Frequencies Graph Information
Acoustic: 106 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.02 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.03 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.02 in/s 0.0 Hz. Time Lines at: 0.50 sec intervals
. Cal~0.98™"
§' R e T T UM _ Nt e ey /\/
= Cal 0.52
Brrrur ol — 22— T AL T TR T = 1 ~///\\\\//
E Cal 0.52
EWWU_M’MWWWML—WW LML TV LT TR VI 7T TR TR TR T T /\/
- Cal 0.48
E‘F—WUUM}UMHJ{UMWHH — TALL BMVTITW . — A\\\\\\///
UT0Us 0.508 T.008  1.508  Z2.008 2.508 3,008 3,508 Z.008 4 .50s
Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 1.25 Hz Peak = 0.88 Hz Peak = 0.88 Hz Peak = 0.88 Hz
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University of Missouri-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 16
Location: Hanging Balcony

Event: 037 Date: 7/13/95 Time: 16:38
Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 16

Amplitudes and Frequencies " Graph Information
Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.03 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.04 in/s 85.3 Hz. : Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.03 in/s 0.0 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial . Vertical Transverse
Peak = 0.88 Hz Peak = 0.88 Hz Peak = 1.38 Hz Peak = 0.88 Hz
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Uriiversity of Missouri-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 16
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Location: Hanging Balcony
Event: 040 Date: 7/14/95 Time: 16:16
Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 16
Amplitudes and Frequencies Graph Information
Acoustic: 106 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.03 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.05 in/s 56.8 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.03 in/s 0.0 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 15.38 Hz Peak = 0.88 Hz Peak = 64.50 Hz Peak = 0.88 Hz
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University of Missouril-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 16
Location: Hanging Balcony

Event: 041 Date: 7/15/95 Time: 14:28
Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 16
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Amplitudes and Frequencies Graph Information
Acoustic: 106 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.03 in/s 0.0 Hz. . Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.04 in/s ©56.8 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.02 in/s 0.0 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 1.25 Hz Peak = 0.88 Hz Peak = 1.13 Hz Peak = 0.88 Hz
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Univérgsity of Missouri-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 16

Location: Hanging Balcony
Event: 043 Date: 7/17/95 Time: 16:35
Alr Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 16
Amplitudes and Frequencies Graph Information
Acoustic: 106 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.02 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.04 in/s 56.8 Hz. Seisg: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.02 in/s 0.0 Hz. Time Lines at: 0.50 sec intexrvals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial ‘ Vertical Transverse
Peak = 15.13 Hz Peak = 0.88 Hz Peak = 59.88 Hz Peak = 0.88 Hz
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University of Migsouri-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 16
Location: Hanging Balcony

Event: 045 Date: 7/19/95 Time: 16:48
Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 16

Amplltudes and Frequencies Graph Information
Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.02 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.03 in/s 0.0 Hz. Seig: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.02 in/s 0.0 Hz. Time Lines at: 0.50 sec intervals
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University of Missouri-Rolila
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 16 o
Hanging Balcony
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Location:
Event: 048 Date: 7/25/95 Time; 16:26
Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 16
Amplitudes and Frequencies ' Graph Information

Acoustic: 106 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec

Radial: 0.02 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)

Vertical: 0.04 in/s 64.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)

Transverse: 0.02 in/s 0.0 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 15.25 Hz Peak = 0.88 Hz Peak = 0.88 Hz Peak = 0.88 Hz
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University of Missouri-Rolla
Rock Mechanics and Explogive Research Center
Crystal Cave Project
Unit 16
Location: Hanging Balcony

Event: 050 Date: 7/26/95 Time: 16:20
Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 16

cl-11g

Amplitudes and Frequencies Graph Information

Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec

Radial: 0.03 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)

Vertical: 0.04 in/s 73.1 Hz. Seisg: 0.05 in/s (0.0125 in/s/div)

Transverse: 0.02 in/s 0.0 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 1.38 Hz Peak = 0.88 Hz Peak = 0.88 H=z Peak = 0.88 Hz
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Universlty of Missouri-Rolla
Rock Mechanics and Explosgive Research Center
Crystal Cave Project
_ Unit 16
Location: Hanging Balcony
Event: 051  Date; 7/28/95 Time: 10:09
Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 16
Amplitudes and Frequencies Graph Information

Acoustic: 106 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec

Radial: 0.02 in/s 0.0 H=z. Acoustic: 0.20 Mb (0.05 Mb/div)

Vertical: 0.04 in/s 64.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)

Transverse: 0.03 in/s 0.0 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 1.38 Hz Peak = 0.88 Hz Peak = 0.88 Hz Peak = 0.88 Hz
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University of Missouri-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 16
Location: Hanging Balcony
Event: 056 Date: 8/ 1/95 Time: 14:18
Air Trigger: 142 dB Seisgs Trigger: 0.03 in/s S/N: 16
Amplitudes and Frequencies Graph Information
Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.02 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.04 in/s ©51.2 Hz. Seig: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.02 in/s 0.0 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
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University of Missouri-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 16
Location: Hanging Balcony

Event: 003 Date: 6/12/95 Time: 17:28
Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 16
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Amplitudes and Frequencies : Graph Information

Acoustic: 106 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec

Radial: 0.01 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)

Vertical: 0.03 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)

Transverse: 0.01 in/s 0.0 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 14.63 Hz Peak = 0.88 Hz Peak = 13.13 Hz Peak = 0.88 Hz
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APPENDIX Eiii
FULL WAVEFORM DATA

INDIAN SLEEPING CHAMBER



University of Missouri-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 17

Location: Indian Sleeping Chamber
Event: 003 Date: 6/20/95 Time: 15:02
Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 17
Amplitudes and Frequencies - Graph Information
Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.01 in/s 0.0 Hz. Acoustic: 0.20 Mb (0. 95 Mb/div)
Vertical: 0.02 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.04 in/s 170.6 Hz. Time Lines at: 0.50 sec intervals
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University oI Missourili-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 17
Location: Indian Sleeping Chamber

Event: 005 Date: 6/20/95 Time: 15:06
Alr Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 17

Amplitudes and Frequencies : Graph Information-
Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.01 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.02 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.04 in/s 170.6 Hz. Time Lines at: 0.50 sec intervals’
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Fourier Analysis (Amplitude Spectrum)
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University of Missouri-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 17

Location: Indian Sleeping Chamber
‘Event: 006 Date: 6/20/95 Time: 15:08
Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 17 L
Amplitudes and Frequencies Graph Information
Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.03 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.04 in/s 170.6 Hz. Seisg: 0.06 in/s (0.015 in/s/div)
Transverse: 0.06 in/s 5.8 Hz. Time Ljines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
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URiversity of Missouri-Rollad
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 17
Location: Indian Sleeping Chamber
 Event: 007 Date: 6/20/95 Time: 15:10
Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 17
Amplitudes and Frequencies Graph Information
Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.01 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.02 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.04 in/s 170.6 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 0.00 Hz Peak = 0.88 Hz Peak = 1.00 Hz Peak = 0.88 Hz
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University of Missouri-Rolla
Rock Mechanics and Explosive Resgearch Center
Crystal Cave Project
Unit 17

Location: Indian Sleeping Chamber
Event: 008 Date: 6/20/95 Time: 15:12
Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N:

17

Amplitudes and Frequencies Graph Information
Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.01 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.02 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.04 in/s 170.6 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
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University Of MisSsoUuri-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 17
Location: Indian Sleeping Chamber
Event: 010 Date: 6/20/95 Time: 15:16
Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 17
Amplitudes and Frequencies Graph Information
Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.01 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.02 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.04 in/s 170.6 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
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University of Missouri-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 17
Location: Indian Sleeping Chamber
Event: 011  Date: 6/20/95 Time: 15:18
Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 17
Amplitudes and Frequencies Graph Information
Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.01 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.02 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.04 in/s 170.6 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 0.00 Hz Peak = 0.88 Hz Peak = 1.00 Hz Peak = 0.88 Hz
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University of Missouri-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 17
Location: Indian Sleeping Chamber

Event: 012 Date: 6/20/95 Time: 15:20
Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 17

g-ig

Amplitudes and Frequencies Graph Information

Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec

Radial: 0.03 in/s .0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)

Vertical: 0.04 in/s 170.6 Hz. : Seis: 0.06 in/s (0.015 in/s/div)

Transverse: 0.06 in/s 7.8 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
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University of Missouri-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 17
Location: Indian Sleeping Chamber
Event: 013  Date: 6/20/95 Time: 15:22
Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 17
Amplitudes and Frequencies Graph Information
Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.03 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.04 in/s 170.6 Hz. Seig: 0.06 in/s (0.015 in/s/div)
Transverse: 0.06 in/s 4.9 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
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Univergity of Migsouri-Rolla T - T
Rock Mechanics and Explosives Research Center
Crystal Cave Project
Unit 492
Location: Jacob's Room
Event: 018 Date: 6/16/95 Time: 17:52
- Air Trigger: 142 dB  Seis Trigger: 0.03 1n/s_. S/N: 492
Amplltudes and Frequen01es Graph Information
Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 2.500 sec
Radial: 0.03 in/s 34.1 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.04 in/s 51.2 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.02 in/s 56.8 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
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University of Missourili-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
» Unit 17
Location: Indian Sleeping Chamber
)  Event: 019 Date: 6/20/95 Time; 15:34
Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 17
Amplitudes and Frequencies Graph Information
Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.01 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.02 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.04 in/s 170.6 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
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University of Missouri-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project

Unit 17
Location: Indian Sleeping Chamber
 Event: 020 Date: 6/20/95 Time: 15:36
Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 17

Amplitudes and Freguencies Graph Information
Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.03 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.04 in/s 170.6 Hz. Seis: 0.06 in/s (0.015 in/s/div)
Transverse: 0.06 in/s 6.3 Hz. Time Lines at: 0.50 sec intervals
[ Cal 0.98
I —//é\\\\J/A
= Cal 0.48
R T}
R L \//f\\\\J//
. Cal 0.51
v e N
- cal~0.93
T [SNIRY 0 IT
= T Y_/HWI /
U.00E 0508 T.0US T750S 2008 27508 3.008 37508 2,008 4.50s |

Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
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University ot Missouri-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 17
Location: Indian Sleeping Chamber
Event: 021  Date: 6/20/95 Time: 15:38
Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 17
Amplitudes and Frequencies Graph Information
Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.01 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.02 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.04 in/s 170.6 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 0.00 Hz Peak = 1.00 Hz Peak = 1.00 Hz Peak = 0.88 Hz
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University Of MisSouri-Rolla
Rock Mechanics and Explogive Research Center
Crystal Cave Project
Unit 17
Location: Indian Sleeping Chamber

§ ‘ Event: 023  Date: 6/20/95 Time: 15:42
! Air Trigger: 142 dB Seis Triggexr: 0.03 in/s S/N: 17

Amplitudes and Frequencies Graph Informaticon
Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.01 in/s 0.0 Hz. » Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.02 in/s 0.0 Hz. ) Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.04 in/s 170.6 Hz. Time Lines at: 0.50 sec intervals
T - cal - 0-98 T
A g//A\\\\d/”
—
— : Cal 0.48
o C Cal 0.51
K N r_w = ”//\\\\v//
- Cal~0.93
T 1 MU S |
[T R T r__NlWI T T il /
UT0US 0. 508 T.0US T-508 2 00S 2508 3T00E 3508 27008 4.50s /
Fourier Analysis (Amplitude Spectrum)
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University of Missouri-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 17
Location: Indian Sleeping Chamber
Event: 024  Date: 6/20/95 Time: 15:44
Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 17
Amplitudes and Frequencies Graph Information
Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.01 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.02 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.04 in/s 170.6 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 0.00 Hz Peak = 1.00 Hz Peak = 0.88 Hz Peak = 1.00 Hz
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University of Missouri-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 17

Frequency (Hz)

Frequency (Hz)

Location: Indian Sleeping Chamber
Event: 025 Date: 6/20/95 Time: 15:46
Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 17
Amplitudes and Fregquencies Graph Information
Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.01 in/s 0.0 H=z. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.02 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.04 in/s 170.6 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
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: University of MIssour¥i-Rolla
i Rock Mechanics and Explosive Research Center
' : Crystal Cave Project
Unit 17
Location: Indian Sleeping Chamber

Event: 026 Date: 6/20/95 Time: 15:48
Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 17

Amplitudes and Frequencies . Graph Information

Acoustic: 0 dB 0.0 -Hz. Duration: 0.000 sec To: 4.500 sec

Radial: 0.01 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)

Vertical: 0.02 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)

Transverse: 0.04 in/s 170.6 Hz. Time Lines at: 0.50 sec intervals
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; Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 0.00 Hz Peak = 0.88 Hz Peak = 1.38 Hz Peak = 0.88 Hz
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University of Migsouri-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 17
Location: Indian Sleeping Chamber
Event: 027 Date: 6/20/95 Time: 15:50
Air Trigger: 142 dB Seig Trigger: 0.03 in/s S/N: 17
Amplitudes and Frequencies Graph Information
Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.01 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.02 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.04 in/s 170.6 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
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University o Missouri-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 17

Location: Indian Sleeping Chamber
Event: 002 Date: 6/20/95 Time: 15:00
Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N:

17
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Amplitudes and Frequencies Graph Information
Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.03 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.03 in/s 0.0 Hz. Seis: 0.06 in/s (0.015 in/s/div)
Transverse: 0.06 in/s 5.5 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
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University o Milssourl-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 19
Location: Indian Sleeping Chamber

Event: 002 _ Date: 6/22/95 Time: 17:51
Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 19

Amplitudes and Frequencies Graph Information
Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 2.500 sec
Radial: 0.01 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.03 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.01 in/s 0.0 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
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University of Missouri-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 19
Location: Indian Sleeping Chamber
Event: 004 Date: 6/23/95 Time: 17:38
: Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 19
Amplitudes and Frequencies Graph Information
Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 2.500 sec
Radial: 0.02 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.04 in/s 26.9 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.01 in/s 0.0 H=z. Time Liines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 0.00 Hz Peak = 0.75 Hz Peak = 15.25 Hz Peak = 0.75 Hz
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University of Missouri-Rolla
Rock Mechanics and Explosive Research Centerx
Crystal Cave Project
Unit 19
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Location: Indian Sleeping Chamber
Event: 006 Date: 6/28/95 Time: 17:45
Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 19
Amplitudes and Frequencies Graph Information

Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 2.500 sec

Radial: 0.02 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)

Vertical: 0.03 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)

Transverse: 0.02 in/s 0.0 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
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University of Missouri-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 19
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Location: Indian Sleeping Chamber
Event: 007 Date: 6/29/95 Time: 17:32
Alr Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 19
Amplitudes and Freguencies Graph Information

Acoustic: 0 dB 0.0 Hz. ‘ Duration: 0.000 sec To: 2.500 sec

Radial: 0.02 in/s 0.0 Hz. Accustic: 0.20 Mb (0.05 Mb/div)

Vertical: 0.04 in/s 23.2 Hz. Seig: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.01 in/s 0.0 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 0.00 Hz Peak = 0.75 Hz Peak = 15.25 Hz Peak = 0.75 Hz
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Unlvér51ty of Missouri-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 19
Location: Indian Sleeping Chamber
Event: 008 Date: 7/ 1/95 Time: 12:33
Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 19
Amplitudes and Frequencies Graph Information

Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 2.500 sec

Radial: 0.03 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)

Vertical: 0.05 in/s 17.6 Hz. Seis: 0.05 in/s (0.0125 in/s/div)

Transverse: 0.02 in/s 0.0 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 0.00 Hz Peak = 15.75 Hz Peak = 15.25 Hz Peak = 16.00 Hz
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University of Missouri-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 19
Location: Indian Sleeping Chamber
Event: 010 Date: 7/ 5/95 Time: 17:24
Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 19
Amplitudes and Frequencies Graph Information
Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 2.500 sec
Radial: 0.03 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.03 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.02 in/s 0.0 Hz. Time Liines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 1.00 Hz Peak = 14.00 Hz Peak = 0.75 Hz Peak = 14.25 Hz
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University of Missouri-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 19
Location: Indian Sleeping Chamber
Event: 011 Date: 7/ 6/95 Time: 18:20
Alir Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 19
Amplitudes and Frequencies Graph Information

Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 2.500 sec

Radial: 0.04 in/s 26.9 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)

Vertical: 0.03 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)

Transverse: 0.03 in/s 0.0 Hz. Time Lines at: 0.50 sec intervals
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' Fourier Analysis (Amplitude Spectrum)
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University of Missouri-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 19
Location: Indian Sleeping Chamber

. Event: 012 _ Date: 7/ 7/95 Time: 17:49
Air Trigger: 142 dB Seig Trigger: 0.03 in/s S/N: 19

Amplitudes and Frequencies Graph Information

Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 2.500 sec

Radial: 0.02 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)

Vertical: 0.03 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)

Transverse: 0.02 in/s 0.0 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)

Acoustic Radial Vertical Transverse
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University of Missouri-Rolla
Rock Mechanics and Explogive Research Center
Crystal Cave Project
Unit 19
Location: Indian Sleeping Chamber

Event: 013 Date: 7/10/95 Time: 17:21
Air Trigger: 142 dB Seig Trigger: 0.03 in/s S/N: 19

Amplitudes and Frequencies Graph Information
Acoustic: 100 dB 0.0 Hz. Duraticon: 0.000 sec To: 2.500 sec
Radial: 0.05 in/s 22.2 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.04 in/s 16.5 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.03 in/s 0.0 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
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Universlty oI Milissourl-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 19
Location: Indian Sleeping Chamber
Event: 014 Date: 7/11/95 Time: 17:29
Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 19
Amplitudes and Frequencies Graph Information
Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 2.500 sec
Radial: 0.05 in/s 17.6 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.05 in/s 18.2 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.04 in/s 17.6 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
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University ot Missouri-Rolla

Crystal Cave Project
Unit 19

Rock Mechanics and Explosive Research Center

Location: Indian Sleeping Chamber
'Event: 015 Date: 7/12/95 Time: 17:40
Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 19
Amplitudes and Frequencies Graph Information
Acoustic: 0 dB 0.0 Hz. ’ Duration: 0.000 sec To: 2.500 sec
Radial: 0.02 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.04 in/s 22.2 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.01 in/s 0.0 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
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University of Missocuri-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 17
Location: Indian Sleeping Chamber
. Event: 014  Date: 6/20/95 Time: 15:24
Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 17
Amplitudes and Frequencies Graph Information
Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sgec
Radial: 0.01 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.02 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.04 in/s 170.6 Hz. Time Linesg at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
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Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 19
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Location: Indian Sleeping Chamber
‘Event: 017 Date: 7/14/95 Time: 16:16
Air Trigger: 142 dB Seig Trigger: 0.03 in/s S/N: 19
Amplitudes and Frequencies Graph Information

Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 2.500 sec

Radial: 0.03 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)

Vertical: 0.08 in/s 22.2 Hz. Seis: 0.08 in/s (0.02 in/s/div)

Transvergse: 0.04 in/s 39.3 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
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University Of Missouri-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 19
Location: Indian Sleeping Chamber
Event: 018 Date: 7/15/95 Time: 14:28
Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 19
Amplitudes and Frequencies Graph Information
Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 2.500 sec
Radial: 0.04 in/s 32.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.07 in/s 34.1 Hz. Seis: 0.07 in/s (0.0175 in/s/div)
Transverse: 0.03 in/s 0.0 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
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University of Missouri-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 19
Location: Indian Sleeping Chamber

Event: 019 Date: 7/17/95 Time: 16:34
Air Trigger: 142 dB Seisg Trigger: 0.03 in/s S/N: 19

Amplitudes and Frequencies , Graph Information
Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 2.500 sec
Radial: 0.03 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.05 in/s 26.9 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.03 in/s 0.0 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
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University of Missouri-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 17
Location: Indian Sleeping Chamber

_Event: 103 Date: 7/18/95 Time: 16:51
Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 17

Amplitudes and Frequencies Graph Information
Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.06 in/s 22.2 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.05 in/s 23.2 Hz. : Seis: 0.06 in/s (0.015 in/s/div)
Transverse: 0.04 in/s 25.6 Hz. Time Lines at: 0.50 sec intervals
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Universlity oOf Missouri-Rolila
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 17
Location: Indian Sleeping Chamber

Event: 104 Date: 7/19/95 Time: 16:48
Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 17

" Frequency (Hz) Frequency (Hz) Frequency (Hz) Frequency (Hz)

Amplitudes and Frequencies ‘Graph Information
Acoustic: 106 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.09 in/s 24.3 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.08 in/s 26.9 Hz. Seis: 0.09 in/s (0.0225 in/s/div)
Transverse: 0.04 in/s 21.3 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
_ Peak = 1.50 Hz Peak = 15.88 Hz Peak = 15.88 Hz Peak = 15.88 Hz
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University of Missouri-Rolla
Rock Mechanics and Explosive Research Centerxr
Crystal Cave Project
Unit 17 ,

Location: Indian Sleeping Chamber
Event: 105 Date: 7/25/95 Time: 16:27
Air Trigger: 142 dB Seig Trigger: 0.03 in/s S/N: 17
Amplitudes and Frequencies _ Graph Information
Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.05 in/s 25.6 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.05 in/s 28.4 Hz. Seisg: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.03 in/s 0.0 Hz. Time Lines at: 0.50 sec intervals
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Fouriler Analysis (Amplitude Spectrum)
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University of Missouri-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
: Unit 17
Location: Indian Sleeping Chamber

_Event: 106 Date: 7/26/95 Time: 16:21
Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 17

Amplitudes and Frequencies Graph Information
Acoustic: 106 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.05 in/s 24.3 Hz. Acoustic: 0.20 Mb (0.05 Mb/diwv)
Vertical: 0.04 in/s 26.9 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.03 in/s 0.0 Hz. Time Lines at: 0.50 sec interyvals .
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
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Universlity of Missouri-Rolla
Rock Mechanics and Explogive Research Center
Crystal Cave Project
Unit 17

Location: Indian Sleeping Chamber
Event: 107 _ Date: 7/28/95 Time: 10:09
Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 17

Amplitudes and Frequencies Graph Information
Acoustic: 106 dB 0.0 - Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.03 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.06 in/s 34.1 Hz. Seis: 0.06 in/s (0.015 in/s/div)
Transverse: 0.03 in/s 0.0 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
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Oniversity oI Missouri-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 17
Location: Indian Sleeping Chamber

Event: 108 Date: 7/28/95 Time: 16:10
Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 17

Amplitudes and Frequencies Graph Information

Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec

Radial: 0.05 in/s 20.4 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)

Vertical: 0.05 in/s 17.6 Hz. Seis: 0.05 in/s (0.0125 in/s/div)

Transverse: 0.04 in/s 22.2 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
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University of Missouri-Rolla
Rock Mechanics and Explosive Regearch Center
Crystal Cave Project
" Unit 17
Location: Indian Sleeping Chamber

‘Event: 109 Date: 7/31/95 Time: 16:47
Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 17
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Amplitudes and Frequencies Graph Information
Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.04 in/s 19.6 Hz. Acoustic: 0.2Q Mb (0.05 Mb/div)
Vertical: 0.04 in/s 25.6 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.04 in/s 30.1 Hz. Time Lines ati{ 0.50 sec intervals
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’ Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 1.50 Hz Peak = 29.38 Hz Peak = 23.13 Hz Peak = 29.38 Hz
1 ,— 1 — 1 ... i

A

507 75 100 0 25 0] 25 50 757100 25

1 0

Frequency (Hz) Frequency (Hz) Frequency (Hz) Frequency'gHz)




University of Missouri-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 17
Location: Indian Sleeping Chamber

‘Event: 110 Date: 8/ 1/95 Time: 14:19
Air Trigger: 142 dB Seig Trigger: 0.03 in/s S/N: 17

Amplitudes and Frequencies Graph Information
Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.03 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.06 in/s 20.4 Hz. Seis: 0.06 in/s (0.015 in/s/div)
Transverse: 0.04 in/s 36.5 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical | Transverse
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1 1 — 1 — 1,

|
Lf"w J\AFMMWW.JW ‘WM_ \}/\\WW& %\/\ f M | [ \\ J {\M”YM\L//\/J\\ v
0 gttty 0 os—gp g o 0 gt ey O S5—5p - R

00
Frequency (Hz) Frequency (Hz) Frequency (Hz) . Frequency (Hz)




APPENDIX Eiv
FULL WAVEFORM DATA

JACOB’S ROOM



University Of MigsCuri-RO11a
Rock Mechanics and Explosives Research Center
Crystal Cave Project
Unit 492
Location: Jacob's Room
' _ Event: 005 Date: 5/23/95 Time: 17:23
Air Trigger: 142 dB Seis Trigger: O29§mlgl§___§lﬂj_§?gnmm_mmﬂ - B
Amplitudes and Frequencies Graph Information
Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 2.500 sec
Radial: 0.015 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.045 in/s 46.5 Hz. Seisg: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.02 in/s ©51.2 Hz. Time Lines at: 0.50 sec intervals
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University of Missouri-Rolla
Rock Mechanics and Explosives Research Center
Crystal Cave Project
Unit 492
Location: Jacob's Room
. Event: 007 Date: 5/30/95 Time: 16:43
Air Trigger: 142 dB Seis Trigger: 0.03 19[@ S/N: 492 e
Amplitudes and Frequencies Graph Information
Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 2.500 sec
Radial: 0.015 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.04 in/s 42.6 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.015 in/s 0.0 Hz. Tlme Llnes at O 50 sec 1ntervals
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Fourier Analysis (Amplitude Spectrum)
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University of Missouri-Rolla ]
‘Rock Mechanics and Explosives Research Center
Crystal Cave Project
Unit 492
Location: Jacob's Room
. . Event: 008 Date: 6/ 2/95 Time: 17:28
Air Trigger: 142 dB Sels Trigger: 0.03 1n/54,_§ZNWM§?2 e
Amplitudes and Frequencies Graph Information
Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 2.500 sec
Radial: 0.02 in/s 39.3 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.045 in/s 42.6 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.02 in/s 28.4 Hz. Time Llnes at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
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Univergity of Missouri-Rolla
Rock Mechanics and Explosives Research Center
Crystal Cave Project

Amplitudes and Fregquencies

Duration:

Unit 492
Location: Jacob's Room
. . Event: 010  Date: 6/ 6/95 Time: 17:20
Air Trigger: 142 dB  Seis Trigger: 0.03 in/s  S/N: 492

Gréph Information

Acoustic: 100 4B 0.0 Hz. 0.000 sec To: 2.500 sec

Radial: 0.02 in/s 36.5 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)

Vertical: 0.055 in/s 42.6 Hz. Seis: 0.055 in/s (0.0138 in/s/div)

Transverse: 0.02 in/s 42.6 Hz. Time Llnes at 0. 50 sec 1ntervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic .Radial Vertical Transverse
Peak = 37.50 Hz Peak = 37.25 Hz Peak = 46.75 Hz Peak = 46.75 Hz
I 11— I — i
|
A T I
i = |
,\/\ /\/\/\/\/\/\/ Nfﬁ’ ‘ .le\{ f ,\ A \JL ,\M ‘ANV\ ,\‘ /\[\ A‘\\/\/ \IW /\NT I\ f‘\“ﬂ \
N v AN LR j W7 et v 1\ . Vi
0 §——25——gog~—75—100 °0 '“—25“"“ Yoo 00" a5 50 WE M rhe 0 gt g5 st 75 100
L Frequency (Hz) Frequency Hz _Frequency (Hz) = Frequency (Hz)




B L L RS

University of Missocuri-Rolla
Rock Mechanics and Explogivesgs Research Center
Crystal Cave Project
Unit 492 _
Location: Jacob's Room

_ _Event: 011 Date: 6/ 7/95 Time: 17:54
Air Trigger: 142 dB Sels Trigger: 0.03 in/s S/N: 492

Amplitudes and Frequencies _ Graph Information

Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 2.500 sec

Radial: 0.02 in/s 36.5 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)

Vertical: 0.04 in/s 51.2 Hz. Seis: 0.05 in/s (0.0125 in/s/div)

Transverse: 0.025 in/s 34.1 Hz. Time Lines at: 0.50 sec intervals
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Unive¥gity of Missouri-Rolla
Rock Mechanics and Explosives Research Center
Crystal Cave Project
Unit 492
Location: Jacob's Room
_ Event: 013 Date: 6/12/95 Time: 17:23
Air Trigger: 142 dB Seis Trigger: 0.03 1n/s _S/N: 492 o _
Amplitudes and Frequencies Graph Information
Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 2.500 sec
Radial: 0.045 in/s 36.5 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.055 in/s 42.6 Hz. Seis: 0.055 in/s (0.0138 in/s/div)
Transverse: 0.035 in/s 34.1 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
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Universgity of Migsouv¥i-Rolla — T - T
Rock Mechanics and Explosives Research Center
Crystal Cave Project
; Unit 492
Location: Jacob's Room
Event: 016 Date: 6/15/95 Time: 13:30
B Air Trigger: 142 dB  Seis ‘Trigger: 0.03 1n/s__ S/N 492 o
Amplltudes and Frequencies Graph Information
Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 2.500 sec
Radial: 0.025 in/s 34.1 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.035 in/s 51.2 Hz. Seig: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.02 in/s 39.3 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
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1 1 — 1 - 1 .-
- - —
- T b
B v | N ) j w
. L AAﬁ
I, A’Mf / \ f Y(\‘r )}1’:;\// \’\r{\w' A l\/ A /\(\ /\ W u'\\\‘
0 O_"'"Z!S'—_5|0m715—"1'(5 0 0 0’\—2!5_'_5@_’0"_75 T 6 0 0 (S\M 257775 O 75771 O W T2 5 o ' 100
Frequency (Hz) Frequency (H§)H“mww"mmwfﬁeguency‘ﬁﬁ;)wwmh”“quﬁyequency (Hz)




UNiversity of MigSOUFri-RO11a =~ 7~ T T T s s e )
Rock Mechanics and Explosives Research Center
Crystal Cave Project
Unit 492
Location: Jacob's Room

_Event: 017 Date: 6/16/95 Time: 17:52
Air Trigger: 142 dB Seis Trigger: 0.03 1n/s_m S/N: 492

Amplitudes and Frequencies Graph Information o

Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 2.500 sec

Radial: 0.02 in/s 28.4 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)

Vertical: 0.03 in/s ©51.2 Hz. Seis: 0.05 in/s (0.0125 in/s/div)

Transverse: 0.02 in/s 46.5 Hz. e Tlme Llnes at 0 50 sec 1ntervals
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Fourier Analysis (Amplitude Spectrum)
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Universlity ot Missouri-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 16
Location: Hanging Balcony

'Event: 044 Date: 7/18/95 Time: 16:51
Alr Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 16

I

"

Amplitudes and Frequencies Graph Information
Acoustic: 106 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.02 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.04 in/s 64.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.02 in/s 0.0 Hz. Time Lines at: 0.50 sec intervals
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Event: 003 Date:

Uiiiversity of MissoUri-Rolla
Rock Mechanics and Explosives Research Center
Crystal Cave Project
Unit 492

Location: Jacob's Room

5/22/95 Time: 14:19

Aixr Triggexr: 142 dB Seis Trigger: 0.03 in/s S/N:

Amplitudes and Frequencies
Acoustic: 0 dB 0.0 Hz.
Radial: 0.015 in/s 0.0 Hz.
Vertical: 0.035 in/s 51.2 Hz.
Transverse: 0.02 in/s ©56.8 Hz.

492

Graph Information
Duration: 0.000 sec To:

2.500 sec

Acoustic: 0.20 Mb (0.05 Mb/div)
Seis: 0.05 in/s (0.0125 in/s/div)
Time Llnes at: O 50 sec 1ntervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic ' Radial Vertical Transverse
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University of Missouri-Rolla ~
Rock Mechanics and Explosives Research Centexr
Crystal Cave Project
Unit 492
Location: Jacob's Room
Event: 019 Date: 6/17/95 Time: 9:13
Air Trlgger 142 dB ~_Seils Trigger: 0.03 1n/s W_S/N 492 o . )
Amplitudes and Frequencies Graph Information

Agoustic: 100 dAB 0.0 Hz. Duration: 0.000 sec To: 2.500 sec

Radial: 0.015 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)

Vértical: 0.035 in/s ©51.2 Hz. Seig: 0.05 in/s (0.0125 in/s/div)

Transverse: 0.015 in/s 0.0 Hz. Tlme Llnes at O 50 sec 1ntervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 2.75 Hz Peak = 22.00 Hz Peak = 43.25 Hz Peak = 50.25 Hz
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University of Missouri-Rolla
Rock Mechanics and Explosives Research Center
Crystal Cave Project
Unit 492
Location: Jacob's Room
_ . Event: 020 Date: 6/21/95 Time: 18:09
Air Trigger: 142 dB Seis Trigger: 0.03 1n/s - S8/N: 492
Amplitudes and Frequencies Graph Information
Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 2.500 sec
Radial: 0.015 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.03 in/s 46.5 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.01 in/s 0.0 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial _ Vertical Transverse
Peak = 0.00 Hz Peak = 12.50 Hz Peak = 47.75 Hz Peak = 49.00 Hz
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University of Migsouri-Rolla - T T
Rock Mechanics and Explosives Research Center
Crystal Cave Project
Unit 492
Location: Jacob's Room
_ Event: 021 Date: 6/21/95 Timq: 18:18
Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 492 L
Amplitudes and Frequencies Graph Information
Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 2.500 sec
Radial: 0.015 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.03 in/s 46.5 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.015 in/s 0.0 Hz. ) "Timgwyiqgs qt O 50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
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University of Missouri-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 18

Location: Jacob's Room
Event: 216 Date: 7/18/95 Time: 16:51
Alr Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 18
Amplitudes and Frequencies Graph Information

Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 12.500 sec
Radial: 0.04 in/s 73.1 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.10 in/s 51.2 Hz. Seis: 0.10 in/s (0.025 in/s/div)
Transverse: 0.08 in/s 25.6 Hz. Time Lines at: 1.00 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 0.94 Hz Peak = 21.38 Hz Peak = 43.50 Hz Peak = 23.31 Hz
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University of Missouri-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 18

Location: Jacob's Room
Event: 217 Date: 7/19/95 Time: 16:48
Alr Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 18
Amplitudes and Frequencies Graph Information

Acoustic: 100 dB 0.0 H=z. Duration: 0.000 sec To: 12.500 sec

Radial: 0.07 in/s 26.9 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)

Vertical: 0.08 in/s 46.5 Hz. Seis: 0.08 in/s (0.02 in/s/div)

Transverse: 0.05 in/s 22.2 Hz. Time Lines at: 1.00 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 1.31 Hz Peak = 23.94 Hz Peak = 42.00 Hz Peak =-23.88 Hz
1 — 1 — 1 — 1 —

B 1 -

0 NM%{M bUfh’\WW‘\&MMWM 0 an IWV/\MWMW&AM W g \‘(WJW ‘\ﬁ\{\w\ i ittt HMJ l MAM}\N "; Lo et o
0 75 100 0 25 75 100 0 25 75 100 75 100
Frequency (Hz) Frequency (Hz) Frequency (Hz) Frequency (Hz)




PISEPRIREICI XN

91-AIZ

University of Missouri-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 18
Location: Jacob's Room
Event: 218 Date: 7/25/95 Time: 16:26
Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 18
Amplitudes and Frequencies Graph Information

Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 12.500 sec

Radial: 0.04 in/s 26.9 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)

Vertical: 0.06 in/s 39.3 Hz. Seis: 0.06 in/s (0.015 in/s/div)

Transverse: 0.04 in/s 34.1 Hz. Time Lines at: 1.00 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 26.31 Hz Peak = 25.56 Hz Peak = 26.00 Hz Peak = 19.94 Hz
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University of Missouri-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 18
Location: Jacob's Room

Event: 219 Date: 7/26/95 Tiime: 16:20
Alr Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 18

Amplitudes and Frequencies Graph Information
Acoustic: 100 dAB 0.0 Hz. Duration: 0.000 sec To: 12.500 sec
Radial: 0.06 in/s 34.1 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.06 in/s 42.6 Hz. Seis: 0.07 in/s (0.0175 in/s/div)
Transverse: 0.07 in/s 32.0 Hz. Time Lines at: 1.00 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 1.31 Hz Peak = 24.63 Hz Peak = 41.44 Hz Peak = 24.88 Hz
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University of Missouri-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 18
Location: Jacob's Room
Event: 220 Date: 7/28/95 Time: 10:09
Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 18
Amplitudes and Frequencies Graph Information

Acoustic: 100 4B 0.0 Hz. Duration: 0.000 sec To: 12.500 sec

Radial: 0.05 in/s 34.1 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)

Vertical: 0.13 in/s 42.6 Hz. Seig: 0.13 in/s (0.0325 in/s/div)

Transverse: 0.05 in/s 36.5 Hz. Time Lines at: 1.00 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic - Radial Vertical Transverse
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University of Missouri-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 18
Location: Jacob's Room

Event: 221 Date: 7/28/95 Time: 16:09
Alr Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 18

Amplitudes and Frequencies Graph Information
Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 12.500 sec
Radial: 0.04 in/s 42.6 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.07 in/s 51.2 Hz. Seis: 0.07 in/s (0.0175 in/s/div)
Transverse: 0.04 in/s 32.0 Hz. Time Lines at: 1.00 sec intervals
= ' Cal 0.96
- cal 0.60
E—_ﬂ AWWH H///\\\\\///
m E
< t Cal 0.56
= N
- Cal 0.52
B W it /\/
TIMYWTT T
| | ! 1 L L ) I | .
Os 1s Zs 3s is 5s 6s 1s 85 9s 10s 11s 12s
Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 0.94 Hz Peak = 16.88 Hz Peak = 42.19 Hz Peak = 17.13 Hz
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University of Missouri-Rolla

Rock Mechanics and Explosive Research Center

Crystal Cave Project
Unit 18
Location: Jacob's Room

Frequency (Hz)

Frequency (Hz)

Event: 222 Date: 7/31/95 Time: 16:47
Alr Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 18
Amplitudes and Frequencies Graph Information

Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 12.500 sec

Radial: 0.04 in/s 30.1 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)

Vertical: 0.05 in/s 39.3 Hz. Seis: 0.05 in/s (0.0125 in/s/div)

Transverse: 0.04 in/s 30.1 Hz. Time Lines at: 1.00 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 1.38 Hz Peak = 29.19 Hz Peak = 27.25 Hz Peak = 20.06 Hz
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University of Missouri-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 18

Location: Jacob's Room
Event: 223 Date: 8/ 1/95 Time: 14:19
Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 18
Amplitudes and Frequencies : Graph Information
Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 12.500 sec
Radial: 0.05 in/s 17.6 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.05 in/s 51.2 Hz. Seis: 0.07 in/s (0.0175 in/s/div)
Transverse: 0.07 in/s 24.3 Hz. Time Lines at: 1.00 sec intervals
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Fourier Analysis (Amplitude Spectrum}
Acoustic Radial Vertical Transverse
Peak = 1.31 Hz Peak = 24.44 Hz Peak = 25.94 Hz Peak = 24.38 Hz
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University of Missouri-Rolla
Rock Mechanics and Explosives Research Center
Crystal Cave Project
Unit 492
Location: Jacob's Room
_Event: 004  Date: 5/23/95 Time: 16:32
Air Trigger: 142 dB  Seis Trigger: 0.03 in/s S/N: 492
. Amplitudes and Frequencies Graph Information
i Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 2.500 sec
‘ Radial: 0.025 in/s 46.5 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.035 in/s 39.3 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.025 in/s 36.5 Hz. Time Liines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
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APPENDIX Ev

FULL WAVEFORM DATA

HELICTITE ROOM
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E4121908841030340F8901A7FE
29C0 07.2 07-01-95 12:34 1IPS 014 P
1 0.010T 0.030V 0.010R 100 A 0.030VS A
BAT Event: 014 Date: 7/ 1/95 Time: 12:34
Air Trigger: 148 dB Seis Trigger: 0.03 1q[§m S/N: 491 S
Amplitudes and Frequencies Graph Information
Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.01 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.03 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.01 in/s 0.0 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
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639C 07.2 07-13-95 16:38 iPs 015 P
4 0.030T 0.030V 0.030R 106 A 0.040VS A
BAT ) _ Event: 015 Date: 7/13/95 Time: 16:38
Air Trigger: 148 dB  Seis Trigger: 0.03 in/s S/N: 491 e
Amplitudes and Frequencies Graph Information
Acoustic: 106 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.03 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.03 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.03 in/s 0.0 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 0.88 Hz Peak = 58.38 Hz Peak = 18.88 Hz Peak = 41.13 Hz
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12190C1280C0D0O3E40090127FE
SEE4 07.2 07-14-95 16:16 IPS 0le P
g 0.030T 0.030V 0.020R 106 A 0.035VS A
BAT Event: 016 Date: 7/14/95 Time: 16:16
Air Trigger: 148 dB Seis Trigger: 0.03 1n/s _8/N: 491 .
Amplltudes and Frequencies Graph Information
Acoustic: 106 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.02 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.03 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.03 in/s 0.0 Hz. Time Lines at: 0. 50 sec 1ntervals
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Fourier Analy51s (Amplltude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 0.88 Hz Peak = 59.00 Hz Peak = 22.75 Hz Peak = 41.63 Hz
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4 0.030T 0.030V O0.030R 106 A 0.035VS A
BAT ' _ Event: 017  Date: 7/15/95 Time: 14:27

Air Triggexr: 148 dB Seis Trigger: 0.03 in/s S/N: 491

Amplitudes and Fregquencies Graph Information
Acoustic: 106 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.03 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.03 in/s 0.0 Hz. Seis: 0.05 in/s {(0.0125 in/s/div)
Transverse: 0.03 in/s 0.0 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial , Vertical Transverse
Peak = 1.13 Hz Peak .= 0.88 Hz Peak = 19.75 Hz Peak = 41.50 Hz
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3'}' 0.010T 0.030V 0.020R 100 A 0.030VS A

BAT ~Event: 018 Date: 7/17/95 Time: 16:34

' Air Trigger: 148 dB “mggigﬁfp}gggr 0 .03 1n/s"" S/N 491 S
Amplitudes and Frequencies Graph Information

Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec

Radial: 0.02 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)

Vertical: 0.03 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)

Transverse: 0.01 in/s 0.0 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 0.00 Hz Peak = 59.63 Hz Peak = 23.88 Hz Peak = 60.13 Hz
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5D37 Event: 018 Date: 7/17/95 Time: 16:34
Alir Trigger: 148 dB Seis Trigger: 0.03 in/s S/N: 491
- Amplitudes and Frequencies Graph Information
Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.02 in/s 0.0 Hz. ’ Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.03 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.01 in/s 0.0 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)

Acoustic . Radial Vertical Transverse
Peak = 0.00 Hz Peak = 59.63 Hz Peak = 23.88 Hz Peak = 60.13 Hz
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University of Migsouri-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 18
Location: Exterior

, Event: 077 _ Date:; 6/ 2/95 . Time: 17:24
Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 18
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Amplitudes and Frequencies Graph Information

Acoustic: 121 dB 32.0 Hz. Duration: 0.000 sec To: 12.500 sec

Radial: 0.03 in/s 0.0 Hz. Acoustic: 0.22 Mb (0.05 Mb/div)

Vertical: 0.05 in/s 18.9 Hz. Seis: 0.05 in/s (0.0125 in/s/div)

Transverse: 0.05 in/s 21.3 Hz. Tlme Llnes at l OO sec 1ntervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 3.50 Hz Peak = 35.88 Hz Peak = 13.69 Hz Peak = 22.94 Hz
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FULL WAVEFORM DATA

LLOYD’S ROOM



University oI Missouri-Rolla
Rock Mechanics and Explosive Regearch Center
Crystal Cave Project
Unit 20

cc-Ing

Location: LLoyd's Room
Event: 001 Date: 6/ 2/95 Time: 17:28
Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 20
Amplitudes and Frequencies Graph Information
Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.02 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.03 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.03 in/s 0.0 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 1.25 Hz Peak = 0.88 Hz Peak = 1.50 Hz Peak = 1.50 Hz
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University of Missouri-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 20
Location: LLoyd's Room

. _Event: 004  Date: 6/17/95 Time: 9:13
Alr Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 20

—
_

m

i

i

Amplitudes and Frequencies Graph Information
Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.02 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.03 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.02 in/s 0.0 Hz. Time Lines at: 0.50 sec.intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 1.38 Hz Peak = 1.25 Hz Peak = 1.25 Hz Peak = 0.88 Hz
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University of Missouri-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 20

'ﬁ&
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Frequency (Hz)

Location: LLoyd's Room
Event: 005 Date: 6/19/95 Time: 18:39
Alr Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 20
Amplitudes and Frequencies Graph Information

Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec

Radial: 0.02 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)

Vertical: 0.03 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)

Transverse: 0.02 in/s 0.0 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 1.00 Hz Peak = 1.00 Hz Peak = 1.00 Hz Peak = 0.88 Hz
1 — 1 1 — 1

M‘ }“Mw; H 1'1 |[ ‘l t 1
0'¥‘§@Nﬁﬂg§mwm$¥wmqﬁo

(Hz)

(Hz)

k ‘W g mw@ by

Frequency (Hz)

"%

Frequency Frequency




g-1Ag

University of Missouri-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 20
Location: LLoyd's Room
_Event: 006 Date: 6/21/95 Time: 18:18
Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 20
Amplitudes and Frequencies Graph Information
Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.02 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.03 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.02 in/s 0.0 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 1.38 Hz Peak = 1.25 Hz Peak = 1.25 Hz Peak = 0.88 Hz
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Universlity oI Missouril-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 20
Location: LLoyd's Room

 Event: 007 Date: 7/ 1/95 Time: 12:35
Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 20

y-1ng

Amplitudes and Frequencies Graph Information

Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec

Radial: 0.02 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)

Vertical: 0.03 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)

Transverse: 0.02 in/s 0.0 Hz. Time Lines at: 0.50 sec intervals
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_ Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 1.75 Hz Peak = 1.50 Hz Peak = 1.00 Hz Peak = 1.00 Hz
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University of Missouri-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 20
Location: LLoyd's Room

Event: 008 Date: 7/ 5/95 Time: 17:25
Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 20

Amplitudes and Frequencies Graph Information
Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.02 in/s 0.0 Hz. ' Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.03 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.03 in/s 0.0 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 1.63 Hz Peak = 1.00 Hz Peak = 1.13 Hz Peak = 1.00 Hz
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Universlty of Misscuri-Rolla
Rock Mechanics and Explosive Regearch Center
Crystal Cave Project
Unit 20
Location: LLoyd's Room
 Event: 009 Date: 7/ 6/95 Time; 18:22
Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 20
Amplitudes and Frequencies Graph Information
Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.02 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.03 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.03 in/s 0.0 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Trangverse
Peak = 1.00 Hz Peak = 0.88 Hz Peak = 1.50 Hz Peak = 0.88 Hz
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University of Missouri-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 20

Location: LLoyd's Room
_Event: 010 Date: 7/ 7/95 Time: 17:51
Alr Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 20

Amplitudes and Frequencies Graph Information
Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.02 in/s 0.0 H=z. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.03 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.03 in/s 0.0 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 1.88 Hz Peak = 1.00 Hz Peak = 1.00 Hz Peak = 1.25 Hz
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University of Miggsouri-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 20
Location: LLoyd's Room

Event: 011 Date: 7/10/95 Time: 17:23
Alr Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 20

Amplitudes and Frequencies Graph Information

Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec

Radial: 0.03 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)

Vertical: 0.03 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)

Transverse: 0.03 in/s 0.0 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
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Air Trigger:

University of Missouri-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 20
Location: LLoyd's Room

Date: 7/11/95
Seis Trigger:

Event: 012
142 dB

Time: 17:31
0.03 in/s S/N: 20

&MH

Frequency (Hz)

Amplitudes and Frequencies Graph Information
Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.02 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.04 in/s 16.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.02 in/s 0.0 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 1.38 Hz Peak = 1.25 Hz Peak = 15.63 Hz Peak = 1.00 Hz
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1B25 Event: 012 Date:

Air Trigger: 148 dB Seis Trigger: 0.03 1n/s

6/ 2/95 Time: 17:27

491

Amplitudes and Frequencies

Acoustic: 0 dB 0.0 Hz.
Radial: 0.01 in/s 0.0 Hz.

Transverse: 0.01 in/s 0.0 Hz.

Graph Informatlon
Duration: 0.000 sec To:
Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.03 in/s 0.0 Hz. Seis: 0.05 in/s {(0.0125 in/s/div)
Tlme Llnes at O 50 sec intervals

4 .500 sec
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Fourier Analysis (Amplitude Spectrum)
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University oI Milssouri-Rollia
Rock Mechanice and Explosive Research Center
Crystal Cave Project
Unit 20
Location: LLoyd's Room
. Event: 014 Date: 7/14/95 Time: 16:18
Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 20
Amplitudes and Frequencies Graph Information
Acoustic: 106 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.05 in/s 32.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.06 in/s 46.5 Hz. Seisg: 0.09 in/s (0.0225 in/s/div)
Transverse: 0.09 in/s 39.3 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
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Uniiversity of Missouri-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 20
Location: LLoyd's Room
Event: 015 Date: 7/15/95 Time: 14:29
Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 20
Amplitudes and Frequencies Graph Information
Acoustic: 100 dB 0.0 Hz. i Duration: 0.000 sec To: 4.500 sec
Radial: 0.04 in/s 42.6 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.06 in/s 22.2 Hz. Seis: 0.08 in/s (0.02 in/s/div)
Transverse: 0.08 in/s 39.3 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 1.75 Hz Peak = 1.25 Hz Peak = 1.00 Hz Peak = 1.50 Hz
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University oI Missourl-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 20
Location: LLoyd's Room

Event: 016 Date: 7/17/95 Time: 16:36
Air Trigger: 142 dB Seig Trigger: 0.03 in/s S/N: 20

Amplitudes and Frequencies Graph Information
Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.03 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.04 in/s 64.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.04 in/s 39.3 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 0.88 Hz Peak = 1.00 Hz Peak = 1.25 Hz Peak = 1.25 Hz
1 — i I— 11— 1

W‘E@Mﬁ

i
il

0 M%MW e iy m‘f\%ﬁl\) w\;{;ﬂm bl oy i

Frequency (Hz) Frequency (Hz) Frequency (Hz)

T
ib_ W&\%fhwﬁ 0 4!

o
e ———

!
i TIMb )
AT ,‘ia‘mﬁﬁ‘\'!;’r&‘\w“’ﬁi“g
50 75 100

Frequency (Hz)




=IA

University of Missouri-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 20
Location: LLoyd's Room

Event: 017 Date: 7/18/95 Time: 16:52
Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 20

Amplitudes and Frequencies Graph Information
Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.02 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.05 in/s 18.9 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.03 in/s 0.0 Hz. Time Lines at: 0.50 sec intervals
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' Fourier Analysis (Amplitude Spectrum)
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Universlty O Missouril-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 20
Location: LLoyd's Room

. Event: 018 Date: 7/19/95 Time: 16:49
Air Trigger: 142 dB Seig Trigger: 0.03 in/s S/N: 20

Amplitudes and Frequencies Graph Information
Acoustic: 100 dB 0.0 Hz. Duraticn: 0.000 sec To: 4.500 sec
Radial: 0.03 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.05 in/s 46.5 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.05 in/s 42.6 Hz. . Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum) '
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Universlity of Missouri-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 20
Location: LLoyd's Room

Event: 019 Date: 7/25/95 Time: 16:27
Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 20

Amplitudes and-Frequencies Graph Information
Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.03 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.03 in/s 0.0 Hz. Seisg: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.03 in/s 0.0 Hz. Time Lines at: 0.50 sgsec intervals
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University of Missouri-Rolia
Rock Mechanics and Explosive Research Center
Crystal Cave Project '
Unit 20
Location: LLoyd's Room

Event: 020 Date: 7/26/95 Time: 16:21
Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 20

Amplitudes and Frequencies Graph Information
Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.04 in/s 42.6 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.05 in/s 64.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.04 in/s 42.6 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
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University of Missouri-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 20
Location: LLoyd's Room

 Event: 021 Date: 7/28/95 Time: 10:10
Air Trigger: 142 dB Seisg Trigger: 0.03 in/s S/N: 20
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Amplitudes and Fregquencies Graph Information

Acoustic: 106 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec

Radial: 0.04 in/s 46.5 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)

Vertical: 0.04 in/s ©56.8 Hz. Seis: 0.05 in/s (0.0125 in/s/div)

Transverse: 0.05 in/s 42.6 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 1.00 Hz Peak = 1.25 Hz Peak = 0.88 Hz Peak = 44 .38 Hz
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Univerglity of Missouri-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 20
Location: LLoyd's Room
Event: 022 _ Date: 7/28/95 Time: 16:11
Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 20
Amplitudes and Frequencies Graph Information
Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.02 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.04 in/s 16.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.03 in/s 0.0 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
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Uniiversity of Migsouri-Rolla
Rock Mechanics and Explogive Research Center
Crystal Cave Project
Unit 20
Location: LLoyd's Room
Event: 023 _ Date: 7/31/95 Time: 16:48
Air Trigger: 142 dB Seig Trigger: 0.03 in/s S/N: 20
Amplitudes and Frequencies Graph Information
Acougtic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.03 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.05 in/s ©51.2 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.04 in/s 34.1 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 1.38 Hz Peak = 1.25 Hz Peak = 1.00 Hz Peak = 1.25 Hz
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Universlity of Missouri-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 20
Location: LLoyd's Room

Event: 024 Date: 8/ 1/95 Time: 14:20
Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N:

Amplitudes and Fregquencies Graph Information
Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.02 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.05 in/s ©56.8 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.04 in/s 42.6 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude'Spectrum)
Acoustic Radial Vertical Transverse
Peak = 1.88 Hz Peak = 1.38 Hz Peak = 1.00 Hz Peak = 1.00 Hz
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APPENDIX Evii

FULL WAVEFORM DATA

ENTRANCE TO LAKE ROOM



APPENDIX Eviii

FULL WAVEFORM DATA

EXTERIOR



University of Missouri-Rolla
Rock Mechanics and Explosive Research Center
' Crystal Cave Project
Unit 18
Location: Exterior
. Event: 078 Date: 6/ 5/95 Time: 15:25
Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 18 o
Amplitudes and Frequencies Graph Information
Acoustic: 122 dB 64.0 Hz. Duration: 0.000 sec To: 12.500 sec
Radial: 0.01 in/s 0.0 Hz. Acoustic: 0.24 Mb (0.06 Mb/div)
Vertical: 0.02 in/s 0.0 Hz. Seig: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.03 in/s 0.0 Hz. Time Lines at: 1.00 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
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University of Missouri-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 18
Location: Exterior

Event: 079  Date: 6/ 6/95 Time: 17:16
_Air Trigger: 142 dB  Seis Trigger: 0.03 in/s S/N: 18

T —"NmAmplltudes and Frequenc1es Graph Information
Acoustic: 110 dB 0.0 Hz. Duration: 0.000 sec To: 12.500 sec
Radial: 0.03 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.04 in/s 56.8 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.04 in/s 56.8 Hz. Tlme Lines at 1.00 sec 1ntervals
. S piSentmistto i e BT B
L T s
- Cal 0.50
Ripuftf | N
= .
% Cal 0.50
Siafi B
— Cal 0.51
Doty M,VH”\PM« \/\ P
U8 18 78 35 18 58 58 T8 B8 9§ 108 118 128
Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 2.31 Hz Peak = 37.06 Hz Peak = 56.88 Hz Peak = 28.13 Hz
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University of Missouri-Rolla
Rock Mechanics and Explosgsive Regearch Center
Crystal Cave Project
Unit 18
Location: Exterior
Event: 080 Date: 6/ 7/95 Time: 17:53
i Air Trigger: 142 dB  Seis Trigger: 0.03 in/s §/N: 18
Amplitudes and Frequen01es Graph Information
Acoustic: 110 dB 0.0 Hz. Duration: 0.000 sec To: 12.500 sec
Radial: 0.02 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.03 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.03 in/s 0.0 Hz. Time Lines at: 1.00 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 4.06 Hz Peak = 38.19 Hz Peak = 61.25 Hz Peak = 61.19 Hz
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University of Missouri-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 18
Location: Exterior
Event: 081 Date: 6/_9/95 Time: 16:16
Air Trigger: 142 dB Seis Trigger: 0.03 1n/s S/N: 18 o
Amplitudes and Frequencies Graph Information
Acoustic: 112 dB 73.1 Hz. Duration: 0.000 sec To: 12.500 sec
Radial: 0.02 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.03 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.04 in/s 42.6 Hz. Time Lines at: 1.00 sec 1ntervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 1.25 Hz Peak = 26.94 Hz Peak = 53.81 Hz Peak = 26.81 Hz
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University of Missouri-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 18
Location: Exterior
‘ _Event: 208 _ Date: 6/12/95 Time: 17:22
Alr Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 18
Amplitudes and Frequencies Graph Information
Acoustic: 123 dB 12.8 Hz. Duration: 0.000 sec To: 12.500 sec
Radial: 0.12 in/s 51.2 Hz. Acoustic: 0.28 Mb (0.07 Mb/div)
Vertical: 0.10 in/s 64.0 Hz. Seis: 0.12 in/s (0.03 in/s/div)
Transverse: 0.06 in/s 26.9 Hz. Time Llnes at l 00 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 1.81 Hz Peak = 39.00 Hz Peak = 68.00 Hz Peak = 79.75 Hz
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University of Migsouri-Rolla T T T
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 18
Location: Exterior

)  Event: 209 Date: 6/14/95 Time: 16:29
Air Trigger: 142 dB Sels Trlgger 1 0.03 1n/s_m S/N 18

Amplitudes and Frequencies Graph Information
Acoustic: 118 dB 56.8 Hz. Duration: 0.000 sec To: 12.500 sec
Radial: 0.02 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.05 in/s 51.2 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.05 in/s 56.8 Hz. Time Lines at: 1.00 sec intervals
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Fourier Analysis (Amplitude Spectrum)

Acoustic : Radial Vertical Transverse

Peak = 1.50 Hz Peak = 40.88 Hz Peak = 40.25 Hgz Peak = 40.44 Hz
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University of "TMigg§oUuri-Rd1L1la ™~ T
Rock Mechanics and Explosive Research Center
Crystal Cave Project
’ Unit 18
Location: Exterior
. _Event: 210 Date: 6/14/95 Time: 16:53
Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 18 e
Amplitudes and Frequencies ' Graph Information
Acoustic: 128 dB 7.0 Hz. Duration: 0.000 sec To: 12.500 sec
Radial: 0.02 in/s 0.0 Hz. Acoustic: 0.48 Mb (0.12 Mb/div)
Vertical: 0.06 in/s 51.2 Hz. Seis: 0.06 in/s (0.015 in/s/div)
Transverse: 0.04 in/s 56.8 Hz. Time Lines at: 1.00 sec 1ntervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 1.94 Hz Peak = 50.63 Hz Peak = 50.50 Hz Peak = 0.94 Hz
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UNiversity Of Mi88OUFi-RO11E ~ &7 77 T e e e
Rock Mechanics and Explosive Research Center
Crystal Cave Project

Frequency (Hz)

Frequency (Hz) Frequency Hz

Unit 18
Location: Exterior
Event: 211  Date: 6/15/95 Time: 13:29
Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 18 - ) B
Amplitudes and Frequencies Graph Information
Acoustic: 112 dB 8.1 Hz. Duration: 0.000 sec To: 12.500 sec
Radial: 0.04 in/s 39.3 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.05 in/s ©56.8 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.03 in/s 0.0 Hz. Time Lines at: 1.00 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 5.19 Hz Peak = 40.06 Hz Peak = 40.31 Hz Peak = 44 .94 Hz
1 1 — 1 1 o
L _ - / ‘
—_— - : [ N k _
m\f \j\ﬁ/\\\ J\A \f\ 'W\;\\f\{
04 sy L 0“‘25""’50“1\’%“ “Tho 0 @A 5T 7% M&% o[\' 50~ 75 " 100

. _A,.,stvﬁ.qu_?_r__lc_x (Hz)




6-11IA3

University ot Missouri-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 19
Location: Indian Sleeping Chamber
Event: 016 Date: 7/13/95 Time: 16:38
Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 19
Amplitudes and Frequencies Graph Information
Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 2.500 sec
Radial: 0.05 in/s 23.2 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.07 in/s 30.1 Hz. Seis: 0.07 in/s (0.0175 in/s/div)
Transverse: 0.04 in/s 19.6 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 1.25 Hz Peak = 18.00 Hz Peak = 18.50 Hz Peak = 18.00 Hz
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APPENDIX Eix
FULL WAVEFORM DATA

- NON-BLAST TRIGGERS
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TUnivergity of Migsouri-Rolla T T e
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unitle
Location: Hanging Balcony
Non-blast Trigger

Event: 001  Date: 5/14/95 Time: 8:32
) Air Trigger: 142 dB  Seis Trigger: 0.05 1n/s _ S/N: 16 o o
Amplltudes and Frequen01es . Graph Information
Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.02 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.05 in/s 85.3 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0 01 1n/s 0.0 Hz. Time Lines at: 0.50 sec intervals
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Fourler Analy51s (Amplltude Spectrum)
Acoustic Radial . Vertical Transverse
Peak = 5.88 Hz Peak = 0.88 Hz Peak = 0.88 Hz Peak = 1.00 Hz
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Univergity of Miggoiuri-Rolla™
Rock Mechanics and Explosives Research Center
Crystal Cave Project
Unit 21
Location: Entrance
Non-blast triggers
Event: 001 Date: 5/16/95 Time: 8:11 .

. _Air Trigger: 142 dB  Seis Trigger: 0.05 in/s _S/N: 21
Amplitudes and Frequencies ’

Acoustic: 116 dB 170.6 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.03 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.06 in/s 170.6 Hz. Seis: 0.06 in/s (0.015 in/s/div)

Graph Information

Transverse: 0.04 in/s 2.6 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
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TUniversity &6f Migsouri-Rollatr o
Rock Mechanics and Explosives Research Center
Crystal Cave Project
Unit 21
Location: Entrance
Non-blast triggers
Event: 002 Date: 5/16/95 Time: 8:12
Air Trlgger 142 dB  Seis Trigger: 0.05 1n/s - S/N: 21 N

: Amplltudes and Frequenc1es Graph Information
Acoustic: 0 dB 0.0 Hz.- Duration: 0.000 sec To: 4.500 sec
Radial: 0.01 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.05 in/s 25.6 Hz. Seisgs: 0.05 in/s (0.0125 in/s/div)
Transverse: O 01 1n/s 0.0 Hz. , Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 0.00 Hz Peak = 8.25 lz Peak = 23.50 Hz Peak = 7.75 Hz
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University of Missouri-Rolla
Rock Mechanicsg and Explosive Research Center
Crystal Cave Project
Unit 17
Location: Indian Sleeping Chamber
Non-blast Trigger

_ ‘Event: 001 Date: 6/20/95 Time: 14:58
Air Trigger: 142 dB  Seis Trigger: 0.03 in/s S/N: 17

M“Aﬁbiigaaés and Frequencies : Graph Information

Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec

Radial: 0.01 .-in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)

Vertical: 0.02 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)

Transverse: 0.04 in/s 170.6 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
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T T ghiversity T of Migsouri-RollaTtmn
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unitlse
Location: Hanging Balcony
Non-blast Trigger
Event: 002 Date: 6/ 1/95 Time: 16:25
o _Alr Trigger: 142 dB  Seis Trigger: 0.03 in/s S/N: 16
Amplltudes and Frequenc1es Graph Information
Acoustic: 129 dB 1.9 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.05 in/s 128.0 Hz. Acoustic: 0.54 Mb (0.14 Mb/div)
Vertical: 0.01 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.01 in/s 0.0 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 1.25 Hz Peak = 0.88 Hz Peak = 1.00 Hz Peak = 2.25 Hz
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Uhiversity of MisSSouri~Rolld
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 17
Location: Indian Sleeping Chamber
Non-blast Trigger
Event: 009 Date: 6/20/95 Time: 15:14
o i Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 17
Amplltudes and Frequencies Graph Information
Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.01 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.02 in/s 0.0 Hz. : Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.04 in/s 170.6 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic ' Radial ' Vertical Transverse
Peak = 0.00 Hz Peak = 0.88 Hz Peak = 1.00 Hz Peak = 0.88 Hz
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University of Missouri-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
. Unit 17
Location: Indian Sleeping Chamber
Non-blast Trigger
Event: 016 Date: 6/20/95- Time: 15:28
o ) Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 17
Amplltudes and Frequenc1es Graph Information
Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.03 in/s 0.0 Hz. Acoustic: 0.20° Mb (0.05 Mb/div)
Vertical: 0.04 in/s 170.6 Hz. Seis: 0.07 in/s (0.0175 in/s/div)
Transverse: 0.07 in/s 4.5 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analy51s (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 0.00 Hz Peak = 1.00 H=z Peak = 1.00 Hz Peak = 1.00 Hz
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University of Missouri-Rolla
Rock Mechanics and Explogive Research Center
Crystal Cave Project
Unit 17
Location: Indian Sleeping Chamber
Non-blast Trigger
Event: 017  Date: 6/20/95 Time: 15:30
Air Trigger: 142 dB  Seis Trigger: 0.03 in/s  S/N: 17
Amplltudes and Frequenc1es Graph Information
Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.01 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.02 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/g/div)
Transverse: 0.04 in/s 170.6 Hz. Time Lines at: 0.50 sec intprvals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 0.00 Hz Peak = 1.00 Hz Peak = 1.25 Hz Peak = 1.00 Hz
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T o T Uriiversity of Misscouri-Rdolla _* o
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 17
Location: Indian Sleeping Chamber
Non-blast Trigger
Event: 018 Date: 6/20/95 Time: 15:32
- Alr Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 17
Amplitudes and Frequencies Graph Information

Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec

Radial: 0.01 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)

Vertical: 0.02 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)

Transverse: 0.04 in/s 170.6 Hz. Time Lines at: 0.50 gec intervals
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A Fourier Analysis (Amplltude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 0.00 Hz Peak = 1.00 Hz Peak = 0.88 Hz Peak = 0.88 Hz
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Rock Mechanics and Explosives Research Center
Crystal Cave Project
Unit 21
Location: Entrance
Non-blast triggers

‘University of Migsouri-Rolla ™ T
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Event: 009 Date: 6/ 9/95 Time: 18:01
o ‘ _Alr Trigger: 142 dB Seis Trigger: 0.03 1n/s_w S/N: 21 o ]
Amplltudes and Frequen01es Graph Information

Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec

Radial: 0.05 in/s 5.3 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)

Vertical: 0.05 in/s 6.1 Hz. Seis: 0.06 in/s (0.015 in/s/div)

Transverse: 0.06 }n/s 5.8 Hz. Time Lines at: 0.50 sec 1ntervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic v Radial Vertical Transverse
Peak = 0.00 Hz Peak = 0.88 Hz Peak = 0.88 Hz Peak = 0.88 Hz
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' N Alr Trigger:
Amplltudes and Frequen01es

University of Migsgoiuri-Rolla
Rock Mechanics and Explosives Research Center
Crystal Cave Project
Unit 21
Location: Entrance
Non-blast triggers

010 Date: 6/12/95
142 dB  Seis Trigger:

Time: 10:47
0.03 1n/s S/N: 21

Graph Information

Event:

Acoustic: 114 dB 28.4 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.07 in/s 64.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.06 in/s 85.3 Hz. Seis: 0.09 in/s (0.0225 in/s/div)
Transverse: 0.09 in/s 85.3 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis {(Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 29.38 Hz ~ Peak = 0.88 Hz Peak = 1.00 Hz Peak = 1.13 Hz
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Univergity of Missouri-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unitle
Location: Hanging Balcony
Non-blast Trigger

Event: 005 Date: 6/12/95 Time: 17:45
) . ... Alr Trigger: 142 dB  Seis Trigger: 0.03 in/s S/N: 16 .
Amplitudes and Frequencies Graph Information
Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.02 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.04 in/s 73.1 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.02 in/s 0.0 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 15.50 Hz ) __Peak = 0.88 Hz ) __Peak = 0.88 Hz ) Peak = 0.88 Hz
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Uniiversity of Misgouri-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unitlé
Location: Hanging Balcony
Non-blast Trigger

Event: 007  Date: 6/16/95 Time: 10:11
Al;”Trlgger 142 dB HmSg%suTrigggr 0 03 1n/s o S/N 16

Amplltudes and Frequenc1es Graph Information

Acoustic: 100 dB 0.0 Hz. v Duration: 0.000 sec To: 4.500 sec

Radial: 0.06 in/s 170.6 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)

Vertical: 0.05 in/s 64.0 Hz. Seis: 0.06 in/s (0.015 in/s/div)

Transverse: 0.03 in/s 0. 0 Hz Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplltude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 0.88 Hz Peak = 0.88 Hz Peak = 0.88 Hz Peak = 0.88 Hz
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University of Missouri-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unitlé
Location: Hanging Balcony
Non-blast Trigger

Event: 008 Date: 6/16/95 Time: 10:14
Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 16

-Amplltudes and Frequenc1es Graph Information
Acoustic: 100 dB 0.0 Hz. Duration:v0.000 sec To: 4.500 sec
Radial: 0.03 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.07 in/s 56.8 Hz. Seis: 0.07 in/s (0.0175 in/s/div)
Transverse 0.02 in/s 0.0 Hz. . Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic . Radial Vertical Transverse
Peak = 11.00 Hz Peak = 0.88 Hz Peak = 0.88 Hz Peak = 0.88 Hz
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TUNiIVEYSity Tof Miggouri=Ro11a
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unitleé
Location: Hanging Balcony
Non-blast Trigger
Date: 6/16/95

Sels Trigger:

Event: 009
e Alr Trigger: 142 dB

Time: 13:01 :
0.03 in/s S/N: 16

Amplltﬁdés and Frequencies Graph Information

Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec

Radial: 0.02 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)

Vertical: 0.05 in/s 73.1 Hz. Seis: 0.05 in/s (0.0125 in/s/div)

Transverse: 0.02 in/s 0.0 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 1.00 Hz Peak = 0.88 Hz Peak = 1.00 Hz Peak = 0.88 Hz
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T University of Midscuri-Rolla T T T T T e m s e

Rock Mechanics and Explosive Research Center
Crystal Cave Project
, Unit 17
Location: Indian Sleeping Chamber
Non-blast Trigger

Event: 022 Date: 6/20/95 Time: 15:40
Air Trigger: 142 dB  Seis Trigger: 0.03 in/s S/N: 17

mwmww—m”m.“ﬂﬁﬁiigaaes and Frequencies Graph Information

Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec

Radial: 0.03 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)

Vertical: 0.04 in/s 170.6 Hz. Seis: 0.07 in/s (0.0175 in/s/div)

Transverse: 0.07 in/s 5.4 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 0.00 H=z Peak = 0.88 Hz Peak = 1.00 Hz Peak = 0.88 Hz
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[T - - University of Migsouri-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 17
Location: Indian Sleeping Chamber
Non-blast Trigger
Event: 023 Date: 6/20/95 Time: 15:42
) Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 17
Amplitudes and Frequencies Graph Information
Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.01 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.02 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.04 in/s 170.6 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 0.00 Hz Peak = 0.88 Hz Peak = 1.25 Hz Peak = 1.00 Hz
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TUniversity of Misscuri-Rollat e
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 17
Location: Indian Sleeping Chamber
Non-blast Trigger

‘Event: 024 Date: 6/20/95 Time: 15:44
o ) Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 17
Amplitudes and Frequencies Graph Information
Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.01 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.02 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.04 in/s 170.6 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 0.00 Hz Peak = 1.00 Hz Peak = 0.88 Hz Peak = 1.00 Hz
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M - T T e T T RA Ve rsity o f T MigsouricRoella
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 17
Location: Indian Sleeping Chamber
Non-blast Trigger .
_Event: 025 Date: 6/20/95 Time: 15:46
e e Air Trigger: 142 dB  Seis Trigger: 0.03 in/s  S/N: 17
Amplitudes and Frequencies Graph Information
Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.01 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.02 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.04 in/s 170.6 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 0.00 Hz Peak = 0.88 Hz Peak = 1.13 Hz Peak = 1.13 Hz
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_ Air Trigger:
Amplltudes and FrequenC1es

TTTTTTTTUniversity T of Misgsouri-RoellaTr
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 17
Location: Indian Sleeping Chamber
Non-blast Trigger
Date: 6/20/95
.Seis Trigger:

Time: 15:48
0.03 1n/s S/N: 17

Graph Information

026
142 dB

Event:

0 g__._._.__ 215‘. .__,510___, . 4_715,_,, —

 Frequency

Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.01 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.02 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.04 in/s 170.6 Hz. Time Lines at: 0.50 sec intervals
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Fourier Ana1y81s (Amplltude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 0.00 Hz Peak = 0.88 Hz Peak = 1.38 Hz Peak = 0.88 Hz
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Uriiversity of "Migsouri-Rolla
Rock Mechanicg and Explosive Research Center
Crystal Cave Project
. Unit 17
Location: Indian Sleeping Chamber
Non-blast Trigger
Date: 6/20/95
Seis Trigger:

Time: 15:50
0.03 in/s

027
142 dB

Event :

Air Trigger: S/N: 17

"—anmmm_umAmplitudes and Frequencies Graph Information
Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.01 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.02 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.04 in/s 170.6 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
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Transverse: 0.06 in/s

. _Air Trigger: 142 dB  Seis Trigger: 0.03 in/s
Amplitudes and Frequencies

Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.03 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.04 in/s 5.3 Hz. Seis: 0.06 in/s (0.015 in/s/div)

6.8 Hz.

Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 17
Location: Indian Sleeping Chamber
Non-blast Trigger
Date: 6/20/95 Time: 15:52

Event: 028

S/N: 17
Graph Information

Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
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T Univérsity of Mideouri-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 17
Location: Indian Sleeping Chamber

Non-blast Trigger

Event: 029 Date: 6/20/95 Time: 15:54
o Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 17

Ampiltudes and Frequencies X Graph Information
Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.01 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.02 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse 0.04 in/s 170.6 Hz. Tlme Lines at: 0.50 sec intervals
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Amplltudes and Frequencies

University of Missouri-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 17
Location: Indian Sleeping Chamber
Non-blast Trigger

Event: 030 Date: 6/20/95 Time: 15:56
Air Trigger: 142 dB  Seis Trigger: 0.03 in/s S/N: 17

Graph Information

Acoustic: 0.dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec

Radial: 0.01 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)

Vertical: 0.02 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)

Transverse O 04 in/s 170.6 Hz. Time Linesg at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)

Acoustic Radial Vertical Transverse
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U UNniversgityof Migssouri-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 17
Location: Indian Sleeping Chamber
Non-blast Trigger

Date: 6/20/95 Time: 15:58
__Seis Trigger: 0.03 in/s S/N: 17

Event: 031
_Air Trigger: 142 dB

- Amplifddes and Frequencies Graph Information

_ Frequency (Hz) __Frequency (Hz) Frequency (Hz)

. Frequency (Hz)

Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.03 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.03 in/s 0.0 Hz. Seis: 0.06 in/s (0.015 in/s/div)
Transverse: 0.06 in/s 5.8 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
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‘University of Migsgsouri-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 17
Location: Indian Sleeping Chamber

Non-blast Trigger

Event: 032 Date: 6/20/95 Time: 16:00 v
Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 17

Transverse: 0.04 in/s 170.6 Hz.

Amplitudes and Frequencies Graph Information

Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.01 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.02 in/s 0.0 Hz. Seisg: 0.05 in/s (0.0125 in/s/div)

Time Lines at: 0.50 sec intervals
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T University of MissouricrRa11E
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 17
Location: Indian Sleeping Chamber
Non-blast Trigger
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_Event: 033 Date: 6/20/95 Time: 16:02
- Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 17
Amplitudes and Frequencies Graph Information

Acoustic: 0 dR 0.0 Hz. Duration: 0.000 sec To: 4.500 sec

Radial: 0.01 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)

Vertical: 0.02 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)

Transverse: 0.04 in/s 170.6 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
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University of Missouri~Rolla™ o o T
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 17
Location: Indian Sleeping Chamber
Non-blast Trigger

Event: 034 Date: 6/20/95 Time: 16:04
Alr Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 17

T AHEiiES&Es and Frequencies Graph Information

Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec

Radial: 0.01 in/s 0.0 Hz. Acoustic: 0.20 Mb, (0.05 Mb/div)

Vertical: 0.02 in/s 0.0 Hz. Seis: 0.05 in/s (D.0125 in/s/div)

Transverse: 0.04 in/s 170.6 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
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Rock Mechanics and Exp1051ve Research Center
Crystal Cave Project
Unit 17
Location: Indian Sleeping Chamber
Non-blast Trigger

Event: 035 Date: 6/20/95 Time: 16:06
Alr Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 17

Amplltudes and Frequencies Graph Information
Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.03 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.04 in/s 3.5 Hz. Seis: 0.07 in/s (0.0175 in/s/div)
Transverse 0. 07 1n/s 4.6 Hz. Tlme Iiines at: 0.50 sec intervals
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Event :
Air Trigger:

TTTTUNiversity of Missouri-Ra1l1a

Rock Mechanics and Explosive Research Center

Crystal Cave Project
Unit 17
Location: Indian Sleeping Chamber
Non-blast Trigger

Date: 6/20/95
Seis Trigger:

036
142 dB

Time: 16:08

0.03 in/s S/N

: 17

T Ampligudes and Frequencies Graph Information

Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec

Radial: 0.01 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)

Vertical: 0.02 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)

Transverse: 0.04 in/s 170.6 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
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Peak = 0.00 Hz Peak = 1.00 Hz Peak = 1.00 Hz Peak = 1.13 Hz
1 e 1 1 1,
0 ) ! | l 0 \"[AUV\"‘/\AJV\“IJ\'\’AM‘"\/V Aol o] 0 JJ!\"M‘W&N-" Deatfiomnt Vi Vst : 0 WWWN M'NWWN\N W%‘W,\ﬁmﬁqw
(B 25 50 75 1_6 0 d"___Z 5 507 757100 25 5}0 _'7%\:MNYb 0 25 50 75 1 (j) 0
__Frequency (Hz) _ Frequency (Hz) __ Frequency (Hz) Freguency (Hz) |




Le-Xx13

TUNIvVErgity T of TMiggouritcrolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 17
Location: Indian Sleeping Chamber
Non-blast Trigger

‘Event: 037 Date: 6/20/95 Time: 16:10
o o Alr Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 17
Amplitudes and Frequencies Graph Information
Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.03 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.04 in/s 170.6 Hz. Seis: 0.06 in/s (0.015 in/s/div)
Transverse: 0.06 in/s 5.2 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analy51s (Amplltude Spectrum)
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Peak = 0.00 Hz Peak = 0.88 Hz Peak = 1.13 Hz Peak = 0.88 Hz
1 — 1 — 1 - 1
- " - t rh
&WW JW bttt )
0 e e L0 _,_\__\.\J \\J" AN L e (YO ) M HWMW‘ MM(S 0 _\U" Wﬂ”%"\'y‘k}i\\ﬁﬂwh‘\‘uﬁ‘m@,ﬂ‘u
0 25 5077775 100 0 50 75 100 O 25 50 75 100 0 25 5075 100
Frequency (Hz) Frequgggzﬂsz) __ Frequency (Hz) Frequency (Hgl




ANIE!

[T T T e e e University of Migsouri~-RO11E™
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 17
Location: Indian Sleeping Chamber
Non-blast Trigger
Event: 038 Date: 6/20/95 Time: 16:12
e o _Air Trigger: 142 dB  Seis Trigger: 0.03 in/s S/N: 17 .
Amplltudes and Frequenc1es Graph Information
Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.01 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.02 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.04 in/s 170.6 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analy51s (Amplltude Spectrum)
Acoustic Radial Vertical Transverse
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- B N - TTUniversity of TMigsouri-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 17
Location: Indian Sleeping Chamber
Non-blast Trigger
Event: 039 Date: 6/20/95 Time: 16:14
) o Air Trigger: 142 dB  Seis Trigger: 0.03 in/s S/N: 17
Amplltudes and Frequenc1es Graph Information
Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.01 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.02 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse 0 04 in/s 170.6 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analy81s (Amplltude Spectrum)
Acoustic Radial Vertical Transverse
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e T/ University of Migsouri-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 17
Location: Indian Sleeping Chamber
Non-blast Trigger
Event: 040 Date: 6/20/95 Time: 16:16
_________________ Alr Trigger: 142 dB Seis Trigger: 0.03 in/s ~S/N: 17
Amplitudes and Frequencies Graph Information
Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.03 in/s - 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.04 in/s 3.2 Hz. Seis: 0.07 in/s (0.0175 in/s/div)
Transverse: 0.07 in/s 5.3 Hz. Time Lines at: 0.50 sec .intervals
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Fourier Analy51s (Amplltude Spectrum)
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URliversity of Missouri-Rolla

Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 17
Location: Indian Sleeping Chamber
Non-blast Trigger
Event: 041  Date: 6/20/95 Time: 16:18
B - Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 17 .
Amplitudes and Frequencies - ‘ Graph Information
Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.01 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.02 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.04 in/s 170.6 Hz. Time Lines at: 0.50 sec intervals
- B Cal 0.98
- Cal 0.48
1_{ l—‘J 1 /\/
E Cal 0.51
£ WL e . \///\\\\v//
E Cal~0.94
I T AW 11 T T \/\/
6 0 0 S =TS 0ETTTTLII008 T T ITR08 T Y2008 27508377008 T 3508 47008774508
Fourier Analysis (Amplitude Spectrum)
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Peak = 0.00 Hz Peak = 1.00 Hz Peak = 1.00 Hz Peak = 1.13 Hz
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Air Trigger:

Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 17
Location: Indian Sleeping Chamber
Non-blast Trigger

Date: 6/20/95
Seis Trigger:

Event: 042 Time: 16:20

142 dB

- Amplltudes and Frequencies

Acoustic:
0.01 in/s

0.02 in/s
0.04 in/s

Vertical:
Transverse:

0.03 in/s S/N:

17

Duration: 0.000 sec To:
Acoustic:
0.0 Hz. Seis:
170.6 Hz. Time Lines at:

Graph Information

4.500 sec
0.20 Mb (0.05 Mb/div)

0.05 in/s (0.0125 in/s/div)
0.50 sec intervals
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Ufliversity of MigEsouri-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 17
Location: Indian Sleeping Chamber
Non-blast Trigger

Event: 043 Date: 6/20/95 Time: 16:22
_Air Trigger: 142 dB  Seis Trigger: 0.03 in/s S/N: 17

‘ Ambiitudés and Frequencies Graph Information
Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.01 in/s p.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.02 in/s| 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.04 in{Ys 170.6 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 0.00 Hz Peak = 0.88 Hz Peak = 0.88 Hz Peak = 1.00 Hz
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University of Migsouri-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 17
Location: Indian Sleeping Chamber
Non-blast Trigger
Event: 044 Date: 6/20/95 Time: 16:24

.~ e . Alr Trigger: 142 dB __ Seis Trigger: 0.03 in/s S/N: 17
Amplitudes and Frequencies Graph Information
Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.01 in/s 0.0 Hz. : Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.02 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.04 in/s 170.6 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 0.00 Hz Peak = 1.00 Hz Peak = 1.00 Hz Peak = 1.13 Hz
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‘Univérsity of Missouri-Rolla o
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 17
Location: Indian Sleeping Chamber
Non-blast Trigger

Event: 045 Date: 6/20/95 Time: 16:26
Air Trigger: 142 dB  Seis Trigger: 0.03 in/s S/N: 17

Amplltudes and Frequenc1es Graph Information

Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec

Radial: 0.01 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)

Vertical: 0.02 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)

Transverse 0.04 in/s 170.6 Hz. Time Lines at: 0.50 sec intervals
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Fouriexr Analysisu(Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 0.00 Hz Peak = 0.88 Hz Peak = 1.00 Hz Peak = 0.88 Hz
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T i T University of Misssuri-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
, Unit 17
Location: Indian Sleeping Chamber
Non-blast Trigger
Event: 046 Date: 6/20/95 Time: 16:28
) ) __Air Trigger: 142 dB  Seis Trigger: 0.03 in/s S/N: 17
Amplltudeo and Frequencies Graph Information
Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.01 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.02 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.04 in/s 170.6 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 0.00 Hz Peak = 0.88 Hz Peak = 1.00 Hz Peak = 0.88 Hz
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T T T T T UHiVeE T sity o f ' MigsouriRolla I
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 17
Location: Indian Sleeping Chamber
Non-blast Trigger
Event: 047 Date: 6/20/95 Time: 16:30

B Air Trigger: 142 dB  Seis Trigger: 0.03 in/s S/N: 17

Amplitudes and Frequencies Graph Information
Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.03 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.04 in/s 2.9 Hz. Seis: 0.06 in/s (0.015 in/s/div)
Transverse: 0.06 in/s 5.2 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 0.00 Hz Peak = 0.88 Hz Peak = 0.88 Hz Peak = 0.88 Hz
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University of Missouri-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 17
Location: Indian Sleeping Chamber
Non-blast Trigger

. Event: 048  Date: 6/20/95 Time: 16:32
Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 17

Amplitudes and Frequencies Graph Information
| Acoustic: 0 dB 0.0 Hz. ' Duration: 0.000 sec To: 4.500 sec
Radial: 0.03 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.04 in/s 4.4 Hz. Seis: 0.06 in/s (0.015 in/s/div)
Transverse: 0.06 in/s 5.2 Hz. Time Lines at: 0.50 se¢ intervals
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Fourier Ana1y31s (Amplitude Spectrum)
Acoustic Radial Vertical Trangsverse
Peak = 0.00 Hz Peak = 0.88 Hz Peak = 1.00 Hz Peak = 1.13 Hz
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University of Missouri-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 17
Indian Sleeping Chamber
Non-blast Trigger

Location:

Event: 049 Date: 6/20/95 Time: 16:34
- L _ _Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 17
Amplltudes and Frequencies Graph Information
Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.01 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.02 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.04 in/s 170.6 Hz. Time Lines at: 0.50 sec interwvals
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"Fourier Analysis {(Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 0.00 Hz Peak = 0.88 Hz Peak = 0.88 H=z Peak = 1.13 Hz
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T T University of Migsouri-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 17
Location: Indian Sleeping Chamber
Non-blast Trigger
. Event: 050 Date: 6/20/95 Time: 16:36
- Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 17
Amplitudes and Frequencies Graph Information
Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.03 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.04 in/s 4.0 Hz. Seis: 0.07 in/s (0.0175 in/s/div)
Transverse: 0.07 in/s 9.3 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 0.00 Hz Peak = 1.00 Hz Peak = 0.88 Hz Peak = 1.38 Hz
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) h ) B T Univergity 6t Misgouri-Rolla i
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 17
Location: Indian Sleeping Chamber
Non-blast Trigger
"Event: 051 Date: 6/20/95 Time: 16:38
, L Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 17
Amplltudes and Frequencies Graph Information
Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.01 in/s 0.0 Hz. Acoustig: 0.20 Mb (0.05 Mb/div)
Vertical: 0.02 in/s 0.0 Hz. Seis: 005 in/s (0.0125 in/s/div)
Transverse: 0.04 in/s 170.6 H=z. Time Linhes at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 0.00 Hz Peak = 1.00 Hz Peak = 1.00 Hz Peak = 1.00 Hz
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University of "Migsouri-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 17
Location: Indian Sleeping Chamber
Non-blast Trigger
Event: 052 Date: 6/20/95 Time: 16:40
Air Trigger: 142 dB  Seis Trigger: 0.03 in/s S/N: 17

Amplltudes and Frequencies Graph Information

Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec

Radial: 0.01 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)

Vertical: 0.02 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)

Transverse: 0.04 in/s 170.6 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplltude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 0.00 Hz Peak = 1.00 Hz Peak = 1.00 Hz Peak = 0.88 Hz
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3 T University of Miggouri-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 17
Location: Indian Sleeping Chamber
: Non-blast Trigger
Event: 053 Date: 6/20/95 Time: 16:42
S Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 17
Amplltudes and Frequencies Graph Information
Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.03 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.04 in/s 3.2 Hz. Seis: 0.06 in/s (0.015 in/s/div)
Transverse: 0.06 in/s 5.8 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplltude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 0.00 Hz Peak = 1.00 Hz Peak = 1.00 Hz Peak = 1.25 Hz
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T B o - - UNiversity of Missouri<Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
; Unit 17
Location: Indian Sleeping Chamber
Non-blast Trigger
Event: 054 Date: 6/20/95 Time: 16:44
i B _Air Trigger: 142 dB  Seis Trigger: 0.03 in/s S/N: 17
Amplltudes and Frequen01es Graph Information
Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.03 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.04 in/s 170.6 Hz. Seis: 0.06 in/s (0.015 in/s/div)
Transverse 0.06 in/s 6 7 Hz Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic ' Radial Vertical Transverse
Peak = 0.00 Hz Peak = 1.00 Hz Peak = 0.88 Hz Peak = 0.88 Hz
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Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 17
Location: Indian Sleeping Chamber
Non-blast Trigger

Event: 055 Date: 6/20/95 Time: 16:46
Alr Trigger: 142 dB  Seis Trigger: 0.03 in/s S/N: 17

Amplltudes and Frequen01es Graph Information
Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.01 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.02 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.04 in/s 170.6 Hz. Time Lines at: 0.50 sec intexrvals
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Fourler Analy81s (Amplltude Spectrum)

Acoustic Radial Vertical Transverse
Peak = 0.00 Hz Peak = 0.88 Hz Peak = 1.00 Hz Peak = 0.88 Hz
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University of Missoliri~Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 17
Location: Indian Sleeping Chamber
Non-blast Trigger

Event: 056 Date; 6/20/95 Time: 16:48
Air Trigger: 142 dB  Seis Trigger: 0.03 in/s S/N: 17
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' Amplitﬁdes and Frequenc1es - Graph Information
Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.01 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.02 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.04 in/s 170.6 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 0.00 Hz Peak = 0.88 Hz Peak = 1.00 Hz Peak = 0.88 Hz
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University of Missouri-Rolla’ -
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 17
Location: Indian Sleeping Chamber
Non-blast Trigger

Date: 6/20/95
Seis Trigger:

Time: 16:50

Event: 057
0.03 in/s S/N: 17

Air Trigger: 142 dB

Graph Information
0.000 sec To: 4.500 sec

-Wiﬁﬁiitudes and Frequencies
Duration:

Acoustic: 0 dB 0.0 Hz.
Radial: 0.01 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.02 in/s 0.0 |Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.04 in/s 170.6 Hz Tlme Llnes at 0.50 sec intervals
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Fourier Analy51s (Amplltude Spectrum)
Acoustic Radial Vertical Transverse
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I T T T Univer ity of TMigsouri©Rolla T T
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 17
Location: Indian Sleeping Chamber
Non-blast Trigger
Event: 058 Date: 6/20/95 Time: 16:52
. ... . .. Air Trigger: 142 dB  Seis Trigger: 0.03 in/s S/N: 17
Amplitudes and Frequencies Graph Information

Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec

Radial: 0.01 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)

Vertical: 0.02 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)

Transverse: 0.04 in/s 170.6 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 0.00 Hz Peak = 1.00 Hz Peak = 1.00 Hz Peak = 0.88 Hz
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B T TUniversity of Missouri-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Projec
Unit 17 :
Location: Indian Sleeping Chamber
Non-blast Trigger ‘
Event: 059 Date: 6/20/95 Time: 16:54
... Air Trigger: 142 dB _ Seis Trigger: 0.03 in/s _ S/N: 17 .
Amplitudes and Frequencies Graph Information
Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.01 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.02 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.04 in/s 170.6 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 0.00 Hz Peak = 1.00 Hz Peak = 1.00 Hz Peak = 0.88 Hz
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Uniiversity of Missouri-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 17
Location: Indian Sleeping Chamber
Non-blast Trigger

Event: 060 Date: 6/20/95 Time: 16:56
Air Trigger: 142 dB  Seis Trigger: 0.03 in/s S/N: 17

Amplliﬂdés and Frequenc1es Graph Information
Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.01 in/s 0.0 Hz. ’ Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.02 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.04 in/s 170.6 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 0.00 Hz Peak = 0.88 Hz Peak = 1.00 Hz Peak = 0.88 Hz
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Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 17
Location: Indian Sleeping Chamber
Non-blast Trigger
Event: 061  Date: 6/20/95 Time: 16:58
_ Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 17
Amplitudes and Frequencies Graph Information

Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec

Radial: 0.03 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)

Vertical: 0.04 in/s 3.8 Hz. Seis: 0.07 in/s (0.0175 in/s/div)

Transverse: 0.07 in/s 4.6 Hz Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 0.00 Hz Peak = 0.88 Hz Peak = 0.88 Hz Peak = 1.00 Hz
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TTUNiverdity of "Migsou¥iTRS11a T
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unit 17
Location: Indian Sleeping Chamber
Non-blast Trigger
Event: 062 Date: 6/20/95 Time: 17:00
Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 17

Amplitudes and Frequencies Graph Information
Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.01 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.02 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s|//div)
Transverse: 0.04 in/s 170.6 Hz. Tlme Llnes at: 0.50 sec 1ntervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 0.00 Hgz Peak = 0.88 Hz Peak = 1.25 Hz Peak = 1.00 Hz
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UNivVeErgity of "Migso6U¥ri~Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project

: Unit 17
Location: Indian Sleeping Chamber
Non-blast Trigger

 Event: 063 Date: 6/20/95 Time§ 17:02
- Air Trigger: 142 dB . Seis Trigger: 0.03 in/s S/N: 17
Amplitudes and Frequencies Graph Information
Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.03 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.04 in/s 170.6 Hz. Seis: 0.06 in/s (0.015 in/s/div)
Transverse: 0.06 in/s 5.1 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 0.00 Hz Peak = 0.88 Hz Peak = 0.88 Hz Peak = 0.88 Hz
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Ufiiversity of Missouri-Rolla
Rock Mechanics and Explosives Research Centex
Crystal Cave Project
Unit 17
Location: Indian Sleeping Chamber
Non-blast Trigger
Event: 063 Date: 6/20/95 Time: 17:02
) _ Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 17
Amplltudes and Frequenc1es Graph Information
Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.03 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.04 in/s 170.6 Hz. Seis: 0.06 in/s (0.015 in/s/div)
Transverse: 0.06 in/s ‘5.1 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analy51s (Amplltude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 0.00 Hz Peak = 0.88 Hz Peak = 0.88 Hz Peak = 0.88 Hz
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University of Misscuri-Rolla
Rock Mechanics and Explosives Research Center
Crystal Cave Project
Unit 17
Location: Indian Sleeping Chamber
Non-blast Trigger

Event: 064 Date: 6/20/95 Time: 17:04
Air Trigger: 142 dB  Seis Trigger: 0.03 in/s S/N: 17

e

Amplltudes and Frequen01es Graph Information

Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec

Radial: 0.01 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)

Vertical: 0.02 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)

Transverse: 0.04 in/s 170.6 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplltude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 0.00 Hz Peak = 1.00 Hz Peak = 1.00 Hz Peak = 0.88 Hz
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Univergity of Missouri-Rolla
Rock Mechanics and Explosives Research Center
Crystal Cave Project
Unit 17
Location: Indian Sleeping Chamber
Non-blast Trigger

Date: 6/20/95
Seis Trigger:

Event: 065

Time: 17:06
Air Trigger: 142 dB

0.03 in/s S/N: 17

Amplitudes and Frequencies Graph Information

Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.01 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.02 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
LTransverse: 0.04 in/s 170.6 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial " Vertical _ Transverse
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UNiversity of Miggouri-RG1I1a
Rock Mechanics and Explosives Research Center
Crystal Cave Project
Unit 17
Location: Indian Sleeping Chamber
Non-blast Trigger

Event: 066 Date: 6/20/95 Time: 17:08
Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 17

Amplitudes and Frequencies Graph Information

Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec

Radial: 0.01 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)

Vertical: 0.02 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)

Transverse: 0.04 in/s 170.6 Hz. Time Lines at: 0.50 sec intervals

T - Cal 07,98

A /\/
- Cal 0.49

R ] : “//«\\\\//
- Cal 0.51
A\ L R /\/
E Cal ~0.94

T RN T . LUt 1T i) \/ /
07008 0508 1008 17508 27008 27508 37008 T 30508 4T 008 4.50s

Fourier Analysis (Amplitude Spectrum)
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University of Migsouri-Rolla
Rock Mechanics and Explosives Research Center
Crystal Cave Project
Unit 17
Location: Indian Sleeping Chamber
Non-blast Trigger

Event: 067 Date: 6/20/95 Time: 17:10
Air Trigger: 142 dB _ Seis Trigger: 0.03 in/s_ S/N: 17

Mﬂﬁﬁiitudes and Frequencies Graph Information R

Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec

Radial: 0.01 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)

Vertical: 0.02 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)

Transverse: 0.04 in/s 170.6 Hz. . | Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic : Radial Vertical Transverse
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"UNivergity 6f Miggouri-RE11a™
Rock Mechanics and Explosives Research Center
Crystal Cave Project
Unit 17
Location: Indian Sleeping Chamber

Non-blast Trigger

Event: 068 Date: 6/20/95 Time: 17:12
] Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 17
Amplltudes and Frequencies Graph Information
Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.01 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.02 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.04 in/s 170.6 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 0.00 Hz Peak = 1.00 Hz Peak = 1.25 Hz Peak = 0.88 Hz
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TTUNivergity of Missocuri-Rolla T
Rock Mechanics and Explosives Research Center
Crystal Cave Project
Unit 17
Location: Indian Sleeping Chamber
Non-blast Trigger
Event: 069 Date: 6/20/95 Time: 17:14
Air Trigger: 142 dB  Seis Trigger: 0.03 1n/s __S/N: 17

Amplltudes and Frequenc1es Graph Information
Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.01 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.02 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.04 in/s 170.6 Hz. Time Lines at: 0.50 sec intervals
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Fourler Analy51s (Amplltude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 0.00 Hz Peak = 1.00 Hz Peak = 1.00 Hz Peak = 0.88 Hz
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TUnivergity of Misgouri-Rolla
Rock Mechanics and Explosives Research Center
Crystal Cave Project
Unit 17
Location: Indian Sleeping Chamber

Non-blast Trigger

Event: 070 Date: 6/20/95 Time: 17:16
Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 17

_—“iﬁplitudes and Frequencies : Graph Information
Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.03 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.04 in/s 4.0 Hz. Seis: 0.06 in/s (0.015 in/s/div)
Transverse: 0.06 in/s 6.1 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplltude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 0.00 Hz’ Peak = 0.88 Hz Peak = 1.00 Hz Peak = 0.88 Hz
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- B University of Migsouri-R611a
Rock Mechanics and Explosives Research Center
Crystal Cave Project
Unit 17
Location: Indian Sleeping Chamber
Non-blast Trigger
Event: 071 Date: 6/20/95 Time: 17:18
Voo ... Alr Trigger: 142 dB  Seis Trigger: 0.03 in/s S/N: 17
Amplitudes and Frequencies Graph Information
Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.03 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.04 in/s 2.8 Hz. Seis: 0.06 in/s (0.015 in/s/div)
Transverse: 0.06 in/s 8.5 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 0.00 Hz Peak = 0.88 Hz Peak = 1.25 Hz Peak = 0.88 Hz
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T University 6f 'Migsouri-Rolla
Rock Mechanics and Explosives Research Center
Crystal Cave Project
Unit 17
Location: Indian Sleeping Chamber
Non-blast Trigger

Event: 072 Date: 6/20/95 Time: 17:20
L o Air Trigger: 142 dB Seis Triggexr: 0.03 in/s S/N: 17
Amplitudes and Frequencies Graph Information
Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.01 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.02 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.04 in/s 170.6 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
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... Alr Trigger: 142 dB
Amplitudes and Frequencies

T UniIvVersity o T Migsouri-REl1la
Rock Mechanics and Explosives Research Center
Crystal Cave Project
Unit 17
Location: Indian Sleeping Chamber
Non-blast Trigger

Date: 6/20/95 Time: 17:22
Seis Trigger: 0.03 in/s S/N: 17

Event: 073

Graph Information

Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.03 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.04 in/s 3.1 Hz. Seis: 0.06 in/s (0.015 in/s/div)
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Transverse: 0.06 in/s 7.1 Hz. Time Lines at: 0.50 sec intervals
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' Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 0.00 Hz Peak = 1.00 Hz Peak = 1.00 Hz Peak = 0.88 Hz
j| — j — 1 - j| R—

s

Mo h NITYD
AT meh“WMWm“ o JNWM%WMN\WMN i
[ @_“&Sﬁyﬂﬁyémmw6o 0 A"NM%%&Mngmeﬂng%%o 0} W 25' gdﬁ @Q@W£60

=

Frequency (Hz)

__Frequency (Hz)




69-X13

TUNiversity of Missouri-Rolla
Rock Mechanics and Explosives Research Center
Crystal Cave Project
Unit 17
Location: Indian Sleeping Chamber
Non-blast Trigger

Event: 074  Date: 6/20/95 Time: 17:24
o Air Trigger: 142 dB  Seis Trigger: 0.03 in/s S/N: 17

Amplitudes and Frequencies
Acoustic: 0 dB 0.0 Hz.

Graph Information
Duration: 0.000 sec To: 4.500 sec

Radial: 0.01 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)

Vertical: 0.02 |in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)

Transverse: 0.04 in/s 170.6 Hz. Time Lines at: 0.50 sec intervals
- T T cal—0.98
E
- Cal 0.48
R__......_....___. _'_"] N u §/\/
- Cal 0.51
At !___“" AT 1 /\/
= : fj}pp.93
T‘———‘_-M“WI'I"I_ __JIT'_'"__'“ Ti_i T T°1 1] T \\1/
BTDU§“”“”LT50§‘ 17008 17508 T TT2U008 27508 37008 37508 47008 4 .50s

Fourier Analysis (Amplitude Spectrum) '
Acoustic . Radial Vertical Transverse
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TTUniversity of "Missouri-RollEd
Rock Mechanics and Explosivesgs Research Center
Crystal Cave Project
Unit 17
Location: Indian Sleeping Chamber

Non-blast Trigger

—_—
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_ _Event: 075 Date: 6/20/95 Time: 17:26
L e Alr Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 17
Amplitudes and Frequencies Graph Information
Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.01 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.02 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.04 in/s 170.6 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
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Uiversity of " Missouri~Rolla
Rock Mechanics and Explosives Research Center
Crystal Cave Project
Unit 17
Location: Indian Sleeping Chamber
Non-blast Trigger

Date: 6/20/95
~__Seis Trigger:

Event: 076
_______ Alr Trlgger 142 dB

Time: 17:28
0.03 in/s S/N: 17

' Amplltudes and Frequenc1es Graph Information
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Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec

Radial: 0.03 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)

Vertical: 0.04 in/s 3.8 Hz. Seis: 0.06 in/s (0.015 in/s/div)

Transverse: 0.06 in/s 4.9 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 0.00 Hz Peak = 1.00 Hz Peak = 1.00 Hz Peak = 1.13 Hz
1. - 1 1 .- 1 . .

WMW

(Hz




¢/-X13

T Univergity 6f Miggouri-Rolla
Rock Mechanics and Explosives Research Center
Crystal Cave Project
Unit 17
Location: Indian Sleeplng Chamber
Non-blast Trigger

Event: 077 Date: 6/20/95 Time: 17:30
,,,,, Air Trigger: 142 dB  Seis Trigger: 0.03 in/s S/N: 17 |
Amplltudes and Frequen01es -Graph Information
Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.03 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.04 in/s 170.6 Hz. Seisg: 0.06 in/s (0.015 in/s/div)
Transverse: 0.06 in/s 5.2 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 0.00 Hz Peak = 0.88 Hz Peak = 0.88 Hz Peak = 0.88 Hz
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T Univérgity of Migsouri-Rolla T
Rock Mechanics and Explosives Research Center
Crystal Cave Project
Unit 17
Location: Indian Sleeping Chamber
Non-blast Trigger
Event: 078 Date: 6/20/95 Time: 17:32
Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 17
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- Amplltudes and Frequencies Graph Information
Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.01 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.02 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse 0.04 in/s 170.6 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplltude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 0.00 Hz Peak = 0.88 Hz Peak = 1.13 Hz Peak = 1.13 Hz
11— 1. 1 1




y.-x13

- ) - N - TUnivergity of Migsocuri-RolT1a
Rock Mechanics and Explogives Research Center
Crystal Cave Project
_ Unit 17
Location: Indian Sleeping Chamber
» Non-blast Trigger -
Event: 079 Date: 6/20/95 Time; 17:34
S __Alr Trigger: 142 dB Seis Triggex: 0.03 in/s S/N: 17
Amplltudes and Frequen01es Graph Information
Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.01 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.02 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0. 04 1n/s 170.6 Hz Tlme Lines at: 0.5D sec intervals
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Fourler Analy81s (Amplltude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 0.00 Hz Peak = 1.00 Hz Peak = 1.13 Hz Peak = 0.88 Hz
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Uniiversity of Missouri-Rolla
Rock Mechanics and Explosives Research Center
Crystal Cave Project
Unit 17
Location: Indian Sleeping Chamber
Non-blast Trigger

Event: 080 Date: 6/20/95 Time: 17:36
Air Trigger: 142 dB  Seis Trigger: 0.03 in/s S/N: 17

c)-X13

wwmwmwumwmwﬁﬁbiztudes and Frequencies Graph Information

Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec

Radial: 0.01 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)

Vertical: 0.02 in/s 0.0 .Hz. Seis: 0.05 in/s (0.0125 in/s/div)

Transverse: 0.04 in/s 170.6 Hz. Time Lines at: 0.50 sec intervals

T D T M e Bt cal- 098 ——
A - - B J//v
- Ccal 0.48

R ’_” rn AL ~//\\\\v//
- cal 0.51
y 'W“Jl A e - R 'V//\\\\J//
- Cal~0.93
T_mrwmmw1 . O N 117 S \///\\\\\//
0.00s L;SOS 1.00s 1.50s 2.00s 2.50s ~ 3.008 3508 747008 '4.50s /

Fourier Analysis (Amplitude Spectrum)
Acoustic Radial _ Vertical Transverse
Peak = 0.00 Hz Peak = 1.00 Hz Peak = 1.00 Hz Peak = 1.00 Hz
1 — 1 1 1
_ - _

A |
\WJV\\ \/VJV\IA A ) m ‘W\\ Vo f A\'ﬁ‘[‘_m\‘v Vel ,\f o A ,\\ " MM! WW\(VUW \Aﬁ'{ﬂff\\‘ﬁﬂﬂi&/\
0“'"2% "§O'“"f5"160 o(} . %5 MgﬁmwwySN iao o0 | 2@Mngé4iay§LﬂT%O 0 “iSlMKSO“y%%{”yﬁo

Frequency (Hz).

__Frequency (Hz)

Frequency (Hz)

. Frequency (Hz)



9/-X13

T'University ‘of Missouri-Rolla ™™ o T T
Rock Mechanicg and Explogives Research Center
Crystal Cave Project
Unit 17
Location: Indian Sleeping Chamber

‘ Non-blast Trigger
Event: 081 Date: 6/20/95 Time: 17:38
Air Trigger: 142 dB  Seis Trigger: 0.03 in/s S/N: 17

Amplltudes and Frequenc1es Graph Information
Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.03 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.04 in/s 3.7 Hz. Seis: 0.07 in/s {(0.0175 in/s/div)

Transverse O 07 1n/s 5.3 Hz. Time Lines at: 0.50 sec intervals
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Fourler Analy51s (Amplltude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 0.00 Hz Peak = 0.88 Hz Peak = 0.88 Hz Peak = 1.00 Hz
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"University of "Missouri-Rolla ™™ )
Rock Mechanics and Explosives Research Center
Crystal Cave Project
Unit 17
Location: Indian Sleeping Chamber
Non-blast Trigger
Event: 082 Date: 6/20/95 Time: 17:40
o . - Alr Trigger: 142 dB Seis Triggex: 0.03 in/s S/N: 17
Amplltudes and Frequenc1es Graph Information
Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.01 in/s 0.0 Hz. Acqustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.02 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.04 in/s 170.6 Hz. Time Lines at: 0.50 sec intervals
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Fourier BAnalysis (Bmplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 0.00 Hz Peak = 0.88 Hz Peak = 1.13 Hz Peak = 1.00 Hz
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University of Misgsouri-Rolla o .
Rock Mechanics and Explosives Research Center
Crystal Cave Project
Unit 17
Location: Indian Sleeping Chamber
_ Non-blast Trigger
Event: 083 Date: 6/20/95 Time: 17:42

e _Air Trigger: 142 dB  Seis Trigger: 0.03 in/s S/N: 17 o
Amplltudes and Frequen01es Graph Information
Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.03 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.04 in/s 3.9 Hz. Seis: 0.06 in/s (0.015 in/s/div)
Transverse O 06 1n/s 6 0 Hz Tlme Llnes at: 0.50 sec intervals
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Fourier Analy31s (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 0.00 Hz Peak = 1.00 Hz Peak = 1.00 Hz Peak = 0.88 Hz
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‘Urniivergity "6f Miggouri~Rolla - ) N
Rock Mechanics and Explosives Research Center
Crystal Cave Project
Unit 17
Location: Indian Sleeping Chamber
Non-blast Trigger

Event: 084 Date: 6/20/95 Time: 17:44
Air Trigger: 142 dB  Seis Trigger: 0.03 in/s S/N: 17

’ Amplltudes ‘and Frequen01es Graph Information
Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: .0.01 in/s 0.0 Hz. ’ Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.02 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.04 in/s 170.6 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 0.00 Hz Peak = 1.00 Hz Peak = 0.88 Hz Peak = 0.88 Hz
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TUNivVerSity of MiSSOUYi-R611aA
Rock Mechanics and Explosives Research Center
Crystal Cave Project
Unit 17
Location: Indian Sleeping Chamber
Non-blast Trigger
Event: 085 Date: 6/20/95 Time: 17:46
Air Trigger: 142 dB  Seis Trigger: 0.03 in/s S/N: 17
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' Amplltudes and Frequenc1es Graph Information
Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.03 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.04 in/s 2.9 Hz. Seis: 0.06 in/s (0.015 in/s/div)
Transverse: 0.06 in/s 7.1 Hz. ,Tlme Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 0.00 Hz Peak = 0.88 Hz Peak = 1.00 Hz Peak = 1.00 Hz
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Rock Mechanics and Explosives Research Center
' Crystal Cave Project
Unit 17
Location: Indian Sleeping Chamber
’ Non-blast Trigger
Event: 086 Date: 6/20/95 Time; 17:48
oo Air Trigger: 142 dB _ Seis Trigger: 0.03 in/s S/N: 17
Amplitudes and Frequencies Graph Information
Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.01 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.02 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.04 in/s 170.6 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 0.00 Hz Peak = 0.88 Hz Peak = 1.00 Hz Peak = 0.88 Hz
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Crystal Cave Project

T University of Migscuri-Rolla
Rock Mechanics and Explosives Research Center
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Unit 17
Location: Indian Sleeping Chamber
Non-blast Trigger
Event: 087  Date: 6/20/95 Time; 17:50
o Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 17
Amplitudes and Frequencies Graph Information

Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec

Radial: 0.01 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)

Vertical: 0.02 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)

Transverse: 0.04 in/s 170.6 Hz. Time Lines at: 0.50 sec intervals

- - Cal 0.98

A J//\\\\V/A
- Cal 0.49

R I P w1 /\/
- Cal 0.51

v - SN
? Cal~0.93
,kﬂ. - . AR 0 ' ' - \/\ /
0T00E 0508 17008 1750827008 27508 37008 37508 47008 4.50s !

Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
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University of Misgsouri-Rolla

Rock Mechanics and Explogives Research Center
Crystal Cave Project
Unit 17
Location: Indian Sleeping Chamber
Non-blast Trigger
Event: 088 Date: 6/20/95 Time: 17:52
e Alir Trigger: 142 dB Seig Trigger: 0.03 in/s S/N: 17
Amplitudes and Frequencies Graph Information
Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.03 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.04 in/s 3.0 Hz. Seis: 0.06 in/s (0.015 in/s/div)
Transverse: 0.06 in/s 13.8 Hz. Time Lines at: 0.50 sec intervals
- cal 0798
F Cal 0.49
B | — = ‘/\/
- Cal 0.51
v | " N
- Cal ~0.93
";[1'”‘ T ‘-—J"“ ML Y T \//\/
0005 0508 CII008 TIT508 27008 2508 37008 37508  4T0US  4.50s
Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 0.00 Hz Peak = 0.88 Hz Peak = 0.88 Hz Peak = 0.88 Hz
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T U University of Migsolri-Rolla
Rock Mechanics and Explosives Research Centerxr
Crystal Cave Project
Unit 17
Location: Indian Sleeping Chamber
Non-blast Trigger

0 $m“,ngnw_wsb_wm_fs_wwléo
Frequency (Hz)

W\‘/WVW Wi ey gy
o “'2y5_v—__54 OM"‘ 7“5\&1‘L 00 0
(Hz)

/‘\
\ o oa
L[ ‘\'\,/ '\v."j" \ /"ﬁ"\,‘;.""‘\_ P 1 g
“:[/\2-5 N '5)6 o 47)5” Y 0

0¢-~ 100
Frequency (Hz) Frequency

Event: 089 Date: 6/20/95 Time: 17:54
- B Alr Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 17
Amplitudes and Frequencies Graph Information

Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec

Radial: 0.03 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)

Vertical: 0.04 in/s 3.3 Hz. Seis: 0.06 in/s (0.015 in/s/div)

Transverse: 0.06 in/s 5.6 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 0.00 Hz Peak = 0.88 Hz Peak = 1.00 Hz Peak = 0.88 Hz
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University of Missouri-Rolla
Rock Mechanics and Explosives Research Center
Crystal Cave Project
Unit 17
Location: Indian Sleeping Chamber
Non-blast Trigger

‘Event: 090 Date: 6/20/95 Time: 17:56
Air Trigger: 142 dB  Seis Trigger: 0.03 in/s  S/N: 17

' Amblitudes and Frequencies Graph Information
Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.01 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.02 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.04 in/s 170.6 Hz. | Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
- Peak = 0.00 Hz Peak = 0.88 Hz Peak = 1.00 Hz Peak = 0.88 Hz
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T T UnivergdityT ot T Migsouri-Rolla
Rock Mechanics and Explosives Research Center
Crystal Cave Project
Unit 17
Location: Indian Sleeping Chamber
: Non-blast Trigger
Event: 091 Date: 6/20/95 Time: 17:58
Air Trigger: 142 dB  Seis Trigger: 0.03 in/s

S/N: 17

—__wm»mmuwmﬁﬁﬁiitudes and Frequencies o Graph Information
Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.03 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.04 in/s 170.6 Hz. Seis: 0.06 in/s (0.015 in/s/div)
Transverse: 0.06 in/s 5.3 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)

Acoustic Radial Vertical Transverse
Peak = 0.00 Hz - Peak = 0.88 Hz Peak = 1.00 Hz Peak = 1.25 Hz
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Rock Mechanics

T University of Missouri-Rolla

and Explosives Research Center

Crystal Cave Project

Location:

Unit 17
Indian Sleeping Chamber
Non-blast Trigger

Event: 092 Date; 6/20/95 Time: 18:00
B o Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 17
Amplltudes and Frequencies Graph Information
Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.01 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.02 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.04 in/s 170.6 Hz. Time Lines at: 0.50 gec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 0.00 Hz Peak = 1.00 Hz Peak = 1.00 Hz Peak = 1.00 Hz
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TUnivergity of Migsocuri-Rolla
Rock Mechanics and Explosives Research Center
Crystal Cave Project
Unit 17
Location: Indian Sleeping Chamber

Non-blast Trigger

Event: 093 Date: 6/20/95 Time: 18:02
o o ___Alr Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 17
Amplitudes and Frequencies Graph Information
Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.01 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.02 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125{in/s/div)
Transverse: 0.04 in/s 170.6 Hz. Time Lines at: 0.50 sec|intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 0.00 Hz Peak = 0.88 Hz Peak = 1.00 Hz Peak = 0.88 Hz
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TUniversity of " Missouri-Rolla v ”

Rock Mechanics and Explosives Research Center
Crystal Cave Project
Unit 17
Location: Indian Sleeping Chamber
Non-blast Trigger
Event: 094 Date: 6/20/95 Time: 18:04
- N Alr Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 17
Amplltudes and Frequencies Graph Information
Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.01 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.02 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.04 in/s 170.6 Hz. Time Lines at: 0.50 sec intervals
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Fourler Analy81s (Amplltude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 0.00 Hz Peak = 1.00 Hz Peak = 1.00 Hz Peak = 0.88 Hz
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- - T ) University of Migscuri-Rolla ™ h
Rock Mechanics and Explogives Research Center
Crystal Cave Project
Unit 17
Location: Indian Sleeping Chamber
Non-blast Trigger
_ _Event: 095 Date: 6/20/95 Time: 18:06
- Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 17 L
Amplitudes and Frequencies Graph Information
Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.01 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.02 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.04 in/s 170.6 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 0.00 Hz Peak = 0.88 Hz Peak = 0.88 Hz Peak = 0.88 Hz
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Rock Mechanics and Explosives Research Center
Crystal Cave Project
Unit 17
Location: Indian Sleeping Chamber
Non-blast Trigger
Event: 096 Date: 6/20/95 Time: 18:08
Air Trigger: 142 dB Seisg Trigger: 0.03 in/s S/N: 17

Amplitudes and Frequencies Graph Information
Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.01 in/s 0.0 Hz. Acousticy 0.20 Mb (0.05 Mb/div)
Vertical: 0.02 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.04 in/s 170.6 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplltude Spectrum)
Acoustic , Radial Vertical Transverse
Peak = 0.00 Hz Peak = 0.88 Hz Peak = 1.00 Hz Peak = 0.88 Hz
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o T URivergsity of "Migg§ouri-Rolla
Rock Mechanics and Explosives Research Center
Crystal Cave Project
Unit 17
Location: Indian Sleeping Chamber
Non-blast Trigger
Event: 097 Date: 6/20/95 Time: 18:10
_Alr Trigger: 142 dB  Seis Trigger: 0.03 in/s S/N: 17
Amplltudes and Frequencies Graph Information

Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec

Radial: 0.03 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)

Vertical: 0.04 in/s 170.6 Hz. Seis: 0.07 in/s (0.0175 in/s/div)

Transverse: 0.07 in/s 5.7 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 0.00 Hz Peak = 0.88 Hz Peak = 1.00 Hz Peak = 0.88 Hz
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University of Missouri-Rolla
Rock Mechanics and Explosives Research Center
Crystal Cave Project
Unit 17
Location: Indian Sleeping Chamber
Non-blast Trigger
Event: 098 Date: 6/20/95 Time: 18:11
I . __Alr Trigger: 142 dB  Seis Trigger: 0.03 in/s S/N: 17
Amplitudes and Frequencies Graph Information

Acoustic: 131 dB 3.6 Hz. . | Dburation: 0.000 sec To: 4.500 sec
Radial: 0.04 in/s 1.8 Hz. Acoustic: 0.70 Mb (0.17 Mb/div)
Vertical: 0.05 in/s 1.8 Hz. Seis: 0.06 in/s (0.015 in/s/div)

Transverse: 0.06 in/s 1.9 Hz.

Time Lines at: 0.50 sec intervals
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Fourier Analysis {(Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 1.75 Hz Peak = 1.25 Hz Peak = 1.13 Hz Peak = 1.25 Hz
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University of Missouri-Rolla
Rock Mechanics and Explosives Research Center
Crystal Cave Project
Unit 17
Location: Indian Sleeping Chamber
Non-blast Trigger

Event: 099  Date: 7/ 5/95 Time: 8:23
L 3 Air Trigger: 142 dB  Seis Trigger: 0.03 in/s S/N: 17
Amplltudes and Frequencies Graph Information

Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec

Radial: 3.04 in/s 1.4 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)

Vertical: 5.12 in/s 2.6 Hz. . Seis: 5.12 in/s (1.28 in/s/div)

Transverse 5.12 in/s 2.6 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplltude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 0.88 Hz Peak = 0.88 Hz Peak = 1.00 Hz Peak = 1.00 Hz
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UAivVersity of "Miggouri-Rolla

Rock Mechanics and Explosives Research Center

Crystal Cave Project
Unit 17
Location: Indian Sleeping Chamber
Non-blast Trigger

Event: 100 Date: 7/ 5/95 Time: 13:30
.. Air Trigger: 142 dB  Seis Trigger: 0.03 in/s S/N: 17 _
Amplltudes and Frequen01es Graph Information
Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.68 in/s 8.6 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 1.76 in/s 26.9 Hz. Seis: 3.88 in/s (0.97 in/s/div)
Transverse: 3.88 in/s .5 Hz. Time/Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 0.00 Hz Peak = 7.00 Hz Peak = 33.13 Hz Peak = 6.75 Hz
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University of Missouri-Rolla
Rock Mechanics and Explosives Research Center
Crystal Cave Project
Unit 17
Location: Indian Sleeping Chamber

Non-blast Trigger

Event: 101 Date: 7/ 5/95 Time: 13:30
Air Trigger: 142 dB  Seis Trigger: 0.03 in/s S/N: 17

”Amplltudes and Frequen01es Graph Information
Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.30 in/s 3.2 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.14 in/s 4.7 Hz. Seis: 0.81 in/s (0.2025 in/s/div)
Transverse: 0.81 in/s 3.9 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analy51s (Amplltude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 1.75 Hz Peak = 3.25 Hz Peak = 3.13 Hz Peak = 3.25 Hz
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University of Missour¥i-Rolla
Rock Mechanics and Explosives Research Center
Crystal Cave Project
Unit 17
Location: Indian Sleeping Chamber
Non-blast Trigger

Event: 102 Date: 7/18/95 Time: 16:50
) Air Trigger: 142 dB  Seis Trigger: 0.03 in/s S/N: 17
Amplltudes and Frequencies Graph Information

Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec

Radial: 0.01 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)

Vertical: 0.03 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)

Transverse: 0.01 in/s 0.0 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplltude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 0.00 Hz Peak = 0.88 Hz Peak = 0.88 Hz Peak = 0.88 Hz
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Crystal Cave Project

TTTUnivergity ot 'Migsouri-Rolla”
Rock Mechanics and Explosive Research Center

Loca

Unitlé
tion: Hanging Balcony
Non-blast Trigger

. 'Event: 010  Date: 6/19/95 Time: 13:40
B o Air Trigger: 142 dB  Seis Trigger: 0.03 in/s S/N: 16
Amplltudes and Frequencies Graph Information

Acoustic: 100 dB 0.0 H=z. Duration: 0.000 sec To: 4.500 sec

Radial: 0.04 in/s 11.9 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)

Vertical: 0.02 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)

Transverse: 0.03 in/s 0.0 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analy81s (Amplltude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 0.88 Hz Peak = 0.88 Hz Peak = 1.00 Hz Peak = 0.88 Hz
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University of Migsouri-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unitlé
Location: Hanging Balcony
Non-blast Trigger

Event: 011  Date: 6/29/95 Time: 11:57
Air Trigger: 142 dB  Seis Trigger: 0.03 in/s S/N: 16
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) Amplltudes and Frequencies Graph Information

Acoustic: 100 dB 0.0 Hz. ' Duration: 0.000 sec To: 4.500 sec

Radial: 0.01 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)

Vertical: 0.03 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)

Transverse: 0.01 in/s 0.0 Hz. } Time Lines at: 0.50 sec intervals
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Fourler Analysis (Amplltude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 15.13 Hz Peak = 0.88 Hz Peak = 0.88 Hz Peak = 0.88 Hz
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TUnivérgity 6f Missouri-Rélla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unitlé
Location: Hanging Balcony
Non-blast Trigger
Event: 012 Date: 6/29/95 Time: 11:57

Air Trigger: 142 dB  Seis Trigger: 0.03 1n/s S/N: 16 - - B

-Amplltudés and Frequencies L Graph Information
Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.02 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.03 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse 0.03 in/s 0.0 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 2.00 Hz Peak = 1.38 Hz Peak = 79.13 Hz Peak = 1.00 Hz
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Location:

Event: 013
Air Trigger: 142 dB

Date:

University of Missouri-Rolla”
Rock Mechanics and Explosive Research Center
Crystal Cave Project

Unitlé

Hanging Balcony
Non-blast Trigger
6/29/95
Seis Trigger:

Time: 12:14
0.03 in/s S/N: 16

o "Amplltuaes and Frequencies Graph Information
Acoustic: 100 dAB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.11 in/s 170.6 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.05 in/s 56.8 Hz. Seis: 0.11 in/s (0.0275 in/s/div)
Transvet¥se: 0.04 in/s 170.6 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse

Peak = 2.63 Hz Peak = 1.13 Hz
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Rock Mechanics and Explosive Research Center
Crystal Cave Project

Unitie
Location: Hanging Balcony
Non-blast Trigger
Event: 014 Date: 6/29/95 Time: 12:35
Air Trigger: 142 dB  Seis Trigger: 0.03 in/s S/N: 16

'Amplltudes and Frequenc1es

coL-x13
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Graph Information
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VFrequency,

Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
.01 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.04 in/s 73.1 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.01 in/s 0.0 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysig (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
= 3.63 Hz Peak = 0.88 Hz Peak = 0.88 Hz Peak = 1.00 Hz
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T T T T T Un i VET §ity o T Mig§ouri-RE611E
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unitle
Location: Hanging Balcony
Non-blast Trigger
Event: 015 Date: 6/29/95 Time: 13:07
Adr Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 16
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Amplitudes and Frequencies Graph Information
Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.02 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.07 in/s 64.0 Hz. Seisg: 0.07 in/s (0.0175 in/s/div)
Transverse: 0.03 in/s 0.0 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplltude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 15.63 Hz Peak = 0.88 Hz Peak = 0.88 Hz Peak = 0.88 Hz
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Acoustic:
Radial:
Vertical: 0.035% in/s

0.

Aﬁplifﬁées and Frequencies

University of "Miggouri-Rolla
Rock Mechanics and Explosives Research Center
Crystal Cave Project
Unit 492
Location: Jacob's Room
Non-blast triggers
Event: 028 Date: 7/ 1/95 Time: 18:04

Air Trigger: 142 dB _ Seis Trigger: 0.03 in/s  S/N: 492

Graph Information

0 dB 0.0 Hz. Duration: 0.000 sec To: 2.500 sec
02 in/s 36.5 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
39.3 Hz. Seis: 0.05 in/s (0.0125 in/s/div)

Frequency (Hz)

Transverse: 0.025 in/s 28.4 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 0.00 Hz Peak = 22.25 Hz Peak = 31.25 Hz Peak = 22.25 Hz
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Univergity of Migsouri-RrRolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unitleé
Location: Hanging Balcony
Non-blast Trigger

Event: 018 Date: 7/ 4/95 Time: 12:23
Air Trigger: 142 dB  Seis Trigger: 0.03 in/s S/N: 16
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Amplltudes and Frequenc1es Graph Information
Acoustic: 106 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.07 in/s 128.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.02 in/s 0.0 Hz. Seis: 0.07 in/s (0.0175 in/s/div)
Transverse: 0.06 in/s 170.6 Hz. : Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 0.88 Hz Peak = 0.88 Hz Peak = 0.88 Hz Peak = 0.88 Hz
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TTUnivergity of Missouri-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unitleé
Location: Hanging Balcony
Non-blast Trigger

Event: 019 Date: 7/ 4/95 Time: 12:53
Air Trigger: 142 dB  Seis Trigger: 0.03 in/s S/N: 16

o mAmplltudes and Frequencies Graph Information
Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.05 in/s 128.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.01 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.01 in/s 0.0 Hz. Tlme Llnes at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical , Transverse
Peak = 0.88 Hz Peak = 0.88 Hz Peak = 0.88 Hz Peak = 0.88 Hz
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TTUNnivergity of MissouritRolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unitlé6
Location: Hanging Balcony
Non-blast Trigger

Event: 020 Date; 7/_4/95 Time; 12:53
o _Air Trigger: 142 dB_ Seis Trigger: 0.03 in/s S/N: 16
Amplltudes and Frequenc1es "Graph Information
Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.03 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/diwv)
Vertical: 0.02 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse 0.01 in/s 0.0 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 3.75 Hz Peak = 41.75 Hz Peak = 0.88 Hz Peak = 2.63 Hz
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o i T Uniiversity of Migsouri-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unitlé
Location: Hanging Balcony
Non-blast Trigger
Event: 021 Date: 7/ 4/95 Time: 12:53
. _ __ Alr Trigger: 142 dB  Seis Trigger: 0.03 in/s S/N: 16
Amplltudes and Frequen01es Graph Information
Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.04 in/s 128.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.03 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.02 in/s 0.0 Hz. Time Lines at: 0.50 sec interxrvals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 0.88 Hz Peak = 1.00 Hz Peak = 1.88 Hz Peak = 1.88 Hz
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ro o TTURiIVersity of T MiSsSoUri-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unitle
Location: Hanging Balcony
Non-blast Trigger
Event: 022 Date: 7/ 4/95 Time: 14:34
L - Adr Trigger: 142 dB  Seis Trigger: 0.03 in/s S/N: 16 3
Amplltudes and Frequenc1es : Graph Information
Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.02 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.03 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.01 in/s 0.0 Hz. Time Lines at: 0.50 sec intervals
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Fourler Analy81s (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 1.00 Hz Peak = 0.88 Hz Peak = 0.88 Hz Peak = 1.38 Hz
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T T UNivergity of Missouri-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unitlé
Location: Hanging Balcony
Non-blast Trigger
Event: 023  Date: 7/ 5/95 Time: 10:38
) B _Alx Trigger: 142 dB  Seis Trigger: 0.03 in/s S/N: 16 -
Amplltudes ‘and Frequen01es Graph Information

Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec

Radial: 0.02 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)

Vertical: 0.04 in/s 73.1 Hz. Seis: 0.05 in/s (0.0125 in/s/div)

Transverse: 0.01 1n/s 0.0 Hz. Tlme Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 2.50 Hz Peak = 0.88 Hz Peak = 0.88 Hz Peak = 0.88 Hz
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TUNIVEYEIEY Tof MiggsouritRoella T
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unitleé
Location: Hanging Balcony
Non-blast Trigger

Event: 024 Date: 7/ 5/95 Time: 12:55
Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 16
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o Amplitudes and Frequencies Graph Information

Acoustic: 100 dB 0.0 Hz. ’ Duration: 0.000 sec To: 4.500 sec

Radial: 0.04 in/s 170.6 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)

Vertical: 0.03 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)

Transverse: 0.02 1n/s 0.0 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analy81s (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
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University of MiSsouri-RoOl11a
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unitlé '
Location: Hanging Balcony
Non-blast Trigger

Event: 026 Date: 7/ 7/95 Time: 10:34
Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 16

K“Ampligades and Frequencies . Graph Information
Acoustic: 100 dB 0.0 . Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.01 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.03 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.01 in/s 0.0 Hz. Time Lines at: 0.50 sec intervals
= . C3al—0.96
A W e T - Tme Y "W /\/\
E Cal 0.52
Em T VW ___ N VT UM L MU kA 17 T y V//\\\\v//
- Cal 0.52
F}_ﬁ 1II""VIHT'I'I'MWJWWMUI —”—J‘——'—Tulﬁ’il__.____LJﬂMuLl,,___l | —— T R R RV [ 411 T VT W W7 JE07 4111 _/ \/
: Cal 0.48
Ei T TV Tl ___MIY LA 10§ W O 5 1 O S 108112111 T T ™Y T ‘/\/
0008 07508 17008 17508 27008 27508 37008 ‘37508 4,008 4.50s
Fourier Analysis ({(Amplitude Spectrum)
Acoustic Radial Vertical Transverse
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University of Missouri-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unitle
Location: Hanging Balcony

Non-blast Trigger

Date: 7/ 7/95
seis Trigger:

Time; 10:34
0.03 in/s S/N: 16

Event: 027
Air Trigger: 142 dB

”Amplltudes and Frequen01es Graph Information
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Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec

Radial: 0.01 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)

Vertical: 0.03 in/s - 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)

Transverse: 0.01 in/s 0.0 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 0.88 Hz Peak = 2.00 Hz Peak = 1.63 Hz Peak = 1.00 Hz
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University of Migsouri-Rolla

Rock Mechanics and Explosive Research Center

Crystal Cave Project
Unitle
Location: Hanging Balcony
Non-blast Trigger

Event: Date: 7/ 7/95

029 Time: 17:52

... Air Trigger: 142 dB  Seis Trigger: 0.03 in/s __ S/N: 16

Aﬁbiitudés and Frequencies Graph Information

Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.02 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.02 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.03 in/s 0.0 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 1.00 Hz Peak = 0.88 Hz Peak = 1.00 Hz Peak = 0.88 Hz
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Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unitle
Location: Hanging Balcony
Non-blast Trigger

Event: 030 Date: 7/ 8/95 Time: 8:42
Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 16

S Aablitudes and Frequencies Graph Information
Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.02 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.02 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse 0.03 in/s 0.0 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplltude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 0.00 Hz Peak = 1.13 Hz Peak = 1.13 Hz Peak = 1.13 Hz
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TTUNivEeErsity of Migsouri-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unitle
Location: Hanging Balcony
Non-blast Trigger

Event: 031 Date: 7/ 8/95 Time: 9:15
Air Trigger: 142 dB  Seis Trigger: 0.03 in/s S/N: 16

Amplltudes and Frequen01es » Graph Information

Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec

Radial: 0.02 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)

Vertical: 0.02 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)

Transverse: 0.03 in/s 0.0 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 0.00 Hz Peak = 0.88 Hz Peak = 0.88 H=z Peak = 0.88 Hz
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T T T T T T T UAAVEY S Y O T Migsouri-Rella
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unitlé
Location: Hanging Balcony
Non-blast Trigger
Event: 032 Date: 7/ 8/95 Time: 9:20
) _ _Air Trigger: 142 dB  Seis Trigger: 0.03 in/s S/N: 16
Amplltudes and Frequencies Graph Information
Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.02 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.02 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse 0.03 in/s 0.0 Hz. Time Lines at: 0.50 sec intervals
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Fourler Ana1y51s (Amplltude Spectrum)
Acoustic Radial Vertical Transverse
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T UniveErsity of Missouri-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unitle
Location: Hanging Balcony
Non-blast Trigger

Event: 033 Date: 7/ 8/95 Time: 9:21
e Air Trigger: 142 dB  Seis Trigger: 0.03 in/s S/N: 16

2= Graph Information

Amplltudes and Frequencies

Acoustic: 100 dB 0.0 Hz. : Duration: 0.000 sec To: 4.500 sec
Radial: 0.02 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.01 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.03 in/s 0.0 Hz. Time Lines at: 0.50 sec intervals
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Tynivergity of MigsourictRolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unitle
Location: Hanging Balcony

, Non-blast Trigger
Event:

035 Date: 7/12/95 Time: 9:45

o ) Air Trigger: 142 dB  Seis Trigger: 0.03 in/s S/N: 16

Amplltudes and Frequen01es Graph Information
Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.02 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.03 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.01 in/s 0.0 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 1.13 Hz Peak = 0.88 Hz Peak = 1.13 Hz Peak = 0.88 Hz
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Acoustic:

Air Trigger:

TTTUniversity of Missouri-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unitle
Location: Hanging Balcony
Non-blast Trigger

Date: 7/13/95
_Seis Trigger:

036
142 dB

Event: Time: 11:43

0.03 in/s S/N: 16

”Ambiitudes and Frequenc1es
0.0 Hz.

100 dB

Graph Information

Duration: 0.000 sec To: 4.500 sec
Radial: 0.01 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.03 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.01 in/s 0.0 Hz. Time Lineg at: 0.50 sec intervals
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‘Univerdity of Missouri-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unitile
Location: Hanging Balcony
Non-blast Trigger

L21-x13

Event: 038 Date: 7/14/95 Time: 9:55
e Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 16
Amplitudes and Frequencies Graph Information
Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.01 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.03 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.01 in/s 0.0 Hz. Time Lines at: 0.50 sec interwvals
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_ Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
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Acoustic:
Radial:
Vertical:

Amplltudes and
100 dB

0.04 in/s
.02 in/s

170.6
0.0

Air Trigger:

0.0 Hz.

TTUniversity of ‘Missouri-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unitlé6
Location: Hanging Balcony
Non-blast Trigger

Event: 039 Date: 7/14/95 Time: 13:49
142 dB  Seis Trigger: 0.03 in/s S/N: 16
Frequencies Graph Information
Duration: 0.000 sec To: 4.500 sec .
Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Hz. Seis: 0.05 in/s (0.0125 in/s/div)
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Fourier Analys1s (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 15.00 Hz Peak = 0.88 Hz Peak = 1.00 Hz Peak = 0.88 Hz
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Univergity of Migscuri-Roella
Rock Mechanics and Explosives Research Center
Crystal Cave Project

Unit 21
Location: Entrance
Non-blast Trigger
Event: 034 Date: 7/14/95 Time: 16:20
L _ Alr Trigger: 142 dB  Seis Trigger: 0.03 in/s S/N: 21
_ Amplltudes and Frequenc1es Graph Information
Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.02 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.02 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.03 in/s 0.0 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 0.00 Hz Peak = 2.00 Hz Peak = 1.88 Hz Peak = 1.00 Hz
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r o o TTTTUnivVeErsity of Misgouri-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unitlé
Location: Hanging Balcony
Non-blast Trigger
_ Event: 042 Date: 7/17/95 Time: 11:30
. . Alr Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 16
Amplitudes and Frequencies Graph Information
Acoustic: 117 dB 2.3 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.04 in/s '170.6 Hz. ) Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.01 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.01 in/s 0.0 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analy81s (Amplitude Spectrum)
Acoustic Radial : Vertical Transverse
Peak = 1.00 Hz Peak = 1.00 Hz Peak = 1.25 Hz Peak = 2.00 Hz
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University of MissSouri~Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unitlé
Location: Hanging Balcony
Non-blast Trigger

Event: 046 Date: 7/21/95 Time: 12:58
Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 16
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Amplitudes and Frequencies Graph Information

Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec

Radial: 0.04 in/s 170.6 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)

Vertical: 0.07 in/s 56.8 Hz. Seis: 0.07 in/s (0.0175 in/s/div)

Transverse: 0.03 in/s 0.0 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 1.25 Hz Peak = 0.88 Hz Peak = 1.13 Hz Peak = 0.88 Hz
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T UNiversity of Missouri-Rolla T

Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unitise
Location: Hanging Balcony
Non-blast Trigger
Event: 047 Date: 7/21/95 Time: 14:49

Air Trigger: 142 dB  Seis Trigger: 0.03 in/s S/N: 16

”Amplltudes and Frequenc1es Graph Information
Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.02 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.03 in/s 0.0 H=z. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse 0.02 in/s 0.0 Hz. - Tlme Llnes at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse

Peak = 2.88 Hz Peak = 0.88 Hz Peak = 1.50 Hz Peak = 0.88 Hz
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T Uriiversity of Missour¥ri-Rolla
Rock Mechanics and Explosives Research Center
Crystal Cave Project
Unit 21
Location: Entrance
Non-blast Trigger
Event: 039 Date: 7/24/95 Time: 8:02

Air Trigger: 142 dB  Seis Trigger: 0.03 in/s S/N: 21
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- “Aﬁﬁiitudes and Frequencies Graph Information

Acoustic: 0 dB 0.0 Hz. Duration: 0.000 gec To: 4.500 sec

Radial: 0.02 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)

Vertical: 0.02 in/s 0.0 Hz. : Seis: 0.05 in/s (0.0125 in/s/div)

Transverse: 0.03 in/s 0.0 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 0.00 Hz Peak = 1.63 Hz Peak = 2.00 Hz Peak = 0.88 Hz
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TUNiVEYgity of Misgou¥iRol14d
Rock Mechanlcs and Explogsive Research Center
Crystal Cave Project
Unitle
Location: Hanging Balcony
Non-blast Trigger

Event: 049 Date: 7/26/95 Time: 12:32
Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 16

Amblitudes and Frequencies Graph Information
Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.02 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.07 in/s 73.1 Hz. Seis: 0.07 in/s (0.0175 in/s/div)
Transverse: 0.02 in/s 0.0 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse

Peak = 0.88 Hz Peak = 0.88 Hz Peak = 0.88 Hz Peak = 0.88 Hz
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Universgity of Misscouri-R6115"
Rock Mechanics and Explogsive Research Center
Crystal Cave Project
Unitileé
Location: Hanging Balcony
Non-blast Trigger

Event: 052  Date: 7/29/95 Time: 13:44
Air Trigger: 142 dB  Seis Trigger: 0.03 in/s S/N: 16
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Amplitudes and Frequen01es Graph Information

Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec

Radial: 0.01 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)

Vertical: 0.03 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)

Transverse: 0.01 in/s 0.0 Hz. : Time Lines at: 0.50 sec intervals
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Fourler Ana1y51s (Amplltude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 2.50 Hz Peak = 1.00 Hz Peak = 1.13 Hz Peak = 0.88 Hz
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Univeérsity of Missouri-Rolla
Rock Mechanics and Explosives Regearch Center
Crystal Cave Project

Unit 21
Location: Entrance
Non-blast Trigger
_Event: 044 bate: 7/31/95 Time: 8:02
L - Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 21 .
Amplitudes and Frequencies Graph Information
Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.02 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.02 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.03 in/s 0.0 Hz. Time L.ines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 0.00 Hz Peak = 0.88 Hz Peak = 2.38 Hz Peak = 2.00 Hz
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Amplltudes a

Alr Trlgger

TUniversity of Migsouri-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unitleé
Location: Hanging Balcony
Non-blast Trigger
053 Date: 8/ 1/95
142 dB  Seis Trigger:
nd Frequenc1es

Time: 11:33
0.03 in/s S/N: 16
Graph Information

Event:

m‘ W, } ‘*Wﬂ 4 Wl

vFrequency (Hz)

Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec

Radial: 0.08 in/s 170.6 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)

Vertical: 0.07 in/s ©56.8 Hz. Seis: 0.08 in/s (0.02 in/s/div)

Transverse 0.06 in/s 170.6 Hz. Tlme Llnes at: 0.50 sec intervals
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Fourler Analy81s (Amplltude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 1.88 Hz Peak = 0.88 Hz Peak = 0.88 Hz Peak = 0.88 Hz
1 1 - 1 —

Ui

100

|
0 J'{\’ﬂx‘pﬁlﬁ"\j@*‘.%\lﬂ%' oy M it WAM ‘*J f‘ M MH‘M

Frequency (Hz)

Frequency <Hz .mEr?queeqym(Hz)mw"wme



Z¢el-X13

T TTUnAvVergity of Misgouri-tReT1a
Rock Mechanice and Explosive Research Center
Crystal Cave Project
Unitle
Location: Hanging Balcony
Non-blast Trigger
Event: 054 Date: 8/ 1/95 . Time: 11:33
Air Trigger: 142 dB  Seis Trigger: 0.03 in/s S/N: 16
Amplltudes and Frequen01es Graph Information
Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.03 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.05 in/s 85.3 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse 0.04 in/s 170.6 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial ‘ Vertical Transverse
Peak = 2.25 Hz Peak = 1.50 Hz Peak = 77.63 Hz Peak = 1.13 Hz
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Air Trigger:

University of Migsouri-Rolla™
Rock Mechanics and Explosive Research Center

Crystal Cave Project
Unitle

uAmpli&udes and Frequencies

Location: Hanging Balcony
Non-blast Trigger
Event: 055 Date: 8/ 1/95 Time: 11:33
: 142 dB  Seis Trigger: 0.03 in/s

S/N:

16

Graph Information

Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.03 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.05 in/s 73.1 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.02 in/s 0.0 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 1.00 Hz Peak = 1.00 Hz Peak = 1.00 Hz Peak = 1.63 Hz
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University of Migsouri-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave. Project
Unitlé6
Location: Hanging Balcony
Non-blast Trigger

yeL-x13

Event: 057 Date: 8/ 3/95 Time: 10:24
Air Trigger: 142 dB Seis Trigger: 0.03 1n/s . S/N: 16
Amplltudes and Frequenc1es . Graph Information

Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec

Radial: 0.01 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)

Vertical: 0.03 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)

Transverse: 0.01 in/s 0.0 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
. Peak = 2.63 Hz Peak = 0.88 Hz Peak = 1.00 Hz Peak = 1.00 Hz
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TTTUniversgity of TMisgouri-Rollar B
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unitlé
Location: Hanging Balcony
Non-blast Trigger

Event: 057 Date: 8/ 3/95 Time; 10:24
Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 16

o NAmplltudes and Frequenc1es . Graph Information
Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.01 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.03 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.01 in/s 0.0 Hz. , Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial - Vertical Transverse
Peak = 2.63 Hz Peak = 0.88 Hz Peak = 1.00 Hz Peak = 1.00 Hz
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TTTTUniversity of Missouri-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unitl6
Location: Hanging Balcony
Non-blast Trigger

Event: 058 Date; 8/ 5/95. Time: 12:49
Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 16

o muéﬁﬁiitudes and Frequencies Graph Information

Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec

Radial: 0.02 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)

Vertical: 0.03 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)

Transverse: 0.02 in/s 0.0 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 1.00 Hz Peak = 0.88 Hz Peak = 1.13 Hz Peak = 0.88 Hz
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T ) - B TTTTUNRivVeEr§ity of 'MigsouritRolla
Rock Mechanics and Explosive Resgearch Center
Crystal Cave Project
Unitlé
Location: Hanging Balcony
Non-blast Trigger
Event: 059 Date: 8/_5/95 Time: 12:49
... Air Trigger: 142 dB _ Seis Trigger: 0.03 in/s S/N: 16
Amplitudes and Frequencies Graph Information
Acoustic: 100 dB 256.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.01 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.05 in/s 73.1 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.01 in/s 0.0 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 0.88 Hz Peak = 0.88 Hz Peak = 80.13 Hz Peak = 1.38 Hz
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T e Univergity of Mlssourl Rolla -
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unitlé
Location: Hanging Balcony
Non-blast Trigger
Event: 060 Date: 8/ 5/95 Time: 12:49
o Air Trigger: 142 dB  Seis Trigger: 0.03 1n/s S/N: 16
.Amplltudes and Frequenc1es Graph Information
Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.01 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.04 in/s 85.3 Hz. Seig: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.01 in/s 0.0 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analy81s (Amplltude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 0.88 Hz Peak = 0.88 Hz Peak = 0.88 Hz Peak = 0.88 Hz
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T University of MiSgsouri-Ro11a
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unitleé
Location: Hanging Balcony

Non-blast Trigger

Event: 061 Date: 8/ 6/95 Time: 14:40
L Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 16
Amplltudes and Frequenc1es Graph Information
Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.01 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.03 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.01 in/s 0.0 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 1.13 Hz Peak = 0.88 Hz Peak = 0.88 Hz Peak = 0.88 Hz
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University of Missour¥i-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unitlé
Location: Hanging Balcony
Non-blast Trigger

Event: 062  Date: 8/12/95 Time: 14:22
o L Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 16
Amplltudes and Frequencies Graph Information

Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec

Radial: 0.06 .in/s 73.1 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)

Vertical: 0.03 in/s 0.0 Hz. Seis: 0.06 in/s (0.015 in/s/div)

Transverse: 0.03 in/s 0.0 Hz. Tlme Llnes at: 0.50 sec intervals
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Fourier Analy51s (Amplltude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 1.50 Hz Peak = 0.88 Hz Peak = 0.88 Hz Peak = 0.88 Hz
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TUnivergity of Missoliri-Rolla i}
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unitle
Location: Hanging Balcony
Non-blast Trigger

_Event: 063 Date: 8/12/95 Time: 14:45
Air Trigger: 142 dB__Seis Trigger: 0.03 in/s  S/N:

_Ahbiifaaés and Frequencies Graph Information

Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.27 in/s 22.2 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.52 in/s 46.5 Hz. Seis: 0.52 in/s (0.13 in/s/div)

Transverse: 0.28 in/s 23.2 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 1.75 Hz Peak = 0.88 Hz Peak = 0.88 Hz Peak = 1.13 Hz
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TUniversity of Migsouri-Ro11a
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unitle
Location: Hanging Balcony
Non-blast Trigger

Event: 064 Date: 8/12/95
Air Trigger: 142 dB  Seis Trigger:

Time; 14 :45
0.03 in/s _8/N: 16

Amplltudes and Frequen01es Graph Information

Acoustic: 116 dB 6.8 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.50 in/s 10.4 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.08 in/s 12.1 Hz. Seis: 0.82 in/s (0.205 in/s/div)
Transverse: 0.82 in/s 7.0 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis ({(Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 1.38 Hz Peak = 7.25 Hz Peak = 7.00 Hz Peak = 4.00 Hz
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University of Missouri-Rolla
Rock Mechanics and Explosives Research Center
Crystal Cave Project
Unit 18
Location: Jacob's Room
Non-blast Trigger

Event: 224 Date: 8/15/95 Time: 13:46
. , Air Trigger: 142 dB _ Seis Trigger: 0.03 in/s S/N: 18 e .
Amplltudes “and Frequenc1es Graph Information
Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 12.500 sec
Radial: 0.02 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.04 in/s 46.5 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.02 in/s 0.0 Hz. Tlme Llnes at: 1.00 sec intervals
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Fourler Ana1y51s (Amplltude Spectrum)
Acoustic Radial Vertical Transverse
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University of Migsouri-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unitle
Location: Hanging Balcony
Non-blast Trigger

Event: 065 Date: 8/18/95 Time: 11:11
Air Trigger: 142 dB  Seis Trigger: 0.03 in/s S/N: 16

”Amplltudes and Frequenc1es Graph Information
Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.02 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.03 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div)
Transverse O 01 in/s 0.0 Hz. Tlme Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic ' Radial Vertical Transverse
Peak = 0.88 Hz Peak = 0.88 Hz Peak = 0.88 Hz Peak = 0.88 Hz
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TTUniversity of Missouri-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unitleé
Location: Hanging Balcony
Non-blast Trigger

Event: 066 Date: 8/19/95
Air Trigger: 142 dB  Seis Trigger:

Time: 12:32
0.03 in/s

S/N:

“Amplltudes and Frequen01es

Graph Information

16
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Frequency (Hz) KH?).”

FreqqencyA Frequency

Acoustic: 117 dB 1.4 Hz. Duration: 0.000 sec To: 4.500 sec

Radial: 0.07 in/s 46.5 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)

Vertical: 0.07 in/s 73.1 Hz. Seis: 0.07 in/s (0.0175 in/s/div)

Transverse: 0.07 in/s 34.1 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 1.00 Hz Peak = 1.38 Hz Peak = 0.88 Hz Peak = 1.25 Hz
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University of Missour¥i-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unitle
Location: Hanging Balcony
Non-blast Trigger

Event: 067 Date: 8/19/95 Time: 12:32
' _Air Trigger: 142 dB  Seis Trigger: 0.03 1n/e S/N: 16
Amplltudes and Frequenc1es Graph Information
Acoustic: 112 dB 5.8 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.21 in/s 10.4 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.13 in/s 42.6 Hz. Seis: 0.21 in/s (0.0525 in/s/div)
Transverse: 0.10 in/s 30.1 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical. Transverse
Peak = 1.25 Hz Peak = 4.50 Hz Peak = 1.00 Hz Peak = 2.13 Hz
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University of Missouri-RolIla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unitle

Location: Hanging Balcony
Non-blast Trigger
Event: 068 Date: 8/19/95 Time: 14:19
Air Trigger: 142 dB  Seis Trigger: 0.03 in/s S/N: 16
Amplltudes and Frequenc1es Graph Information
Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.01 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.03 in/s 0.0 Hz. Seig: 0.05 in/s (0.0125 in/s/div)
Transverse: 0.01 in/s 0.0 Hz. Time Lines at: 0.50 sec intervals
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Fourier Ana1y81s (Amplltude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 1.13 Hz Peak = 0.88 Hz Peak = 0.88 Hz Peak = 0.88 Hz
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‘University of Missouri-Rolla™
Rock Mechanics and Explosive Research Center
Crystal Cave Progect
Unitlé
Location: Hanging Balcony
Non-blast Trigger

Event: 069 Date: 8/20/95 Time: 15:07
Air Trigger: 142 dB  Seis Trigger: 0.03 in/s S/N: 16

_mAmplltudes and Frequencies Graph Information

Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec

Radial: 0.10 in/s 14.2 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)

Vertical: 0.06 in/s 4.2 Hz. Seis: 0.10 in/s (0.025 in/s/div)

Transverse: 0. 05 1n/s 23.2 Hz. Time Llnes at: 0.50 sec intervals
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- - TUNiversgity of Missouri-Rolla
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unitlé6
Location: Hanging Balcony
Non-blast Trigger
Event: 070 Date: 8/24/95 Time: 11:30
- Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 16
Amplitudes and Frequencies Graph Information

Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec

Radial: 0.26 in/s 12.4 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)

Vertical: 0.22 in/s 22.2 Hz. Seis: 0.47 in/s (0.1175 in/s/div)

Transverse: 0.47 in/s 13.8 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
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TUNiversity of Missouri-Rollar
Rock Mechanics and Explosive Resgsearch Center
Crystal Cave Project
Unitlsé
Location: Hanging Balcony
Non-blast Trigger

Event: 071 Date: 8/26/95 Time: 12:05
Air Trigger: 142 dB  Seis Trigger: 0.03 in/s S/N: 16

Amplltudes and Frequencles Graph Information
Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.18 in/s 1.3 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.15 in/s 1.3 Hz. Seis: 0.27 in/s (0.0675 in/s/div)
Transverse: 0.27 in/s 1.2 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum) ‘
Acoustic Radial Vertical Transverse
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. T Ulliversity of Missouri-RolTa
Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unitlé
Location: Hanging Balcony
Non-blast Trigger
Event: 072 Date: 8/26/95 Time: 12:05
B - Air Trigger: 142 dB  Seis Trigger: 0.03 in/s S/N: 16 ) _
Amplltudes and Frequenc1es Graph Information
Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.09 in/s 1.5 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.08 in/s 1.4 Hz. Seis: 0.14 in/s (0.035 in/s/div)
Transverse O 14 1n/s 1.4 Hz. Tlme Lines at: 0.50 sec intervals
o T e T e Calr—o0-.98
ﬁ —~ ' Ccal 0.51
» A VUL AL LAY YY T A Fues ﬂ—,——*—“——“.‘—
23__ﬂ_ ............. LHHx“«h“_mmew___wJ~w~*‘*““'“‘“w“ \ H/;ff —////A\\\\\\///,
- ) Cal 0.52
e T . e S, —
v e \Hrf,f”JJ —///\\\\\\//,
E frnHwH Cal 0.49
o [ /, - N
": L\\A""\_ e B g o M '—J”_ \
07008 ~U'0.5087T7 10087 1 SOS ’ 2 OOS 2 508 ’ 3 OOS o 3 SOS TTT4T008 TTT4.50s
Fourier Analy51s (Amplltude Spectrum)
Acoustic Radial Vertical Transverse
Peak = 1.25 Hz Peak = 0.88 Hz Peak = 0.88 Hz Peak = 0.88 Hz
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Rock Mechanics and Explosive Research Center
Crystal Cave Project
Unitlé
. Location: Hanging Balcony
: Non-blast Trigger
Event: 073  Date: 8/26/95 Time: 12:05
o o Alr Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 16
Amplitudes and Frequencies Graph Information
Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec
Radial: 0.17 in/s 1.5 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.14 in/s 1.5 Hz. Seis: 0.26 in/s (0.065 in/s/div)
Transverse: 0.26 in/s 1.4 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analy81s (Amplltude Spectrum)
Acoustic Radial Vertical Transverse
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UNiversity of Migsou¥i-Rolla
Rock Mechanics and Explosives Research Center
Crystal Cave Project
Unit 20 i
Location: Lloyd's Room
Non-blast Trigger

Event: 025 Date: 8/26/95 Time: 12:26
Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 20

Amplitudes and Frequencies Graph Information
Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec¢ To: 4.500 sec
Radial: 0.07 in/s 2.7 Hz. Acoustic: 0.20 Mb (0.05 Mb/div)
Vertical: 0.10 in/s 2.7 Hz. Seis: 0.10 in/s (0.025 in/s/div)
Transverse: 0.08 in/s 2.7 Hz. Time Lines at: 0.50 sec intervals
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Fourier Analysis (Amplitude Spectrum)
Acoustic Radial Vertical Transverse
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APPENDIXF

LOG-LOG PLOTS



Peak Particle Velocity (PPV)
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Peak Particle Velocity (PPV)
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Peak Particle Velocity (PPV)
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Peak Particle Velocity (PPV)
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Peak Particle Velocity (PPV)
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Peak Particle Velocity (PPV)
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Peak Particle Velocity (PPV)
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Peak Particle Velocity (PPV)
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Peak Particle Velocity (PPV)
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Peak Particle Velocity (PPV)
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