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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 process is initiated creating zones with characteristic properties. Initially, 
the explosive is converted into gases whose temperatures are in excess of 3000° C 
(5432° F) 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 bob ber 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 time~he 
wave is repeated in one second. This number is called the frequency of the wave. 
Originally the units were in cycles/second or .QQ§_,_ 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/sec2) is a third option. Regardless of the choice, 
the value is defined as amplitude. 

A-2 



I' 

=:'.XPLCSICN 
C:::NTE.'1 

-----
-

CONTINUOUS 

SOLIO 

RAO I AL 

CRACi\S 

REVERSIBLE 
STRAINS, 

Et.).~ TIC MEO I UM 

Figure A-1. Zones created, by an explosion. 
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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 p~r 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 parameters in 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 vi~iLlc: uu Lhe horizontal axis. For example, 
27.0115 is the frequency in Hz which has a squared amplitude of approximately 
l.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 lbs/delay lb/hole Total lbs 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 14:32 327+00 2880 13 15 9 8 8 104 1018.234 ANFO Jon Drake 
5/15/95 16:19 327+00 2880 8 14 5 8.5 8.5 68 987.832 ANFO Jon Drake 
5/15/95 16:31 338+25 1864 12 22 6 16 16 192 466.000 pre-split Jon Drake 
5/16/95 12:16 327+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 12:05 332+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 
5/18/95 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 
5122195 14:30 331+00 2475 36 10 6 14 7 504 661.472 ANFO Jon Drake 
5122195 14:30 337+50 1900 20 13 9 10 10 200 600.833 ANFO Jon Drake 
5122195 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 25.5 204 488.771 pre-split Jon Drake 
5/23/95 17:25 337+50 1900 55 13-15 13-15 16.67 50 916.85 465.357 ANFO Jon Drake 
5125195 15:50 333+75 1740 31 14 8 70 14 434 207.970 ANFO Jon Drake 
5/25/95 16:35 343+50 1535 22 24 22 22.5 7.5 165 323.606 pre-split Jon Drake 
5130195 11:45 335+00 2090 22 14 9 10 3.33 73.26 660.916 ANFO Jon Drake 
5130195 16:48 344+10 1220 21 22 20 18.857 6.286 132 280.945 pre-split Jon Drake 
5130195 17:22 341+75 1535 46 11 7 27 g- 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 

612195 17:18 341+50 1000 46 13 8 12 12 552 288.675 ANFO Jon Drake 
612195 17:18 341+50 1000 16 14 10 13 2.6 41.6 277.350 pre-split Jon Drake 
612195 17:32 345+90 640 36 22 20 30 6 216 116.847 pre-split Jon Drake 
615195 13:36 342+00 940 14 24 20 16.98 5.66 79.24 228.118 pre-split Jon Drake 
615195 13:39 346+20 560 12 12 7 4.5 1.5 18 263.987 pre-split Jon Drake 
615195 16:00 342+25 900 32 14 11 12 12 384 259.808 ANFO Jon Drake 
616195 17:34 343+00 833 46 16 10 12 12 552 240.466 ANFO Jon Drake 
6nt95 17:50 342+65 890 14 24 18 10.5 3.5 49 274.660 pre-split Jon Drake 
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Cystal Cave Blast Log 

Date Time Location Distance #of holes Hole Depth Rock Depth lbs/delay lb/hole Total lbs 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 16:30 357+25 710 8 16 16 3.75 3.75 30 366.642 pre-split Jon Drake 
6/14/95 16:30 357+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 30.5 222.197 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 18:42 351+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 15.75 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 15.75 5.25 147 236.858 pre-split Jon Drake 

6/23/95 17:30 337+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 Trench rite 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 4.25 170 780.000 ANFO Jon Drake 
6/27/95 15:20 324+00 3270 15 9 9 8 8 120 1156.120 Nitropell 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 21 5.25 115.5 276.046 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 5.25 199.5 174.574 pre-split Jon Drake 
6/30/95 12:45 335+00 1260 36 16 16 66 22 792 155.095 ANFO Jon Drake 
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Cystal Cave Blast Log 

Date Time Location Distance #of holes Hole Depth Rock Depth lbs/delay lb/hole Total lbs Scale Distance Powder Type Blaster 
7/1/95 12:33 356+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 
715195 17:25 345+00 1305 86 16 13 88 22 1892 139.113 ANFO Jon Drake 
715195 18:10 340+40 1580 81 9 6 28 7 567 298.592 ANFO Jon Drake 
716195 18:10 343+75 1375 52 12 4 27 9 468 264.619 ANFO Jon Drake 
716195 18:22 348+00 1010 97 12 9 48 12 1164 145.781 ANFO Jon Drake 
717195 17:50 348+10 1000 58 14 11 80 16 928 111.803 ANFO Jon Drake 
717195 18:07 V\fW 185+00 2365 16 8 4 18 6 96 557.436 ANFO Jon Drake 
718195 14:50 7+00 2950 44 9 4 5 5 220 1319.280 ANFO Jon Drake 
718195 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 17:40 346+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 
7125195 16:25 353+50 850 63 14 11 36 18 1134 141.667 ANFO Jon Drake 
7126195 16:20 356+50 745 83 11 11 48 12 996 107.531 ANFO Jon Drake 
7128195 10:10 356+00 750 106 11 11 48 12 1272 108.253 ANFO Jon Drake 
7128195 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 I lbs/delay Scale Distance Type of Blast Trigger Level Transverse Vertical I Radial Acousitic Vector Sum 
(ft) (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 0.015IN/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 4 338+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 I 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 
6/2/95 17:29 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 0.031 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 121 402.702IANFO 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 IANFO 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 I 10 343+00 1415 12 408.475 ANFO 0.03 0.02 0.055 0.02 N/A 0.055 
617/95 17:54 17 INS 14 342+65 1440 20 321.994 ANFO 0.03 0.06 0.05 0.03 N/A 0.06 
617/95 17:54 18 Exterior 80 342+65 870 20 194.538 ANFO 0.03 0.03 0.03 0.02 N/A 0.03 
617/95 17:54 21 Entrance 7 342+65 1620 20 362.243 ANFO 0.03 0.04 0.02 0.02 N/A 0.04 
617/95 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 
617/95 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 I 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 I 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 0.051 0.03 N/A 0.06 
6/12/95 17:24 492 Jacob's Room 13 344+00 1350 200 95.459IANFO 0.03 0.035 0.055 0.045 N/A 0.055 
6/14/95 16:30 16 Hanqinq Balcony 6 357+50 I 935 25 187.000IANFO 0.03 0.01 0.03 0.01 N/A I 0.03 
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Crystal Cave Seismograph Log 

Date Time Unit# Location Event# Blast Location Distance I lbs/delay I 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) 

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 22 343+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 I 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 I 0.03 0.06 0.031 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 14001 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 I 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 I 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 10301 211 224.764 pre-split 0.03 0.04 0.05 0.02 N/A 0.05 
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Crystal Cave Seismograph Log 

Date Time Unit# Location Event# Blast Location I Distance lbs/delay I Scale Distance Type of Blast Trigger Level Transverse Vertical Radial Acousitic Vector Sum 
(ft) (ft) I (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 I 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 24 344+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 17 356+10 965 15.75 243.157 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 7551 15.75 190.242 pre-split 0.03 0.02 0.03 0.02 N/A 0.03 
7/1/95 12:35 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 
715195 17:25 19 INS 10 345+00 1265 88 134.849 ANFO 0.03 0.02 0.03 0.03 N/A 0.03 
715195 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 88 149.241 ANFO 0.03 0.04 0.05 0.04 N/A 0.06 
716195 18:22 19 INS 11 348+00 1110 48 160.215 ANFO 0.03 0.03 0.03 0.04 N/A 0.05 
716195 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 
717195 17:50 16 Hanging Balcony 28 348+10 1150 80 128.574 ANFO 0.03 0.04 0.031 0.04 N/A 0.06 
717195 17:50 19 INS I 12 348+10 1105 80 123.543 ANFO 0.03 0.02 0.03 0.02 N/A 0.03 
717195 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 
717195 17:50 21 Entrance 27 348+10 1210 sol 135.282 ANFO 0.03 0.03 0.04 0.04 N/A 0.06 
718195 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 Lloyd'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 0.031 .. 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 Room 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 I 1075 147 88.665 ANFO 0.03 0.031 0.07 0.04 N/A 0.07 
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Crystal Cave Seismograph Log 

Date Time Unit# Location Event# Blast Location Distance lbs/delay I Scale Distance jType of Blast Trigger Level Transverse Vertical Radial Acousitic Vector Sum 
(ft) (ft) (in/s) (in/s) (in/s) · (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 17 349+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 44 352+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 I 216 352+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 36 141.667jANFO 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 I 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 0.031 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 21 356+00 760 48 109.697 ANFO 0.03 0.05 0.04 0.04 N/A 0.06 

7/28/95 10:10 21 Entrance 42 356+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 22 353+50 850 110 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 110 100.114jANFO 0.031 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 I 0.03 0.04 0.051 0.04 N/A 0.05 
7/31/95 16:48 20 Lloyd's Room 23 356+00 760 92.51 79.021 ANFO I 0.03 0.041 0.05 0.03 N/A 0.06 
7/31/95 16:48 21 Entrance 45 356+00 1000 92.51 103.975 ANFO I 0.03 0.05 0.06 0.03 N/A 0.07 
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Crystal Cave Seismograph Log 

Date Time Unit# Location I Event# Blast Location Distance lbs/delay I 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 0.031 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 IANFO 0.03 0.04 0.05 0.02 N/A 0.05 

8/1/95 14:19 21 Entrance 46 355+70 990 92.5 102.935IANFO I 0.03 0.05 0.06 0.03 N/A 0.07 
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Non-Blast Seismographs 

Date Time Unit# Location !Event# Trig Lev Tangent I 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 Self-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 0.495 N/A 0.000 Self-Calibration 
5/29/95 5:21 492 Jacob's Room 6 0.03 0.495 0.495 0.495 N/A 0.000 Self-Calibration 

6/1/95 16:25 16 Hanging Balcony 21 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 
617/95 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 I 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 0.031 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) 
714195 12:23 16 Hanging Balcony 18 0.03 0.06 0.02 0.07 N/A 0.090 Tour in Cave 
714195 12:53 16 Hanging Balcony 19 0.03 0.01 0.01 0.05 N/A 0.050 Tour in Cave 
714195 12:53 16 Hanging Balcony 20 0.03 0.01 0.02 0.03 N/A 0.030 Tour in Cave 
714195 12:53 16 Hanging Balcony 21 0.03 0.02 0.031 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 
715195 6:08 492 Jacob's Room 29 0.03 0.5 0.5 0.495 N/A 0.000 Self-Calibration 
715195 10:38 16 Hanging Balcony 23 0.03 0.01 0.04 0.02 NIA 0.040 Tour in Cave 
715195 12:55 16 HanQinQ 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 I 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 
717/95 10:34 16 Hanging Balcony 27 0.03 0.01 0.03 0.01 N/A 0.030 Tour in Cave 
717195 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 0.040 Tour 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 0.031 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 I 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 0.051 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 I 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 651 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 0.071 0.07 N/A 0.090 Tour in Cave 
8/19/95 12:32 16 Hanging Balcony 67 0.03 0.1 0.131 0.21 N/A 0.210ITour 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 701 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 0.151 0.18 N/A 0.350 Downloading 

D-3 



Non-Blast Seismographs 

Date Time Unit# Location Event# Trig Lev Tangent Vertical Radial Air Blast Vector Sum Cause 
8126195 12:05 16 Hanging Balcony 72 0.03 0.14 0.08 0.09 NIA 0.180 Downloading 
8126195 12:05 16 Hanging Balcony 73 0.03 0.26 0.14 0.17 NIA 0.340 Downloading 
8126195 12:26 20 Lloyd's Room 25 0.03 0.08 0.1 0.07 NIA 0.100 Downloading 
9112195 15:49 17 INS 15:49 0.03 0.02 0.061 0.06 NIA I 0.070 Downloadinq 

D-4 
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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 Trig_ger: _ _1_~~--~_!3 ____ ---~~j._~ __ T~_i_g_g~-~ ~-- _Q _'. __ Q} ____ ~_~/s _____ S/~:----~-~-- _________________________________ _ 

t------

Amplitudes and Frequencies Graph Information 
Acoustic: o 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. Time Lines at: 0.50 sec intervals 
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Mechanics and Explosives Research Center 
Crystal Cave Project 

Unit 21 
Location: Entrance 

Event: 004 Date: 5/30/95 Time: 16:44 
. ______ A_i_r_Trig_ger: 142_dB __ ·---~~i~..c._1'~i:_gg~-~--= ___ _Q _ _: _ _9_:3 __ ~_Jj_('8-______ 9.Jp~ __ 2_1_ 

Amplitudes and Frequencies 
Acoustic: 0 dB 0.0 Hz. 
Radial: 0.02 in/s 0.0 Hz. 
Vertical: 0.04 in/s 34.1 Hz. 
Transverse: 0.02 in/s 0.0 Hz. 

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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Rock Mechanics and Explosives Research Center 
Crystal Cave Project 

Unit 21 
Location: Entrance 

Event: 005 Date: 6/ 2/95 Time: 17:29 
,_____________ Air Trig_g~~___:__!42 _ _9B ______ Sei_'.?. __ Trigg~~_:____9 _ _:__Q] ___ ~I]-/_~-------~/N:: __ :2.l _____ _ 

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 30.1 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 

O.OOs 

1 

- -· ··- ·-·----- ·--------- --- ----------- ---------------··--- -- - -- -- -- .. ··--·----··-- ·----- -· ·--- --- -- -·--···- ·-·--··-------- Cal -5. 98 -- -----
__ /_,-~ 

Cal 0.52 

,~"\"~·~' ~'~' ~111Tn~1J1f1111v11nr--··----- --- ---------------------------- - ---·-···-- ------------- ------,
1
------ --- ---------- - --- --~ 

Cal 0.54 

-'o-:5os I 
l.OOs 

Acoustic 
Peak = 1. 75 Hz 

1 

---------------------

Fourier Analysis (Amplitude Spectrum) 

Radial Vertical 
Peak= 0.88 Hz Peak= 0.88 Hz 

1 1 

__ /~// 

Transverse 
Peak = 1.13 Hz 

I \I ~~~M'N"''"''''' ~"· ''"""'''' - -- 2S-- - 5 0 ' I 5' 1 l0 0 
_f'requency (Hz) 



ni versYEy·- of- Missouri-=Rolla·--------·------·--·--------------·--·---·--·····­
Rock Mechanics and Explosives Research Center 

Crystal Cave Project 
Unit 21 

Location: Entrance 

Event: 006 Date: 6/ 6/95 Time: 17:21 
----··--·--·-·------------------·--Air ~ri_gg_~~:_ ___ 1:_4=.:2. _g!3__ s~~.? __ TFi_gg~r_:. _O'.Q.~ __ i:ri/~ ..... ~/tJ_:_ 21 

Amplitudes and Frequencies 
Acoustic: O dB 0.0 Hz. 
Radial: 0.02 in/s 0.0 Hz. 
Vertical: 0.04 in/s 34.1 Hz. 
Transverse: 0.03 in/s 0.0 Hz. 

·-- -

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: Entrance 

Event: 007 Date: 6/ 7/95 Time: 17:55 
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Amplitudes and Frequencies Graph Information 
Acoustic: O 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: 0.04 in/s 21.3 Hz. Time Lines at: 0.50 sec intervals ----·-·--·-· ---·-- ··-·--····------------··--· --···-··--·-··--·-··--··· -·----------·--·--··--··- ·-· -······--····-- ·· ·-·-c:a.1··-cy·.--9 a·--·--··--·· 

1 

r.uus 

Acoustic 
Peak= 0.00 Hz 

~ 
Cal 0.54 

'-----''--"----'---''trr--Tlf R\JILJlllW-· ------r·-- -- ·--- -·- -·---·--- ·-··--------·--·--·--·-·---llVT ---- ------ -- --·-- .. ·--- __ ,/ / ~ 

l.5Us 

Fourier Analysis (Amplitude Spectrum) 

Radial Vertical 
Peak = 0.88 Hz Peak = 0.88 Hz 

1 1 1 

Cal 0.51 

_/~/ 
Cal 0.55 

~ 

Transverse 
-Peak = 25. 00 Hz 



-----------------~~nJ.versiE y--0r--Mi s sou-r i-=Roria_--------------------------------------------- -------------­
Rock Mechanics and Explosives Research Center 

Crystal Cave Project 
Unit 21 

Location: Entrance 

Event: 008 Date: 6/ 9/95 Time: 16:17 
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Amplitudes and Frequencies Graph Information 

Acoustic: O 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) 
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Rock Mechanics and Explosives Research Center 

Crystal Cave Project 
Unit 21 

Location: Entrance 

Event: 011 
Air Trigger: 142 dB 

Date: 6/12/95 Time: 17:24 
Sei_~ _ _Trigg~r: _Q_:-9_~-~_r_l/_§ _____ ~fN: -~-~---··---··-··---···--------·------··--

Amplitudes and Frequencies 
Acoustic: 106 dB 0.0 Hz. 
Radial: 0.03 in/s 0.0 Hz. 
Vertical: 0.05 in/s 42.6 Hz. 
Transverse: 0.04 in/s 15.0 Hz. 

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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Mechanics and Explosives Research Center 
Crystal Cave Project 

- Unit 21 
Location: Entrance 

Event: 014 Date: 6/15/95 Time: 13:30 
,_____________________ Air Trig_g~r : ____ ~_':l=}_~ _______ §i~-~-~--T'rigg_E'.l'.:_~ ___ 9_:_9_~_~_1?:(_~ ____ S{~: 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 39.3 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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Mechanics and Explosives Research Center 

Crystal Cave Project 
Unit 21 

Location: Entrance 

Event: 015 Date: 6/16/95 Time: 11:05 
1---------------- Air Trigger: 142 dB_ ___ §_~-~i:J_ T_:i::i_g9e:i::: ___ .9_:_0} ___ inLEl _______ S__L:f\J_:__ __ ~}- __________ _ 

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 ------------------------------------------ca r-o~ ·9s __ _ 
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Mechanics and Explosives Research 
Crystal Cave Project 

Unit 21 
Location: Entrance 

Center 

Event: 016 Date: 6/16/95 Time: 17:53 
Air Trigger: _j.4~___9-_l? ____ ~~i_§ ___ T_!A_g_9_~!_: ___ Q__:__9} ___ ~_I:ll§ ________ _§_l_:t'!: __ _?_l__ _ _____________________________ _ 

Amplitudes and Frequencies 
Acoustic: 0 dB 0.0 Hz. 

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 

Radial: 0.03 in/s 0.0 Hz. 
Vertical: 0.03 in/s 0.0 Hz. 
Transverse: 0.02 in/s 0.0 Hz. 
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Rock Mechanics and Explosives Research Center 

Crystal Cave Project 
Unit 21 

Location: Entrance 

Event: 017 Date: 6/17/95 Time: 9:13 
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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: 0.04 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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Event: 018 Date: 6/21/95 Time: 18:18 
,_____________________ Air Trig_ger: }-_~_~ ___ dB ____ 8-~~? 

Amplitudes and Frequencies 
Acoustic: 0 dB 0.0 Hz. 
Radial: 0.03 in/s 0.0 Hz. 
Vertical: 0.03 in/s 0.0 Hz. 
Transverse: 0.03 in/s 0.0 Hz. 
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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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Rock Mechanics and Explosives Research Center 
Crystal Cave Project 

Unit 21 
Location: Entrance 

Event: 019 Date: 6/23/95 Time: 17:40 
Air Trig_ger _:_~ 14 2 dB ____ §_~_:h§ __ Tr~gg:~~: ___ g_:_Q}_i_!?:(..§ ____ _§_l_J:!_:_._2.:L_ .. __ ·-- ·- ___________________________ _ !-------·--------------

Amplitudes and Frequencies 
Acoustic: 0 dB 0.0 Hz. 
Radial: 0.02 in/s 0.0 Hz. 
Vertical: 0.02 in/s 0.0 Hz. 
Transverse: 0.03 in/s 0.0 Hz. 

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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n1 vers1ey-5f-M:Hi"souri-=-RolTa 
Rock Mechanics and Explosives Research Center 

Crystal Cave Project 
Unit 21 

Location: Entrance 

Event: 020 Date: 
__________ Air Tri_g_ger: _!42 __ ~~-------·--S_eis 

6/28/95 Time: 17:37 
Tr_~_g_g~-~-: __ ~9_.:-9} __ ~n/ _ _? _______ §/!'I.: ____ 2_1 

Amplitudes and Frequencies 
Acoustic: 100 dB 0.0 Hz. 
Radial: 0.02 in/s 0.0 Hz. 
Vertical: 0.01 in/s 0.0 Hz. 
Transverse: 0.03 in/s 0.0 Hz. 

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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Rock Mechanics and Explosives Research Center 

Crystal Cave Project 
Unit 21 

Location: Entrance 

Event: 021 Date: 6/28/95 Time: 17:47 
---------------------------------- _____ Ai_£ _Tr:A_gg_~:r_-_: _)-_~2 ____ ¢_B__ Se is T~_~gg_~:r_-_: __ Q_:_9} ___ ?:~I_~ _ __$/N: 21 

Amplitudes and Frequencies Graph Information 
Acoustic: O dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec 
Radial: 0.03 in/s 0.0 Hz. Acou~tic: 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: 0.04 in/s 32.0 Hz. Time Lines at: 0.50 sec intervals -------------------------------------------------------- ----------------c:a.r---ci :-96 _______ _ 

1.H.------------------------------------------------------------------------------··- ---·-- /~ 
Cal 0.53 

1ru-UlJU'i_iwlfvV-J\..rillIU~UUl_J______JJIJJf fl!!Tlll'Kl-In TI\llrl 11- -in _M ---- - .. - ---'~_// 

·--=--rnuVlf~u-~-·11JN11111TIHllTr11Tlll'Ullfff_l_ffl_T __________________________________________________________________________________ _ 

1 

"-"~-~~·· !lnJ1\lll1l___LliilJJ.IJITH.TI,--Y---r-------------------~T------· 

U.5Us 11. OUs 

Acoustic 
Peak = 0.00 Hz 

1 

Fourier Analysis (Amplitude Spectrum) 

Radial Vertical 
Peak= 1.00 Hz Peak = 0.88 Hz 

1 1 

Transverse 
Peak = 0.88 Hz 

, 11,J.~1.\' I· ~v\,,1,\.:'1 -·. i, •. , . !11ri..1~ 1 , r i 1 ,,,H.,~~. 1! .... 'f'"I 1l•'•Y·1._1 ;•1,, 

- -- - 2 5 s'o -· ···· ·7 s' · ···'"Yoo 
Frequency (Hz) 



j . 

n:1 versiry-of f1issour-r=-m51Ta:--------------------------------­
Rock Mechanics and Explosives Research Center 

Crystal Cave Project 
Unit 21 

Location: Enterance 

Event: 022 Date: 6/29/95 Time: 17:33 
Air Trig_ger: 142 dB __ §_~~-1:? ___ Tri:_g_ger: O. 03 in/ §__ ___ __§_LN :_ _ _?_1: ___________________________________ _ 

Amplitudes and Frequencies 

Acoustic: O dB 0.0 Hz . 
. Radial: 0.02 in/s 0.0 Hz. 
Vertical: o.os in/s 34.1 Hz. 
Transverse: 0.04 in/s 32.0 Hz. 

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 s~c intervals . 
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Rock Mechanics and Explosives Research Center 

Crystal Cave Project 
Unit 21 

Location: Enterance 

Event: 024 
Air Trigger: 142 dB 

Amplitudes and Frequencies 

Date: 7/ 1/95 Time: 12:35 
Se~_ Tri_g_ger _.:. __ _Q_: 03 in/ s ___ S/N_:__?.l_ ______ -----------·-· ·---------

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

Acoustic: 0.20 Mb (0.05 Mb/div) 
Seis: 0.07 in/s (0.0175 in/s/div) 
Time Lines at: 0.50 sec intervals 

Radial: 0.03 in/s 0.0 Hz. 
Vertical: 0.07 in/s 39.3 Hz. 
Transverse: 0.04 in/s 24.3 Hz. 
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Rock Mechanics and Explosives Research Center 

Crystal Cave Project 
Unit 21 

Location: Enterance 

Event: 025 Date: 7/ 5/95 Time: 17:25 
1-____________ A_i_r_T_r_1~·g~g=_e_r_:_1_4_2 __ d_B_. Se_is __ Trig_g~r_:__Q_:...03 in/~--~L~_: ___ _?_~---------------------·---

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 intervals 
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Rock Mechanics and Explosives Research Center 

Crystal Cave Project 
Unit 21 

Location: Enterance 

Event: 026 
Air Trig_ger: 142 dB 

---------------~ 

Date: 7/ 6/95 Time: 18:22 
Se is _'l'Eigg_~-~: _Q_~g-~-~E:/_? ______ s (~:_-~-~---··- ________________________________ _ 

Amplitudes and Frequencies 
Acoustic: 100 dB 0.0 Hz. 
Radial: 0.05 in/s 18.9 Hz. 
Vertical: 0.05 in/s 36.5 Hz. 
Transverse: 0.03 in/s 0.0 Hz. 

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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Rock Mechanics and Explosives Research Center 

Crystal Cave Project 
Unit 21 

Location: Enterance 

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

Amplitudes and Frequencies -------··-----T·-- ·· --···-·---····-· -------··c;~-a-ph-·rn"formatT~n--- -· 

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/s/div) 
Transverse: 0.03 in/s 0.0 Hz. Time Lines at: 0.50 sec intervals ------------------------ -------------·-----------------------------·----·--·---·---·--·- · ·---------·----- ca.1·-- o-~ 9 5- ----·---
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univers:i cy of--Missoliri-=Rolla ___________________ _ 
Rock Mechanics and Explosives Research Center 

Crystal Cave Project 
Unit 21 

Location: Enterance 

Event: 028 Date: 7/ 8/95 Time: 15:32 
Air Trig_ger__2__!_~~ d~--- -~-~~-~--T-~~g_g_~E_: ___ g_._9~--~-11.{f} ____ ----~[~-~ __ 2_1 

Amplitudes and Frequencies 
Acoustic: 100 dB 0.0 Hz. 
Radial: 0.04 in/s 22.2 Hz. 
Vertical: 0.03 in/s 0.0 Hz. 
Transverse: 0.04 in/s 25.6 Hz. 

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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Mechanics and Explosives Research Center 

Crystal Cave Project 
Unit 21 

Location: Enterance 

Event: 029 Date: 7/10/95 Time: 17:23 
_______________________________ Ai_! __ Jrig_ge:i;_:_ __ _:L_4_2 __ ~? ______ Se is __ 'T:i::-_~_99~E_.'. _Q: 03 in/s ___ _ S/!'I_.'. __ 21 _ _ ___ _ ____ _ 

Amplitudes and Frequencies Graph 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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Rock Mechanics and Explosives Research Center 

Crystal Cave Project 
Unit 21 

Location: Enterance 

Event: 030 Date: 7/11/95 Time: 17:31 
•---------·-----·--------- Air Trig:g:er: -~!~ ___ <:!_:§_ ____ ~~~-~---'T:r:ig_g~}'.':_ 9 ._o _ _3 -~-~(_~ ____ _§_(~-=----~ l __ _ ______________ . 

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 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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Rock Mechanics and Explosives Research Center 
Crystal Cave Project 

Unit 21 
Location: Enterance 

Event: 031 Date: 7/12/95 Time: 17:42 
__________________________________ Air Trigger_:_~-~-~--9~-------~-~-~-i::; ___ T:r_:~_gg_~_:r:-_: __ o _. o_~_ ~p{s._ ____ __ -?/~: 21 

Amplitudes and Frequencies 

Acoustic: 100 dB 0.0 Hz. 
Radial: 0.03 in/s 0.0 Hz. 
Vertical: 0.02 in/s 0.0 Hz. 
Transverse: 0.04 in/s 24.3 Hz. 

--

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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Rock Mechanics and Explosives Research Center 
Crystal Cave Project 

Unit 21·· 
Location: Enterance 

Event: 032 
1------~- Air Trigger: 142 dB 

Date: 7/13/95 Time: 16:39 
?-~-~-~--T~_g_g~_!_: __ _Q_: _ _9_~_i_~/ § ___ __§_L_~_:_ __ ~_! ________ --- ---------- -- ---- ---·---- ---

Amplitudes and Frequencies 
Acoustic: 100 dB 0.0 Hz. 
Radial: 0.05 in/s 21.3 Hz. 
Vertical: 0.06 in/s 32.0 Hz. 
Transverse: 0.06 in/s 26.9 Hz. 

Graph Information 
Duration: 0.000 sec To: 4.500 sec 
Acoustic: 0.20 Mb (0~05 Mb/div) 
Seis: 0.06 in/s (0.015 in/s/div) 
Time Lines at: 0.50 sec intervals 
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Rock Mechanics and Explosives Research Center 

Crystal Cave Project 
Unit 21 

Location: Enterance 

Event: 033 Date: 7/14/95 Time: 16:17 
-----·---·-··---·--· Air Trig_ger__:__!.:12 ~]? ______ §~-~-8.._._'.f_:r:i:gg~F __ :_ .. g ·.9.~--~!?-( ~--·-·-- --~/~ ~---~-~- . -·--·--·- ----· .......... -·- ··-·-·--·· 

Amplitudes and Frequencies Graph Information 
Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec 
Radial: 0.04 in/s 21.3 Hz. Acoustic: 0.20 Mb (0.05 Mb/div) 
Vertical: 0.05 in/s 36.5 Hz. Seis: 0.05 in/s (0.0125 ip/s/div) 
Transverse: 0.04 in/s 26.9 Hz. Time Lines at: 0.50 sec intervals 
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Rock Mechanics and Explosives Research Center 

Crystal Cave Project 
Unit 21 

Location: Enterance 

Event: 035 Date: 7/15/95 Time: 14:29 
____ A_i_r Tri g_ger : 1 !? dB ----~~-t-~ __ J:J'.:"i:gg~!-~ __ Q~ 0 ~ __ i_!!:{~-- _ -~ &_: ___ ?:_l ___________ _______ ______ __ ___ _ ______________ _ 

Amplitudes and Frequencies Graph Information 

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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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 ---~~-~~_ 'I_'.rig_g~£ . .: ___ Q __ :__Q_~ in_l~ ______ S/N._.: ___ ~!. _____ ···--·-- _______ --·-···--·-· ___________ _ 

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. Time Lines at: 0.50 sec intervals 
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University of Missouri-Rolla 
Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit 21 

Location: Enterance 

Event: 037 
Air Tri er: 142 dB 

Date: 7 /18/95 
Seis Tri er: 

Time: 16:52 
0.03 in/s S/N: 21 

Amplitudes and Frequencies 

Acoustic: 106 dB 
Radial: 0.03 in/s 

0.0 Hz. 
0.0 Hz. 

Graph Information 

Duration: 0.000 sec To: 4.500 sec 
Acoustic: 0.20 Mb (0.05 Mb/div) 

Vertical: 0.04 in/s 42.6 Hz. 
Transverse: 0.05 in/s 26.9 Hz. 
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University of Missouri-Rolla 
Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit 21 

Location: Enterance 

Event: 040 
Air Tri er: 142 dB 

Date: 7 /25/95 
Seis Tri er: 

Time: 16:27 
0.03 in/s S/N: 21 

Amplitudes and Frequencies 

Acoustic: 100 dB 0.0 Hz. 

Graph Information 

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

Vertical: 0.04 in/s 42.6 Hz. 
Transverse: 0.04 in/s 26.9 Hz. 
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University of Missouri-Rolla 
Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit 21 

Location: Enterance 

Event: 041 
Air Tri er: 142 dB 

Date: 7 /26/95 
Seis Tri er: 

Time: 16:21 
0.03 in/s S/N: 21 

Amplitudes and Frequencies Graph Information 

Duration: 0.000 sec To: 4.500 sec 
Acoustic: 0.20 Mb (0.05 Mb/div) 

0.0 Hz. Acoustic: 100 dB 
Radial: 0.03 in/s 
Vertical: 0.06 in/s 

0.0 Hz. 
36.5 Hz. 

Transverse: 0.04 in/s 30.l Hz. 
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University of Missouri-Rolla 
Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit 21 

Location: Enterance 

Event: 042 
Air Tri er: 142 dB 

Date: 7 /28/95 
Seis Tri er: 

Time: 10:10 
0_03 in/s S/N: 21 

Amplitudes and Frequencies 

Acoustic: 100 dB 0.0 Hz. 
Radial: 0.03 in/s 0.0 Hz. 

Graph Information 

Duration: 0.000 sec To: 4.500 sec 
Acoustic: 0.20 Mb (0.05 Mb/div) 

Vertical: 0.07 in/s 39.3 Hz. 
Transverse: 0.04 in/s 46.5 Hz. 
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University of Missouri-Rolla 
Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit 21 

Location: Enterance 

Event: 043 
Air Tri er: 142 dB 

Date: 7 /28/9S 
Seis Tri er: 

Time: 16:10 
0.03 in/s S/N: 21 

Amplitudes and Frequencies Graph Information 

Duration: 0.000 sec To: 4.SOO sec 
Acoustic: 0.20 Mb (0.0S Mb/div) 

0.0 Hz. Acoustic: 100 dB 
Radial: 0.03 in/s 
Vertical: 0.04 in/s 

0.0 Hz. 
34.1 Hz. 

Transverse: 0.03 in/s 0.0 Hz. 
Seis: O.OS in/s (0.012S in/s/div) 
Time Lines at: 0.SO sec intervals 
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University of Missouri-Rolla 
Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit 21 

Location: Enterance 

Event: 045 
Air Tri er: 142 dB 

Date: 7/31/95 Time: 16:48 
Seis Tri er: 0.03 in/s S/N: 21 

Amplitudes and Frequencies 

0.0 Hz. Acoustic: 100 dB 
Radial: 0.03 in/s 
Vertical: 0.06 in/s 

0.0 Hz. 
42.6 Hz. 

Graph Information 

Duration: 0.000 sec To: 4.500 sec 
Acoustic: 0.20 Mb (0.05 Mb/div) 

Transverse: 0.05 in/s 36.5 Hz. 
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University of Missouri-Rolla 
Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit 21 

Location: Enterance 

Event: 046 Date: 8/ 1/95 Time: 14:19 
Air Tri er: 142 dB Seis Tri er: 0.03 in/s S/N: 21 

Amplitudes and Frequencies Graph Information 

Duration: 0.000 sec To: 4.500 sec 
Acoustic: 0.20 Mb (0.05 Mb/div) 

0.0 Hz. Acoustic: 100 dB 
Radial: 0.03 in/s 
Vertical: 0.06 in/s 

0.0 Hz. 
32.0 Hz. 

Transverse: 0.05 in/s 34.1 Hz. 
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HANGING BALCONY 
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n1vers1 y o . issoU-ri-=-ROTia 
Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit 16 

Location: Hanging Balcony 

Event: 006 
Air Trigger: 142 dB 

Amplitudes and Frequencies 
Acoustic: 106 dB 0.0 Hz. 
Radial: 0.01 in/s 0.0 Hz. 
Vertical: 0.03 in/s 0.0 Hz. 
Transverse: 0.01 in/s 0.0 Hz. 

Date: 
Se is 

6/14/95 Time: 16:29 
Trigger: 0.03 in/s S/N: 16 

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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Rock Mechanics and Explosive Research Center 
Crystal Cave Project 

Unit 16 . 
Location: Hanging Balcony 

Event: 013. Date: 
Air Trigger: 142 dB Seis 

Amplitudes and Frequencies 
Acoustic: 100 dB 0.0 Hz. 
Radial: 0.11 in/s 170.6 Hz. 
Vertical: 0.05 in/s 56.8 Hz. 
Transverse: 0.04 in/s 170.6 Hz. 

6/29/95 Time: 12:14 
Trigger: 0.03 in/s S/N: 16 

Graph Information 
Duration: 0.000 sec To: 4.500 sec 
Acoustic: 0.20 Mb (0.05 Mb/div) 
Seis: 0.11 in/s (0.0275 in/s/div) 
Time Lines at: 0.50 sec intervals 
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Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit 16 

Location: Hanging Balcony 

Event: 016 
Air Trigger: 142 dB 

Date: 6/29/95 Time: 17:32 
S_~_is _ Tr~g_ger : _ _9_:_Q;?_ ___ iE_l§ ___ §l_~_:__--1-~--------------------------- _ ____ _ _________ _ 

Amplitudes and Frequencies 
Acoustic: 100 dB 0.0 Hz. 
Radial: 0.01 in/s 0.0 Hz. 
Vertical: 0.03 in/s 0.0 Hz. 
Transverse: 0.01 in/s 0.0 Hz. 

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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Rock Mechanics and E~plosive Research Center 

Crystal Cave Project 
Unit 16 

Location: Hanging Balcony 

Event: 017 
Air Trigger: 142 dB 

Amplitudes and Frequencies 
Acoustic: 106 dB 0.0 Hz. 
Radial: 0.01 in/s 0.0 Hz. 
Vertical: 0.03 in/s 0.0 Hz. 
Transverse: 0.02 in/s 0.0 Hz. 

Date: 7/ 1/95 Time: 12:34 
Seis Trigger: 0.03 in/s S/N: 16 

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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n1vers1ty of M1ssour1-Rol1-a 
Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit 16 

Location: Hanging Balcony 

Event: 028 Date: 7/ 7/95 Time: 17:50 
1---------------A_i_' _r_T_r_1~· g=g_e_r_:_1_4_2_d_B ___ S_e_1_· s_...,T_r_i~g_ger : 0 . O 3 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. Time Lines at: 0.50 sec intervals 
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University of Missouri--=-ROIJ:a 
Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit 16 

Location: Hanging Balcony 

Event: 034 
Air Trigger: 142 dB 

Amplitudes and Frequencies 

Date: 7/10/95 Time: 17:22 
s e is __ T_r ~-9.9~~-~_Q-~Q_?_in {~ ___ s /N _: __ =!-_~------- ____________________________ _ 

Graph Information 
Acoustic: 106 dB 0.0 Hz. 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 

Radial: 0.02 in/s 0.0 Hz. 
Vertical: 0.03 in/s 0.0 Hz. 
Transverse: 0.02 in/s 0.0 Hz. 
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University ofl.VI1ssouri-=R<5Tla 
Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit 16 

Location: Hanging Balcony 

Event: 037 Date: 7/13/95 Time: 16:38 
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Amplitudes and Frequencies Graph Information 
Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec 
Radial: 0.03 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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Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit 16 

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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Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit 16 

Location: Hanging Balcony 

Event: 041 
Air Trigger: 142 dB 

Amplitudes and Frequencies 
Acoustic: 106 dB 0.0 Hz. 
Radial: 0.03 in/s 0.0 Hz. 
Vertical: 0.04 in/s 56.8 Hz. 
Transverse: 0.02 in/s 0.0 Hz. 

Date: 7/15/95 Time: 14:28 
Seis Trigger: 0.03 in/s S/N: 16 

Ill I 

Graph Information 
Duration: 0.000 sec To: 4.5DO 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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Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit 16 

Location: Hanging Balcony 

Event: 043 Date: 
Air Trigger: 142 dB Seis 

Amplitudes and Frequencies 
Acoustic: 106 dB 0.0 Hz. 
Radial: 0.02 in/s 0.0 Hz. 
Vertical: 0.04 in/s 56.8 Hz. 
Transverse: 0.02 in/s 0.0 Hz. 

7/17/95 Time: 16:35 
Trigger: 0.03 in/s S/N: 16 

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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niversi y o issouri-Rolla 
Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit 16 

Location: Hanging Balcony 

Event: 045 
Air Trigger: 142 dB 

Amplitudes and Frequencies 
Acoustic: 100 dB 0.0 Hz. 
Radial: 0.02 in/s 0.0 Hz. 
Vertical: 0.03 in/s 0.0 Hz. 
Transverse: 0.02 in/s 0.0 Hz. 

Date: 7/19/95 Time: 16:48 
Seis Trigger: 0.03 in/s S/N: 16 

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 

Cal 0.52 
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niversi y o Missouri- o a 
Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit 16 

Location: Hanging Balcony 

Event: 048 Date: 7/25/95 Time: 16:26 
1--___________ A_i_r_T_r_1~·g~g""-e_r_:_1_4_2 __ d_B __ S_e_i_·s_~T_r~igger: 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 H~. Time Lines at: 0.50 sec intervals 
1----------------~-------------------------· 
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Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit 16 

Location: Hanging Balcony 

Event: 050 Date: 
Air Trigger: 142 dB Seis 

7/26/95 Time: 16:20 
Trigger: 0.03 in/s S/N: 16 

Amplitudes and Frequencies 
Acoustic: 100 dB 0.0 Hz. 
Radial: 0.03 in/s 0.0 Hz. 
Vertical: 0.04 in/s 73.1 Hz. 
Transverse: 0.02 in/s 0.0 Hz. 

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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Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit 16 

Location: Hanging Balcony 

Event: 051 Date: 7/28/95 Time: 10:09 
,__ ___________ A_i_r __ T_r_i~g~g~e_r_:_1_4_2_d_B __ S_e_i_s--,-T_r~ig_ger: O. 03 in/s S/N: 16 _____________ _ 

Amplitudes and Frequencies Graph Information 
Acoustic: 106 dB 0.0 Hz. Duration: 0.000 sec To: 
Radial: 0.02 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 
Vertical: 0.04 in/s 64.0 Hz. Seis: O.OS in/s (0.012S 
Transverse: 0.03 in/s 0.0 Hz. Time Lines at: O.SO sec 
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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 Seis Trigger: 0.03 in/s S/N: 16 

r---------,---------~~----------,...~ 
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; 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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Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit 16 

Location: Hanging Balcony 

Event: 003 Date: 6/ 2/95 Time: 17:28 
1----___________ A_i_r_T_r_i_· g~g~_e_r_: _1_4_2_d_B ___ S_e_i_· s_ ... T_r_i~g:srer: o . O 3 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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niversi y o issouri- o a 
Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit 17 

Location: Indian Sleeping Chamber 

Event: 003 
Air Trigger: 142 dB 

Amplitudes and Frequencies 

Date: 6/20/95 Time: 15:02 
Seis ___ Tri9:.ger: 0. 03 in/ s _ S/N: _17 -------------------------·--·------

Graph Information 
Acoustic: o dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec 

Acoustic: 0.20 Mb (0. 5 Mb/div) 
Seis: 0.05 in/s (0.01 5 in/s/div) 
Time Lines at: 0.50 s c intervals 

Radial: 0.01 in/s 0.0 Hz. 
Vertical: 0.02 in/s 0.0 Hz. 
Transverse: 0.04 in/s 170.6 Hz. 
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Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit 17 

Location: Indian Sleeping Chamber 

Event: 005 Date: 
Air Trigger: 142 dB Seis 

Amplitudes and Frequencies 
Acoustic: 0 dB 0.0 Hz. 
Radial: 0.01 in/s 0.0 Hz. 
Vertical: 0,02 in/s 0.0 Hz. 
Transverse: 0.04 in/s 170.6 Hz. 

6/20/95 Time: 15:06 
Trigger: 0.03 in/s S/N: 17 

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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Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit 17 

Location: Indian Sleeping Chamber 

Event: 006 Date: 6/20/95 Time: 15:08 
1-------------A_i_r_T_r_i~· g=g~_e_r_:_1_4_2_d_B __ S_e_i_' s_-.T_r~ig_ger: 0. 03 in/ s S /N: 1 7 ____________ _ 

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 5.8 Hz. Time L'nes at: 0.50 sec intervals 
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niversi y o Missouri-Rolla 
Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit 17 

Location: Indian Sleeping Chamber 

Event: 007 
Air Trigger: 142 dB 

Amplitudes and Frequencies 
Acoustic: O dB 0.0 Hz. 
Radial: 0.01 in/s 0.0 Hz. 
Vertical: 0.02 in/s 0.0 Hz. 
Transverse: 0.04 in/s 170.6 Hz. 

Date: 6/20/95 Time: 15:10 
Seis Trigger: 0.03 in/s S/N: 17 

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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Mechanics and Explosive Research Center 
Crystal Cave Project 

Unit 17 
Location: Indian Sleeping Chamber 

Event: 008 
Air Trigger: 142 dB 

Amplitudes and Frequencies 
Acoustic: 0 dB 0.0 Hz. 
Radial: 0.01 in/s 0.0 Hz. 
Vertical: 0.02 in/s 0.0 Hz. 
Transverse: 0.04 in/s 170.6 Hz. 

Date: 6/20/95 Time: 15:12 
Seis Trigger: 0.03 in/s S/N: 17 

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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Fourier Analysis (Amplitude Spectrum) 
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Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit 17 

Location: Indian Sleeping Chamber 

Event: 010 Date: 
Air Trigger: 142 dB Seis 

Amplitudes and Frequencies 
Acoustic: O dB 0.0 Hz. 
Radial: 0.01 in/s 0.0 Hz. 
Vertical: 0.02 in/s 0.0 Hz. 
Transverse: 0.04 in/s 170.6 Hz. 

6/20/95 Time: 15:16 
Trigger: 0.03 in/s S/N: 17 

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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Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit 17 

Location: Indian Sleeping Chamber 

Event: 011 Date: 
Air Trigger: 142 dB Seis 

6/20/95 Time: 15:18 
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 
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 

Radial: 0.01 in/s 0.0 Hz. 
Vertical: 0.02 in/s 0.0 Hz. 
Transverse: 0.04 in/s 170.6 Hz. 
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Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit 17 

Location: Indian Sleeping Chamber 

Event: 012 
Air Trigger: 142 dB 

Amplitudes and Frequencies 
Acoustic: 0 dB 0.0 Hz. 
Radial: 0.03 in/s ,0.0 Hz. 
Vertical: 0.04 in/s 170.6 Hz. 
Transverse: 0.06 in/s .8 Hz. 

~I 

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

Graph Information 
Duration: 0.000 sec To: 4.500 sec 
Acoustic: 0.20 Mb (0.05 Mb/div) 
Seis: 0.06 in/s (0.015 in/s/div) 
Time Lines at: 0.50 sec intervals 

Cal 0.49 

~ 
Cal 0.51 

_//~ 

~--'llWJU'---J__ _____ -..--r ___ --,-,----------------, ~ 
3.50s ~.OOs 4.50s 

1 

s 

Acoustic 
Peak = 0.00 Hz 

s 

1 

s 

Fourier Analysis 

Radial 
Peak = 0.88 Hz 

s s 

(Amplitude Spectrum) 

Vertical 
Peak = 0.88 Hz 

1 

0 -'<-----"5-s1~0 -~·1,,_15-~16 o 0 A--'---'--',-.-'1--'~ o 0 
*i~11~vJyNNf0¥w/lllw1~1%l"llill/1rf 

----21s--s10-715 16 0 
Frequency (Hz) Frequency (Hz) Frequency (Hz) 

1 

Transverse 
Peak = 1.00 Hz 



niversi y o issouri- o a 
Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit 17 

Location: Indian Sleeping Chamber 

Event: 013 
Air Trigger: 142 dB 

Amplitudes and Frequencies 
Acoustic: 0 dB 0.0 Hz. 
Radial: 0.03 in/s 0.0 Hz. 
Vertical: 0.04 in/s 170.6 Hz. 
Transverse: 0.06 in/s 4.9 Hz. 

Date: 6/20/95 Time: 15:22 
Seis Trigger: 0.03 in/s S/N: 17 

Graph Information 
Duration: 0.000 sec To: 4.500 sec 
Acoustic: 0.20 Mb (0.05 Mb/div) 
Seis: 0.06 in/s (0.015 in/s/div) 
Time Lines at: 0.50 sec intervals 
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Rock Mechanics and Explosives Research Center 

Crystal Cave Project 
Unit 492 

Location: Jacob's Room 

Event: 018 Date: 6/16/95 Time: 17:52 
___________________________________ Ai£ __ !~~g_g_~-!'~-- :L1'_? __ c1_B__ Se is_ Tr~gger: 0. 03 __ in/s ___ S/N: 4 9 2 

Amplitudes and Frequencies 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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Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit 17 

Location: Indian Sleeping Chamber 

Event: 019 
Air Trigger: 142 dB 

Amplitudes and Frequencies 
Acoustic: 0 dB 0.0 Hz. 
Radial: 0.01 in/s 0.0 Hz. 
Vertical: 0.02 in/s 0.0 Hz. 
Transverse: 0.04 in/s 170.6 Hz. 

Date: 6/20/95 Time: 15:34 
Seis Trigger: 0.03 in/s S/N: 17 

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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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 Frequencies Graph Information 
Acoustic: O 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 t: 0.50 sec intervals 
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Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit 17 

Location: Indian Sleeping Chamber 

Event: 021 
Air Trigger: 142 dB 

Amplitudes and Frequencies 
Acoustic: 0 dB 0.0 Hz. 
Radial: 0.01 in/s 0.0 Hz. 
Vertical: 0.02 in/s 0.0 Hz. 
Transverse: 0.04 in/s 170.6 Hz. 

Date: 6/20/95 Time: 15:38 
Seis Trigger: 0.03 in/s S/N: 17 

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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Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit 17 

Location: Indian Sleeping Chamber 

Event: 023 
Air Trigger: 142 dB 

--------~ 

Date: 6/20/95 Time: 15:42 
_ __§_eis Trigge:i:_:__9_:_Ql_ in/'.? ___ S/N ~--!? ______________________ _ 

Amplitudes and Frequencies 
Acoustic: 0 dB 0.0 Hz. 
Radial: 0.01 in/s 0.0 Hz. 
Vertical: 0.02 in/s 0.0 Hz. 
Transverse: 0.04 in/s 170.6 Hz. 

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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Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit 17 

Location: Indian Sleeping Chamber 

Event: 024 
Air Trigger: 142 dB 

Amplitudes and Frequencies 
Acoustic: O dB 0.0 Hz. 
Radial: 0.01 in/s 0.0 Hz. 
Vertical: 0.02 in/s 0.0 Hz. 
Transverse: 0.04 in/s 170.6 Hz. 

Date: 6/20/95 Time: 15:44 
Seis Trigger: 0.03 in/s S/N: 17 

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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Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit 17 

Location: Indian Sleeping Chamber 

Event: 025 
Air Trigger: 142 dB 

Amplitudes and Frequencies 
Acoustic: 0 dB 0.0 Hz. 
Radial: 0.01 in/s 0.0 Hz. 
Vertical: 0.02 in/s 0.0 Hz. 
Transverse: 0.04 in/s 170.6 Hz. 

Date: 6/20/95 Time: 15:46 
Seis Trigger: 0.03 in/s S/N: 17 

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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Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit 17 

Location: Indian Sleeping Chamber 

Event: 026 
Air Trigger: 142 dB 

Date: 6/20/95 Time: 15:48 
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 
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 

Radial: 0.01 in/s 0.0 Hz. 
Vertical: 0.02 in/s 0.0 Hz. 
Transverse: 0.04 in/s 170.6 z. 
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niversity-ofll'Ilssouri-ROria 
Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit 17 

Location: Indian Sleeping Chamber 

Event: 027 Date: 
Air Trigger: 142 dB Seis 

Amplitudes and Frequencies 
Acoustic: O dB 0.0 Hz. 
Radial: 0.01 in/s 0.0 Hz. 
Vertical: 0.02 in/s 0.0 Hz. 
Transverse: 0.04 in/s 170.6 Hz. 

6/20/95 Time: 15:50 
Trigger: 0.03 in/s S/N: 17 

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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niversity of Missouri-=RoTla 
Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit 17 

Location: Indian Sleeping Chamber 

Event: 002 
Air Trigger: 142 dB 

Amplitudes and Frequencies 
Acoustic: 0 dB 0.0 Hz. 
Radial: 0.03 in/s 0.0 Hz. 
Vertical: 0.03 in/s 0.0 Hz. 
Transverse: 0.06 in/s 5.5 Hz. 

Date: 6/20/95 Time: 15:00 
Seis Trigger: 0.03 in/s S/N: 17 

Graph Information 
Duration: 0.000 sec To: 4.500 sec 
Acoustic: 0.20 Mb (0.05 Mb/div) 
Seis: 0.06 in/s (0.015 in/s/div) 
Time Lines at: 0.50 sec intervals 
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Mechanics and Explosive Research Center 
Crystal Cave Project 

Unit 19 
Location: Indian Sleeping Chamber 

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

Amplitudes and Frequencies 
Acoustic: 0 dB 0.0 Hz. 
Radial: 0.01 in/s 0.0 Hz. 
Vertical: 0.03 in/s 0.0 Hz. 
Transverse: 0.01 in/s 0.0 Hz. 

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 Lines at: 0.50 sec intervals 
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Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit 19 

Location: Indian Sleeping Chamber 

Event: 004 Date: 
Air Trigger: 142 dB Seis 

Amplitudes and Frequencies 
Acoustic: 0 dB 0.0 Hz. 
Radial: 0.02 in/s 0.0 Hz. 
Vertical: 0.04 in/s 26.9 Hz. 
Transverse: 0.01 in/s 0.0 Hz. 

6/23/95 Time: 17:38 
Trigger: 0.03 in/s S/N: 19 

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 Lines at: 0.50 sec intervals 
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niversity of Missouri-Rol~a 
Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit 19 

Location: Indian Sleeping Chamber 

Event: 006 Date: 
Air Trigger: 142 dB Seis 

Amplitudes and Frequencies 
Acoustic: 100 dB 0.0 Hz. 
Radial: 0.02 in/s 0.0 Hz. 
Vertical: 0.03 in/s 0.0 Hz. 
Transverse: 0.02 in/s 0.0 Hz. 

6/28/95 Time: 17:45 
Trigger: 0.03 in/s S/N: 19 

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 Lines at: 0.50 sec intervals 
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Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit 19 

Location: Indian Sleeping Chamber 

Event: 007 Date: 6/29/95 Time: 17:32 
Air Trigger: 142 dB Seis Trigger: 0.03 in/s S/N: 19 

1----------------~~-----------.--~~-----~---~---------------

Am pl it u des 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 23.2 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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Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit 19 

Location: Indian Sleeping Chamber 

Event: 008 
Air Trigger: 142 dB 

Amplitudes and Frequencies 
Acoustic : O dB O . 0 Hz . 
Radial: 0.03 in/s 0.0 Hz. 
Vertical: 0.05 in/s 17.6 Hz. 
Transverse: 0.02 in/s 0.0 Hz. 

Date: 7/ 1/95 Time: 12:33 
Seis Trigger: 0.03 in/s S/N: 19 

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 Lines at: 0.50 sec intervals 
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Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit l9 

Location: Indian Sleeping Chamber 

Event: 010 Date: 
Air Trigger: 142 dB Seis 

Amplitudes and Frequencies 
Acoustic: 100 dB 0.0 Hz. 
Radial: 0.03 in/s 0.0 Hz. 
Vertical: 0.03 in/s 0.0 Hz. 
Transverse: 0.02 in/s 0.0 Hz. 

7/ 5/95 Time: 17:24 
Trigger: 0.03 in/s S/N: 19 

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 Lines at: 0.50 sec intervals 
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Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit 19 

Location: Indian Sleeping Chamber 

Event: 011 
Air Trigger: 142 dB 

Amplitudes and Frequencies 
Acoustic: 0 dB 0.0 Hz. 
Radial: 0.04 in/s 26.9 Hz. 
Vertical: 0.03 in/s 0.0 Hz. 
Transverse: 0.03 in/s. 0.0 Hz. 

Date: 7/ 6/95 Time: 18:20 
Seis Trigger: 0.03 in/s S/N: 1~ 

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 Lines at: 0.50 sec intervals 
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Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit 19 

Location: Indian Sleeping Chamber 

Event: 012 Date: 
Air Trigger: 142 dB Seis 

Amplitudes and Frequencies 
Acoustic: 100 dB 0.0 Hz. 
Radial: 0.02 in/s 0.0 Hz. 
Vertical: 0.03 in/s 0.0 Hz. 
Transverse: 0.02 in/s 0.0 Hz. 

7/ 7/95 Time: 17:49 
Trigger: 0.03 in/s S/N: 19 

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 Lines at: 0.50 sec intervals 
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Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit 19 

Location: Indian Sleeping Chamber 

Event: 013 Date: 
Air Trigger: 142 dB Seis 

Amplitudes and Frequencies 
Acoustic: 100 dB 0.0 Hz. 
Radial: 0.05 in/s 22.2 Hz. 
Vertical: 0.04 in/s 16.5 Hz. 
Transverse: 0.03 in/s 0.0 Hz. 

7/10/95 Time: 17:21 
Trigger: 0.03 in/s S/N: 19 

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 Lines at: 0.50 sec intervals 
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niversity of Missouri-=-RoTia 
Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit 19 

Location: Indian Sleeping Chamber 

Event: 014 Date: 
Air Trigger: 142 dB Seis 

Amplitudes and Frequencies 
Acoustic: 100 dB 0.0 Hz. 
Radial: 0.05 in/s 17.6 Hz. 
Vertical: 0.05 in/s 18.2 Hz. 
Transverse: 0.04 in/s 17.6 Hz. 

7/11/95 Time: 17:29 
Trigger: 0.03 in/s S/N: 19 

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 Lines at: 0.50 sec intervals 
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Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit 19 

Location: Indian Sleeping Chamber 

Event: 015 Date: 7/12/95 Time: 17:40 
1--------------A_i_r_T_r_i__,· g=ger_· _: _1_4_2_d_B __ S_e_i_s_T_r_i~· gger: 0 . 0 3 in/ s S /N: 19 

Amplitudes and Frequencies Graph Information 
Acoustic: O 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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niversity or Missouri-=ROTia 
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: o 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 _____ ,__ ___________________ ~a-i- u.98 
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niversi y o issouri- o a 
Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit 19 

Location: Indian Sleeping Chamber 

Event: 017 
Air Trigger: 142 dB 

Amplitudes and Frequencies 
Acoustic: 100 dB 0.0 Hz. 
Radial: 0.03 in/s 0.0 Hz. 
Vertical: 0.08 in/s 22.2 Hz. 
Transverse: 0.04 in/s 39.3 Hz. 

Date: 7/14/9S Time: 16:16 
Seis Trigger: 0.03 in/s S/N: 19 

Graph Information 
Duration: 0.000 sec To: 2.SOO sec 
Acoustic: 0.20 Mb (O.OS Mb/div) 
Seis: 0.08 in/s (0.02 in/s/div) 
Time Lines at: O.SO sec intervals 
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Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit 19 

Location: Indian Sleeping Chamber 

Event: 018 Date: 7/15/95 Time: 14:28 
f-------------A_i_r_T_r_i~· q_g~e_r_: _1_4_2_d_B ___ S_e_i __ s_._T~r_i~· g_ger ~- O . O 3 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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Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit 19 

Location: Indian Sleeping Chamber 

Event: 019 Date: 
Air Trigger: 142 dB Seis 

Amplitudes and Frequencies 

Acoustic: 100 dB 0.0 Hz. 
Radial: 0.03 in/s 0.0 Hz. 
Vertical: 0.05 in/s 26.9 Hz. 
Transverse: 0.03 in/s 0.0 Hz. 

7/17/95 Time: 16:34 
Trigger: 0.03 in/s S/N: 19 

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 Lines at: 0.50 sec intervals 
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niversity of MiSsouri~Ol"Ta 
Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit 17 

Location: Indian Sleeping Chamber 

Event: 103 
Air Trigger: 142 dB 

Amplitudes and Frequencies 
Acoustic: 100 dB 0.0 Hz. 
Radial: 0.06 in/s 22.2 Hz. 
Vertical: 0.05 in/s 23.2 Hz. 
Transverse: 0.04 in/s 25.6 Hz. 

Date: 7/18/95 Time: 16:51 
Seis Trigger: 0.03 in/s S/N: 17 

Graph Information 
Duration: 0.000 sec To: 4.500 sec 
Acoustic: 0.20 Mb (0.05 Mb/div) 
Seis: 0.06 in/s (0.015 in/s/div) 
Time Lines at: 0.50 sec intervals 
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Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit 17 

Location: Indian Sleeping Chamber 

Event: 104 Date: 
Air Trigger: 142 dB Seis 

Amplitudes and Frequencies 
Acoustic: 106 dB 0.0 Hz. 
Radial: 0.09 in/s 24.3 Hz. 
Vertical: 0.08 in/s 26.9 Hz. 
Transverse: 0.04 in/s 21.3 Hz. 

7/19/95 Time: 16:48 
Trigger: 0.03 in/s S/N: 17 

Graph Information 
Duration: 0.000 sec To: 4.500 sec 
Acoustic: 0.20 Mb (0.05 Mb/div) 
Seis: 0.09 in/s (0.0225 in/s/div) 
Time Lines at: 0.50 sec intervals 
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niversi y o issouri- o a 
Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit 17 

Location: Indian Sleeping Chamber 

Event: lOS 
Air Trigger: 142 dB 

Amplitudes and Frequencies 
Acoustic: 100 dB 0.0 Hz. 
Radial: O.OS in/s 2S.6 Hz. 
Vertical: O.OS in/s 28.4 Hz. 
Transverse: 0.03 in/s 0.0 Hz. 

Date: 7/2S/9S Time: 16:27 
Seis Trigger: 0.03 in/s S/N: 17 

Graph Information 
Duration: 0.000 sec To: 4.SOO sec 
Acoustic: 0.20 Mb (O.OS Mb/div) 
Seis: O.OS in/s (0.012S in/s/div) 
Time Lines at: O.SO sec intervals 
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Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit 17 

Location: Indian Sleeping Chamber 

Event: 106 Date: 
Air Trigger: 142 dB Seis 

Amplitudes and Frequencies 
Acoustic: 106 dB 0.0 Hz. 
Radial: 0.05 in/s 24.3 Hz. 
Vertical: 0.04 in/s 26.9 Hz. 
Transverse: 0.03 in/s 0.0 Hz. 

7/26/95 Time: 16:21 
Trigger: 0.03 in/s S/N: 17 

Graph Information 
Duration: 0.000 sec To: 4.500 sec 
Acoustic: 0.20 Mb (0.05 Mb/di~) 
Seis: 0.05 in/s (0.0125 in/s/ iv) 
Time Lines at: 0.50 sec inter als 
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niversity of Missouri- o a 

Mechanics and Explosive Research Center 
Crystal Cave Project 

Unit 17 
Location: Indian Sleeping Chamber 

Event: 107 
Air Trigger: 142 dB 

Amplitudes and Frequencies 

Acoustic: 106 dB 0.0- Hz. 
Radial: 0.03 in/s 0.0 Hz. 
Vertical: 0.06 in/s 34.l Hz. 
Transverse: 0.03 in/s 0.0 Hz. 

Date: 7/28/95 Time: 10:09 
Seis Trigger: 0.03 in/s S/N: 17 

Graph Information 

Duration: 0.000 sec To: 4.500 sec 
Acoustic: 0.20 Mb (0.05 Mb/div) 
Seis: 0.06 in/s (0.015 in/s/div) 
Time Lines at: 0.50 sec intervals 
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Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit 17 

Location: Indian Sleeping Chamber 

Event: 108 
Air Trigger: 142 dB 

Amplitudes and Frequencies 
Acoustic: 100 dB 0.0 Hz. 
Radial: 0.05 in/s 20.4 Hz. 
Vertical: 0.05 in/s 17.6 Hz. 
Transverse: 0.04 in/s 22.2 Hz. 

Date: 7/28/95 Time: 16:10 
Seis Trigger: 0.03 in/s S/N: 17 

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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Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit 17 

Location: Indian Sleeping Chamber 

Event: 109 
Air Trigger: 142 dB 

Amplitudes and Frequencies 
Acoustic: 100 dB 0.0 Hz. 
Radial: 0.04 in/s 19.6 Hz. 
Vertical: 0.04 in/s 25.6 Hz. 
Transverse: 0.04 in/s 30.1 Hz. 

I I 

Date: 7/31/95 Time: 16:47 
Seis Trigger: 0.03 in/s S/N: 17 

Graph Information 
Duration: 0.000 sec To: 4.500 sec 
Acoustic: 0.2 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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Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit 17 

Location: Indian Sleeping Chamber 

Event: 110 
Air Trigger: 142 dB 

Amplitudes and Frequencies 
Acoustic: 100 dB 0.0 Hz. 
Radial: 0.03 in/s 0.0 Hz. 
Vertical: 0.06 in/s 20.4 Hz. 
Transverse: 0.04 in/s 36.5 Hz. 

Date: 8/ 1/95 Time: 14:19 
Seis Trigger: 0.03 in/s S/N: 17 

Graph Information 
Duration: 0.000 sec To: 4.500 sec 
Acoustic: 0.20 Mb (0.05 Mb/div) 
Seis: 0.06 in/s (0.015 in/s/div) 
Time Lines at: 0.50 sec intervals 
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Rock Mechanics and Explosives Research Center 

Crystal Cave Project 
Unit 492 

Location: Jacob's Room 

Event: 005 Date: 5/23/95 Time: 17:23 
_____ A_i_r_T_r~igge~_42 dB ___ t3_~_is _ _J~J:g_ge£_:_ __ Q ._9~ __ iE/ __ ~ _____ S/~ __ :_ -~J_? _______________________________________ _ 

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. Seis: 0.05 in/s (0.0125 in/s/div) 
Transverse: 0.02 in/s 51.2 Hz. Time Lines at: 0.50 sec intervals ---- ·------------·-·------------------------------------------------- --- ca-r· i ~-o ;r·----- -·-
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Rock Mechanics and Explosives Research Center 

Crystal Cave Project 
Unit 492 

Location: Jacob's Room 

Event: 007 
Air Tri~ger: 142 dB 

Amplitudes and Frequencies 

Date: 5/30/95 Time: 16:43 
----~-~-i~--~!"-~9.9_~_£: __ 9__:_0_?. ___ i:!?-l~- _____ §L~~----~ ~.? __________ --··----- ... ----·---------- _________ _ 

Graph Information 
Acoustic: O dB 0.0 Hz. 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 Lines at: 0.50 sec intervals 

Radial: 0.015 in/s 0.0 Hz. 
Vertical: 0.04 in/s 42.6 Hz. 
Transverse: 0.015 in/s 0.0 Hz. 
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Rock Mechanics and Explosives Research Center 
Crystal Cave Project 

Unit 492 
Location: Jacob's Room 

Event: 008 Date: 6/ 2/95 Time: 17:28 
1---------------· Air Trigger: -~4~_ dB _____ §_§.:!:_§ __ :r::~·_i_g_g~~_: ___ g_._()_} ___ t.E:_{§l____ _§_[~-=----~}~ ________________ .. __________ _ 

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 Lines at: 0.50 sec intervals 
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l ill versYEy of!VIHrsouri-=-Rolla 
Rock Mechanics and Explosives Research Center 

Crystal Cave Project 
Unit 492 

Location: Jacob's Room 

Event: 010 Date: 6/ 6/95 Time: 17:20 
___________ Air Trig_9e~_:_~~--~---dB ______ 9-~A!3-.. '.1'£~_g_g_~~_: ___ _Q_. Q} ____ ?::!1-l_l?_ ---· -~/-~ __ : __ -~}? __ . _______ ---·-····-··---·· 

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: 0.055 in/s 42.6 Hz. Seis: 0.055 in/s (0.0138 in/s/div) 
Transverse: 0.02 in/s 42.6 Hz. Time Lines at: 0.50 sec intervals 
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Rock Mechanics and Explosives Research Center 

Crystal Cave Project 
Unit 492 

Location: Jacob's Room· 

Event: 011 
Air Trigger: 142 dB 

Date: 6/ 7/95 Time: 17:54 
--~~:h_§____Trigg~-~-_Q_. 03 in/_'.3 __ §jN: _i~~----------·-------------------------

Amplitudes and Frequencies 
Acoustic: 100 dB 0.0 Hz. 
Radial: 0.02 in/s 36.5 Hz. 
Vertical: 0.04 in/s 51.2 Hz. 
Transverse: 0.025 in/s 34.1 Hz. 

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 Lines at: 0.50 sec intervals 

'==----------~---·------------- ·----- - . -- ---- ------------··------------------ -----·--·- ---- -·-ca.1 i-.-02--------

o-=-uus-- ·-:-sus 

1 

Acoustic 
Peak = 17.25 Hz 

0 __ 2[5--510--71s---1--6 0 
~--__!'.'.Eequency (Hz) 

1 

__ //~ 

__,.,__ __ "--------'---·-----------

Cal 0.50 

~tr-1'-"...-vf'L-J'---vJ\......--J\_-------- ------------ _//~ 

"vl~T.f\__f\_ __ _J\ ___ __J.__), ___________ _ 

1--:-uus-----------11--:-5 us---- -----···--·-,..1T:-o us _________________ _J2 . 5 o s 

Fourier Analysis 

Radial 
Peak= 16.75 Hz 

(Amplitude Spectrum) 

Vertical 
Peak= 44.25 Hz 

1 1 

Transverse 
Peak = 17.00 Hz 



n1 versicy-or-Missouri-=-Rcffla ------- ---------------~ 

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 Trig_ger__:_:L_!?_ dB _______ ~~-it? _Tri_g_g_e.E _ _:__9_. Q_~----~r.?:/.~_ -----~L~-=----~~2 _ _ _ ______ . ·--···· _____________ _ 

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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Rock Mechanics and Explosives Research Center 

Crystal Cave Project 
Unit 492 

Location: Jacob's Room 

Event: 016 Date: 6/15/95 Time: 13:30 
-----·-·-····----··--------~ir_Trigger: 14_~ __ c1-B _______ ~~i-~--~!'.'_t9.9E?_~_.: __ Q_:.9.~·-· ~n/_s -· .. S./~.= .... 4.9_2 ....... ··- __ .. 

Amplitudes 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. Seis: 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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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 Tri g_ger _: __ _l_!~ d~------ ~~~ ~---~1:-:_?:__g_g~ r _: ___ q __ '._Q} __ J!:.1/E; ______ ~n_: ____ ~-~-?.- _________ _ 

Amplitudes and Frequencies Graph Information 
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. Time Lines at: 0.50 sec intervals 
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n1vers1ty of M1ssour1---Rolla 
Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit 16 

Location: Hanging Balcony 

Event: 044 Date: 
Air Trigger: 142 dB Seis 

Amplitudes and Frequencies 
Acoustic: 106 dB 0.0 Hz. 
Radial: 0.02 in/s 0.0 Hz. 
Vertical: 0.04 in/s 64.0 Hz. 
Transverse: 0.02 in/s 0.0 Hz. 

7/18/95 Time: 16:51 
Trigger: 0.03 in/s S/N: 16 

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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Rock Mechanics and Explosives Research.Center 

Crystal Cave Project 
Unit 492 

Location: Jacob's Room 

Event: 003 Date: 5/22/95 Time: 14:19 
Air Tri g_ger __:_____!_~~- ____ § ~~§_ __ ]'£~gg_~E__: _____ () __ ._9_~-i~_/'_§ _____ ~L~_:--~-~-? ________ "-- _ ______ ____ __ _ ________________ _ 1--------------------

Ampl i tudes and Frequencies 
Acoustic: O 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. 

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 Lines at: 0.50 sec intervals --- --· -- --- -·-·-----· --- --- ____________ .. ______ ----- ---·------- -------------·-------------- ·--- --- ----__ ,, __ ---- --- ca 1-- -- i--.-o· 4 - -- -------
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Rock Mechanics and Explosives Research Center 

Crystal Cave Project 
Unit 492 

Location: Jacob's Room 

Event: 019 Date: 6/17/95 Time: 9:13 
______________________ Air Tri_g_ge~_:---~-~~--~I? ______ s_~~i;:J __ :rr_tgg~~: . o. _O} ___ i!l[s _______ S/N_:_ 492 _ .. _____ .. 

Amplitudes and Frequencies Graph Information 
A oustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 2.500 sec 
R dial: 0.015 in/s 0.0 Hz. Acoustic: 0.20 Mb (0.05 Mb/div) 
V rtical: 0.035 in/s 51.2 Hz. Seis: 0.05 in/s (0.0125 in/s/div) 
T ansverse: 0.015 in/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 492 
Location: Jacob's Room 

Event: 020 Date: 6/21/95 Time: 18:09 
,_________ __________ Air Tr_ig_ge!:_:____l~l__il:_I? ______ §_~Js ___ '.t~:~_gg_~_:i:::.=. ___ o_.: o~ ___ J_~/_s ___ _§j_~_: ___ Ll:~.2 ___________ _ 

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 -------·------··-···-·----·-·-·-·--·----- --------- ·-·-··-·--··-···-------·------·---------------------- -----ca_r-r:--1y2 -------
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Rock Mechanics and Explosives Research Center 
Crystal Cave Project 

Unit 492 
Location: Jacob's Room 

Event: 021 Date: 6/21/95 Time: 18:18 
Air Trig_ger: 14_2 d!? ___ _§~i.§_'!'~ig_g~_~_: __ O_:_Q} _ _i-_Ej_§ ____ S /N_: ___ ~}-~-------------- ___________________________ _ >---------------

Amplitudes and Frequencies 
Acoustic: 100 dB 0.0 Hz. 
Radial: 0.015 in/s 0.0 Hz. 
Vertical: 0.03 in/s 46.5 Hz. 
Transverse: 0.015 in/s 0.0 Hz. 

~-------------·-----------------------------·-----···---··-- -

ltl-----------------"-----------

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 Lines at: 0.50 sec intervals 
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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 
Air Tri er: 142 dB Seis Tri er: 0.03 in/s S/N: 18 

Amplitudes and Frequencies 

0.0 Hz. Acoustic: 100 dB 
Radial: 0.04 in/s 
Vertical: 0.10 in/s 

73.1 Hz. 
51. 2 Hz. 

Transverse: 0.08 in/s 25.6 Hz. 

Graph Information 

Duration: 0.000 sec To: 12.500 sec 
Acoustic: 0.20 Mb (0.05 Mb/div) 
Seis: 0.10 in/s (0.025 in/s/div) 
Time Lines at: 1.00 sec intervals 
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Rock 
University of Missouri-Rolla 

Mechanics and Explosive Research 
Crystal Cave Project 

Unit 18 
Location: Jacob's Room 

Center 

Event: 217 
Air Tri er: 142 dB 

Date: 7/19/95 
Seis Tri er: 

Time: 16:48 
0.03 in/s S/N: 18 

Amplitudes and Frequencies 

Acoustic: 100 dB 0.0 Hz. 

Graph Information 

Duration: 0.000 sec To: 12.500 sec 
Acoustic: 0.20 Mb (0.05 Mb/div) Radial: 0.07 in/s 26.9 Hz. 

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 

Cal 1.00 
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University of Missouri-Rolla 
Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit 18 

Location: Jacob's Room 

Event: 218 
Air Tri er: 142 dB 

Date: 7 /25/95 
Seis Tri er: 

Time: 16:26 
0.03 in/s S/N: 18 

Amplitudes and Frequencies 

Acoustic: 100 dB 0.0 Hz. 

Graph Information 

Duration: 0.000 sec To: 12.500 sec 
Acoustic: 0.20 Mb (0.05 Mb/div) Radial: 0.04 in/s 26.9 Hz. 

Vertical: 0.06 in/s 39.3 Hz. 
Transverse: 0.04 in/s 34.1 Hz. 

Seis: 0.06 in/s (0.015 in/s/div) 
Time Lines at: 1.00 sec intervals 
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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 
Air Tri er: 142 dB 

Date: 7/26/95 
Seis Tri er: 

T ii:ne : 16 : 2 0 
0.03 in/s S/N: 18 

Amplitudes and Frequencies 

Acoustic: 100 dB 0.0 Hz. 

Graph Information 

Duration: 0.000 sec To: 12.500 sec 
Acoustic: 0.20 Mb (0.05 Mb/div) Radial: 0.06 in/s 34.1 Hz. 

Vertical: 0.06 in/s 42.6 Hz. 
Transverse: 0.07 in/s 32.0 Hz. 

7s 

Seis: 0.07 in/s (0.0175 in/s/div) 
Time Lines at: 1.00 sec intervals 
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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 
Air Tri er: 142 dB 

Date: 7 /28/95 
Seis Tri er: 

Time: 10:09 
0.03 in/s S/N: 18 

Amplitudes and Frequencies 

Acoustic: 100 dB 0.0 Hz. 
Radial: 0.05 in/s 34.l Hz. 

Graph Information 

Duration: 0.000 sec To: 12.500 sec 
Acoustic: 0.20 Mb (0.05 Mb/div) 

Vertical: 0.13 in/s 42.6 Hz. 
Transverse: 0.05 in/s 36.5 Hz. 

7 

Seis: 0.13 in/s (0.0325 in/s/div) 
Time Lines at: 1.00 sec intervals 
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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 
Air Tri er: 142 dB 

Date: 7/28/95 
Seis Tri er: 

Time: 16: 09 
0.03 in/s S/N: 18 

Amplitudes and Frequencies 

Acoustic: 100 dB 0.0 Hz. 
Radial: 0.04 in/s 42.6 Hz. 

Graph Information 

Duration: 0.000 sec To: 12.500 sec 
Acoustic: 0.20 Mb (0.05 Mb/div) 

Vertical: 0.07 in/s 51.2 Hz. 
Transverse: 0.04 in/s 32.0 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: 222 Date: 7/31/95 Time: 16:47 
Air Tri er: 142 dB Seis Tri er: 0.03 in/s S/N: 18 

Amplitudes and Frequencies 

Acoustic: 100 dB 0.0 Hz. 
30 .1 Hz .. Radial: 0.04 in/s 

Vertical: 0.05 in/s 
Transverse: 0.04 in/s 

Graph Information 

Duration: 0.000 sec To: 12.500 sec 
Acoustic: 0.20 Mb (0.05 Mb/div) 
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Rock Mechanics and Explosives Research Center 
Crystal Cave Project 

Unit 492 
Location: Jacob's Room 

Event: 004 Date: 5/23/95 Time: 16:32 
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Crystal Cave Project 
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Location: Exterior 

---------------~ 

Event: 077 Date: 6/ 2/95 Time: 17:24 
Air Trigger: 142 q_~ __ §~~~ T_rig9_er : _ _Q_:__2}_in{§ ___ ~LI:_:"!_:_ __ l_~--- -----------·-·----·-----·-····-------

Amplitudes and Frequencies Graph Information 
Acoustic: 121 dB 32.0 Hz. Duration: 0.000 sec To: 12.500 sec 
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Vertical: 0.05 in/s 18.9 Hz. Seis: 0.05 in/s (0.0125 in/s/div) 
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Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit 20 

Location: LLoyd 1 s Room 

Event: 001 Date: 6/ 2/95 Time: 17:28 
1--___________ A_i_r_T_r_1~·g~g""-e_r_:_l_4_2 __ d_B __ S_e_1_·_s----.T_r~isr_ger: 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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niversity of Missouri~-i=a 
Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit 20 

Location: LLoyd's Room 

Event: 004 
Air Trigger: 142 dB 

Date: 6/17/95 Time: 9:13 
Seis Trigger: 0.03 in/s S/N: 20 

Amplitudes and Frequencies 
Acoustic: 100 dB 0.0 Hz. 
Radial: 0.02 in/s 0.0 Hz. 
Vertical: 0.03 in/s 0.0 Hz. 
Transverse: 0.02 in/s 0.0 Hz. 
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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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Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit 20 

Location: LLoyd's Room 

Event: 005 Date: 6/19/95 Time: 18:39 
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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Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit 20 

Location: LLoyd's Room 

Event: 006 Date: 
Air Trigger: 142 dB Seis 

Amplitudes and Frequencies 
Acoustic: 100 dB 0.0 Hz. 
Radial: 0.02 in/s 0.0 Hz. 
Vertical: 0.03 in/s 0.0 Hz. 
Transverse: 0.02 in/s 0.0 Hz. 

Lil 1111 

6/21/95 Time: 18:18 
Trigger: 0.03 in/s S/N: 20 

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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Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit 20 

Location: LLoyd's Room 

Event: 007 
Air Trigger: 142 dB 

Amplitudes and Frequencies 
Acoustic: 100 dB 0.0 Hz. 
Radial: 0.02 in/s 0.0 Hz. 
Vertical: 0.03 in/s 0.0 Hz. 
Transverse: 0.02 in/s 0.0 Hz. 

Date: 7/ 1/95 Time: 12:35 
Seis Trigger: 0.03 in/s S/N: 20 

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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Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit 20 

Location: LLoyd's Room 

Event: 008 
Air Trigger: 142 dB 

Amplitudes and Frequencies 
Acoustic: 100 dB 0.0 Hz. 
Radial: 0.02 in/s 0.0 Hz. 
Vertical: 0.03 in/s 0.0 Hz. 
Transverse: 0.03 in/s 0.0 Hz. 

Date: 7/ 5/95 Time: 17:25 
Seis Trigger: 0.03 in/s S/N: 20 

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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Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit 20 

Location: LLoyd's Room 

Event: 009 
Air Trigger: 142 dB 

Amplitudes and Frequencies 
Acoustic: 100 dB 0.0 Hz. 
Radial: 0.02 in/s 0.0 Hz. 
Vertical: 0.03 in/s 0.0 Hz. 
Transverse: 0.03 in/s 0.0 Hz. 

Date: 7/ 6/95 Time: 18:22 
Seis Trigger: 0.03 in/s S/N: 20 

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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niversi y o issouri~OI a 
Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit 20 

Location: LLoyd's Room 

Event: 010 Date: 
Air Trigger: 142 d~ Seis 

Amplitudes and Frequencies 
Acoustic: 100 dB 0.0 Hz. 
Radial: 0.02 in/s 0.0 Hz. 
Vertical: 0.03 in/s 0.0 Hz. 
Transverse: 0.03 in/s 0.0 Hz. 

·~-------~""' lllTl!J!\l.L'lll.----i',IT/litlll 

7/ 7/95 Time: 17:51 
Trigger: 0.03 in/s S/N: 20 

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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niversi y o issouri-Rolla 
Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit 20 

Location: LLoyd's Room 

Event: 011 Date: 
Air Trigger: 142 dB Seis 

Amplitudes and Frequencies 
Acoustic: 100 dB 0.0 Hz. 
Radial: 0.03 in/s 0.0 Hz. 
Vertical: 0.03 in/s 0.0 Hz. 
Transverse: 0.03 in/s 0.0 Hz. 

·~~---~·l___JillJLJ[UlJl!fU I 

7/10/95 Time: 17:23 
Trigger: 0.03 in/s S/N: 20 

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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niversi y o issouri-Ro a 
Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit 20 

Location: LLoyd's Room 

Event: 012 
f--~--~-~--- Air Trigger: 142 dB 

Date: 7/11/95 Time: 17:31 
-~is _Trig_ger ~- 03_ in/§___ S/N: 20 ______________________________ _ 

Amplitudes and Frequencies 
Acoustic: 100 dB 0.0 Hz. 
Radial: 0.02 in/s 0.0 Hz. 
Vertical: 0.04 in/s 16.0 Hz. 
Transverse: 0.02 in/s 0.0 Hz. 

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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1B25 Event: 012 Date: 6/ 2/95 Time: 17:27 

Air Trigger: 14 8 dB Se~-~--::!'~ig_g_~r __: ____ ~--~ Q~----~E:/.§. _____ ~-l~-=---~ ~-1- ____________________ --···· __ . _____ ·----· 
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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University of!Vfissouri----=ROTia 
Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit 20 

Location: LLoyd's Room 

Event: 014 Date: 
Air Trigger: 142 dB Seis 

7/14/95 Time: 16:18 
Trigger: 0.03 in/s S/N: 20 

Amplitudes and Frequencies 
Acoustic: 106 dB 0.0 Hz. 

Graph Information 
Duration: 0.000 sec To: 4.500 sec 
Acoustic: 0.20 Mb (0.05 Mb/div) 
Seis: 0.09 in/s (0.0225 in/~/div) 
Time Lines at: 0.50 sec intervals 

Radial: 0.05 in/s 32.0 Hz. 
Vertical: 0.06 in/s 46.5 Hz. 
Transverse: 0.09 in/s 39.3 Hz. 
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niversity of Missouri-RoI a 
Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit 20 

Location: LLoyd's Room 

Event: 015 Date: 
Air Trigger: 142 dB Seis 

Amplitudes and Frequencies 
Acoustic: 100 dB 0.0 Hz. 
Radial: 0.04 in/s 42.6 Hz. 
Vertical: 0.06 in/s 22.2 Hz. 
Transverse: 0.08 in/s 39.3 Hz. 

7/15/95 Time: 14:29 
Trigger: 0.03 in/s S/N: 20 

Graph Information 
Duration: 0.000 sec To: 4.500 sec 
Acoustic: 0.20 Mb (0.05 Mb/div) 
Seis: 0.08 in/s (0.02 in/s/div) 
Time Lines at: 0.50 sec intervals 
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niversi y o issouri- o a 
Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit 20 

Location: LLoyd's Room 

Event: 016 Date: 
Air Trigger: 142 dB Seis 

Amplitudes and Frequencies 
Acoustic: 100 dB 0.0 Hz. 
Radial: 0.03 in/s 0.0 Hz. 
Vertical: 0.04 in/s 64.0 Hz. 
Transverse: 0.04 in/s 39.3 Hz. 

7/17/95 Time: 16:36 
Trigger: 0.03 in/s S/N: 20 

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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niversi y o issouri- o a 
Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit 20 

Location: LLoyd's Room 

Event: 017 Date: 
Air Trigger: 142 dB Seis 

Amplitudes and Frequencies 
Acoustic: 100 dB 0.0 Hz. 
Radial: 0.02 in/s 0.0 Hz. 
Vertical: O.OS in/s 18.9 Hz. 
Transverse: 0.03 in/s 0.0 Hz. 

7/18/9S Time: 16:S2 
Trigger: 0.03 in/s S/N: 20 

Graph Information 
Duration: 0.000 sec To: 4.SOO sec 
Acoustic: 0.20 Mb (O.OS Mb/div) 
Seis: O.OS in/s (0.012S in/s/div) 
Time Lines at: O.SO sec intervals 
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niversi y o issouri- o a 
Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit 20 

Location: LLoyd's Room 

Event: 018 Date: 
Air Trigger: 142 dB Seis 

7/19/95 Time: 16:49 
Trigger: 0.03 in/s S/N: 20 

Amplitudes and Frequencies 
Acoustic: 100 dB 0.0 Hz. 
Radial: 0.03 in/s 0.0 Hz. 
Vertical: 0.05 in/s 46.5 Hz. 
Transverse: 0.05 in/s 42.6 Hz. 

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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n1vers1ty of Missouri-=ROI a 
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: ·o.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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niversi y o issouri---=ROTia 
Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit 20 

Location: LLoyd's Room 

Event: 020 Date: 
Air Trigger: 142 dB Seis 

Amplitudes and Frequencies 
Acoustic: 100 dB 0.0 Hz. 
Radial: 0.04 in/s 42.6 Hz. 
Vertical: 0.05 in/s 64.0 Hz. 
Transverse: 0.04 in/s 42.6 Hz. 

7/26/95 Time: 16:21 
Trigger: 0.03 in/s S/N: 20 

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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niversi y o issouri- oI a 
Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit 20 

Location: LLoyd's Room 

Event: 021 Date: 
Air Trigger: 142 dB Seis 

!-----------------~ 

7/28/95 Time: 10:10 
Trig_ger: 0.03 in/s S/N: 20 

Amplitudes and Frequencies 
Acoustic: 106 dB 0.0 Hz. 
Radial: 0.04 in/s 46.5 Hz. 
Vertical: 0.04 in/s 56.8 Hz. 
Transverse: 0.05 in/s 42.6 Hz. 

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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niversity of Missouri-Rolla 
Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit 20 

Location: LLoyd's Room 

Event: 022 Date: 
Air Trigger: 142 dB Seis 

7/28/95 Time: 16:11 
Trigger: 0.03 in/s S/N: 20 

Amplitudes and Frequencies 
Acoustic: 100 dB 0.0 Hz. 
Radial: 0.02 in/s 0.0 Hz. 
Vertical: 0.04 in/s 16.0 Hz. 
Transverse: 0.03 in/s 0.0 Hz. 

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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n1vers1 y o issouri- 6 a 
Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit 20 

Location: LLoyd 1 s Room 

Event: 023 
Air Trigger: 142 dB 

Amplitudes and Frequencies 
Acoustic: 100 dB 0.0 Hz. 
Radial: 0.03 in/s 0.0 Hz. 
Vertical: 0.05 in/s 51.2 Hz. 
Transverse: 0.04 in/s 34.l Hz. 

Date: 7/31/95 Time: 16:48 
Seis Trigger: 0.03 in/s S/N: 20 

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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University oJ::rvrtssouri-=ROTia 
Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit 20 

Location: LLoyd's Room 

Event: 024 Date: 8/ l/9S Time: 14:20 
Trigger: 0.03 in/s S/N: 20 Air Trigger: 142 dB Seis 

Amplitudes and Frequencies 
Acoustic: 100 dB 0.0 Hz. 
Radial: 0.02 in/s 0.0 Hz. 
Vertical: O.OS in/s S6.8 Hz. 
Transverse: 0.04 in/s 42.6 Hz. 

Graph Information 
Duration: 0.000 sec To: 4.SOO sec 
Acoustic: 0.20 Mb (O.OS Mb/div) 
Seis: O.OS in/s (0.012S in/s/div) 
Time Lines at: O.SO sec intervals 
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n1 versii:y-of-Missour1=RC5lla ___ ·------- -----------------
Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit 18 

Location: Exterior 

Event: 078 Date: 6/ 5/95 Time: 15:25 
_____ A_i_r __ T_r_1~· g_ger: 142 _d_B ___ S_e_is T~ig_ger: O. 03 i~L~----S/_~.:__l8 _______ . ____________ . __________ _ 

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. 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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uni vers ic"""y-of-Missouri-=RolTa _______ _ 
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 

·-··------------·-·--······A.ffii;)iitlid:es--a:n:a.--:Freque~cies ---- · ·· Graph rnformation 

Acoustic: 110 dB 0.0 Hz. Duration: 0.000 sec To: 12.500 sec 
Radial: 0.03 in/s o.o 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. Time Lines at: 1.00 sec intervals 
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Fourier Analysis (Amplitude Spectrum) 
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Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit 18 

Location: Exterior 

Event: 080 Date: 6/ 7/95 Time: 17:53 
-----------------·-- _________ 1\-_:hE.-~~-~gger_:_~-~-~-_§_l?_ .. _§_§_~~- _ T_~tgg~~-: .. _q_ '._O} __ i11f s .... _ -~/1.1_:_ ___ ~8 _ 

Amplitudes and Frequencies 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 ·--·------------·-----·- ----------·-------------------·- -- ----·- -------------------------------------- ----- --------- .. ---·ca1··- a··: 9 s-----------
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Fourier Analysis (Amplitude Spectrum) 
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Uni versil::yof--M1ssmir'l=Rolla-
Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit 18 

Location: Exterior 

Event: 081 Date: 6/ 9/95 Time: 16:16 
___ A_i_r_ Trig_ger: _!_'!_~_dB ___ ~-~iEJ_'J;'Ei99~!:_: __ 9_:_ Q_~ __ i_i:!/_E) ____ ~j~_:_ __ ~~--- ____________________ ·----------------

Amplitudes and Frequencies Graph Information 
Acoustic: 112 dB 73.l 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 intervals 
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Fourier Analysis (Amplitude Spectrum) 

Radial Vertical Transverse 
Peak= 26.94 Hz Peak= 53.81 Hz Peak = 26.81 Hz 
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Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit 18 

Location: Exterior 

Event: 208 
Air Tri~ger: 142 dB 

Date: 6/12/95 Time: 17:22 
_..§§:.is _'l:_~~_g_ge !:_:_Q_:_Q~-~!!l~- S /!iI_: __ 18 ~------- ------------·- _____ _ 

Amplitudes and Frequencies 
Acoustic: 123 dB 12.8 Hz. 
Radial: 0.12 in/s 51.2 Hz. 
Vertical: 0.10 in/s 64.0 Hz. 
Transverse: 0.06 in/s 26.9 Hz. 

Graph Information 
Duration: 0.000 sec To: 12.500 sec 
Acoustic: 0.28 Mb (0.07 Mb/div) 
Seis: 0.12 in/s (0.03 in/s/div) 
Time Lines at: 1.00 sec intervals 
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Fourier Analysis (Amplitude Spectrum) 
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Peak = 39.00 Hz Peak = 68.00 Hz Peak = 79.75 Hz 
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Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit 18 

Location: Exterior 

Event: 209 Date: 6/14/95 Time: 16:29 
1-----------------------~ir_Jr}:_g:_9~!:_:_}-_4~ __ s!? _______ §_~_is_}'_r.-::~gg~:r::_: O .03 _tn/~ ______ §[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 o .. o 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 

-------------

=--.'ll"-------
'r-1~~"" 
os rs--12s---J-9·---1Lrs---'5"Er---16s·----------'79·--------1ss----------'99------ 1109-- -- 11Ts -- - '12s· 

Fourier Analysis (Amplitude Spectrum) 
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Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit 18 

Location: Exterior 

Date: 6/14/95 Time: 16:53 
Se is :r~_-ig_g~£.:__Q_:_q} __ ~nbL __ .!}_LN_.:_ __ 18 ______ . __ -------------·-- -···-·--·-· ______ _ 

Event: 210 
f----------- Air Trig_ger: 142 dB 

Amplitudes and Frequencies 
Acoustic: 128 dB 7.0 Hz. 
Radial: 0.02 in/s 0.0 Hz. 
Vertical: 0.06 in/s 51.2 Hz. 
Transverse: 0.04 in/s 56.8 Hz. 

· Graph Information 
Duration: 0.000 sec To: 12.500 sec 
Acoustic: 0.48 Mb (0.12 Mb/div) 
Seis: 0.06 in/s (0.015 in/s/div) 
Time Lines at: 1.00 sec intervals 
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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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Mechanics and Explosive Research 
Crystal Cave Project 

Unit 18 
Location: Exterior 

Center 

Event: 211 
Air Trig_ger: 142 dB 

f----------------~ 

Date: 6/15/95 Time: 13.:29 
S~is_T~i_gger :_o~ . .9~- i!J:j_~ ____ §/N: _ 18 ______________ -----·--····- ----·---·-----·--

Amplitudes and Frequencies 
Acoustic: 112 dB 8.1 Hz. 
Radial: 0.04 in/s 39.3 Hz. 
Vertical: 0.05 in/s 56.8 Hz. 
Transverse: 0.03 in/s 0.0 Hz. 
I=----------~-----------·-------·· 

Graph Information 
Duration: 0.000 sec To: 12.500 sec 
Acoustic: 0.20 Mb (0.05 Mb/div) 
Seis: 0.05 in/s (0.0125 in/s/div) 
Time Lines at: 1.00 sec intervals ----------------- --··-·---·------------------ ---·--- ·-- car--5-_-·9 ir-·-
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Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit 19 

Location: Indian Sleeping Chamber 

Event: 016 Date: 
Air Trigger; 142 dB Seis 

Amplitudes and Frequencies 
Acoustic: 100 dB 0.0 Hz. 
Radial: 0.05 in/s 23.2 Hz. 
Vertical: 0.07 in/s 30.1 Hz. 
Transverse: 0.04 in/s 19.6 Hz. 

7/13/95 Time: 16:38 
Trigger: 0.03 in/s S/N: 19 

Graph Information 
Duration: 0.000 sec To: 2.500 sec 
Acoustic: 0.20 Mb (0.05 Mb/div) 
Seis: 0.07 in/s (0.0175 in/s/div) 
Time Lines at: 0.50 sec intervals 
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· NON-BLAST TRIGGERS 
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---- university of Missouri-Rol ra: - -- ------- --- -- ------- ---- -- ----- -------- - - - - -
Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit16 

Location: Hanging Balcony 
Non-blast Trigger 

Event: 001 Date: 5/14/95 Time: 8:32 
___________ ------------~:h!~_IE:!_99~F_:___ __ ~-~~ __ 9:I3 ________ §~i§ __ T!igg~J: : __ Q _~_9_? ~!1/Ei ___ ~_/N _: ____ ~§ ___________ _ 
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 85.3 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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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 . 
--------------- ----- -· - ··------------~i~--1:~-~-gg~~_: ___ ~~? ___ ~13 _Se~~_ Tr~gger: 0.()_?_~i:i/~ _____ §_/!'l_'._ 21 _____________ -------------·--

m-­x· -
1· ··-
tO-

Amplitudes and Frequencies 

Acoustic: 116 dB 170.6 Hz. 
Radial: 0.03 in/s 0.0 Hz. 
Vertical: 0.06 in/s 170.6 Hz. 
'I'.ransverse: 0.04 in/s 2.6 Hz. 

Graph Information 

Duration: 0.000 sec To: 4.500 sec 
Acoustic: 0.20 Mb (0.05 Mb/div) 
Seis: 0.06 in/s (0.015 in/s/div) 
Time Lines at: 0.50 sec intervals ---- ca.r·--r: 62 ________ _ 

__ /,,..-··-,,~ 

Cal 0.52 
__ /~ 

Cal 0.51 

=-,-1-IT!!I·~ M llllvl/ll'J.Jlf"------------1--rr r-N 111\JVfW-' "JllUIT- llllll If' lllllMWRI 'IUHI' 1'1'11 I ""U Ii l!'IT" "T ru Ir·· y- 1-·--1·---1n1 lllf"l IJ1/ ll·"·-rn-rr·--- n 11 1 ·111'· 
/~ 

__ / ~_,,/ 

Cal 0.52 

~---111 .. 111111··11 1 J. 1 .111 1··· 1111--tr1._r--i._ .. __ 1u--·1_r·rn1r--1r 111·n--11·--11 ·111 rm 11 1111 uu rnn ·r· 11 r r -- ·1u 11n·11··1~ -,---------,···n--111·- .. v-

·~ 111 

_//~/ 
,,, 

o-:-oos-·-·--'o:sos·-------·-l1~oos··-------'r.sos· ·· 12.oos·· 12.sos 13·.008 13.508· 14.oos· 14.sos 
-'-=-"-""-----'~-=~"-=----"'-'-'"-"'--=----=--'--=-=-.!o~-------l 

1 

Acoustic 
Peak = 0.88 Hz 

1 ·-· 

FourierAnal-y:sis (Amplitude Spectrum) 

Radial Vertical 
Peak = 8.88 Hz Peak = 0.88 Hz 

1 

~u~~,f1 I ~~}~l~l,~\M~~,A~\,{~~·\\1"~~1 
0 d · · 2s -- so· · 75· · 100 

Frequency (Hz) 
. . . 

1 

Transverse 
Peak = 1. 00 Hz 



----------- - ----- ------- -----· un.i versi ty of -Missouri ...:Ro11a. ·· - -------------- --- --- - -- --- ---- ·-- --- ------- --- --- ------------­
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 
___________________________ -~~~ _::i;:_~}:_gg~_!-:_: __ ~_42 ___ 9~- _ ~eis _Trigger: O. _05 in/ s _ S._/N : ___ 21 ____ ... 

Amplitudes and Frequencies Graph Information 
Acoustic: O 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. 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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Rock Mechanics 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 
___ ---·--·--·-- ___ !\:!!:. __ 1:'E!99:~!:.:. ___ ~4-~-~~------~~~§. ___ T_E.~99~E.'. ___ Q_:_Q_~---~!!/ s S/N: 1 7 _____________ , 

Amplitudes and Frequencies Graph Information 
Acoustic: 0 dB Q_O 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 Lines at: O. 50 sec intervals 
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Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit16 

Location: Hanging Balcony 
Non-blast Trigger 

Event: 002 Date: 6/ 1/95 Time: 16:25 
.. - - -- --·-·· ---· ·-·· -- ·-~~£_.J~_~gg.~E_= __ ~~~--9? ____ ,,, ?~J~ T!:.~99~~-~--9_.:,_Q} _ _i_Ej_S S/N: 16 

Amplitudes and Frequencies 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 -- I\ ~---- \ '\ . -·- -- - ------. ·---- -- ------ ··-· ----~ ~-------- ---- ------~~.,, ~,_ •. ·---· -----~- -· 1 '·, __ ·-, .. , / "- -~ .J ~--' f\ /\! \ 
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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 
____________________ . ---·-· ------·------~i!' ___ Tri:gg~!:_~-- .~!? ____ ?:~--- __ §.~~_? __ ::CE~99~E-~ ____ Q_.:_Q~ __ _i_g/ s __ §_jN __:__i7 _ 

Amplitudes and Frequencies Graph Information 

Acoustic: O 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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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 
······-- -------·----~~~--~Ei:9"9~~_.:_---~-LI:~.--?:~ ___ §_~~~-- ~E.~99.~~-=. __ Q_~_Q~_i~L~---S/:f:.!_:__1 7 

Amplitudes and Frequencies Graph Information 
Acoustic: O 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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Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit 17 

Location: Indian Sleeping Chamber 
Non-blast Trigger 

Event: 017 Date: 6/20/95 Time: 15:30 
·····-··-·-····- _ _ _ Air _I:r::~gg~:i:- :_ 1:4} <i? .... __ §e:i:13-_ ~:r::_!_gg~F_:_ __ Q.:_9.~--~~f_~ _ ___§L~:__;!-_~------------·------

Ampli tudes 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/ iv) 
Vertical: 0.02 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/ /div) 
Transverse: 0.04 in/s 170.6 Hz. Time Lines at: 0.50 sec int rvals 
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Mechanics and ·Explosive Research Center 
Crystal Cave Project 

Unit 17 
Location: Indian Sleeping Chamber. 

Non-blast Trigger 
Event: 018 

---------···-·--··--·----·---·---~-!:_~ __ Tr iggeE_: 14 2 dB 
Date: 6/20/95 Time: 15:32 

Seis T_!._!gg~E._~_Q_:..03 in/s S/N: 17 
Amplitudes and Frequencies 

Acoustic: 0 dB 0.0 Hz. 
Radial: 0.01 in/s 0.0 Hz. 
Vertical: 0.02 in/s 0.0 Hz. 
Transverse: 0.04 in/s 170.6 Hz. 

----

Graph Information 
Duration: 0.000 ~ec 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 

Cal 0.48 
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Rock Mechanics and Explosives Research Center 

Crystal Cave Project 
Unit 21 

Location: Entrance 
Non-blast triggers 

Event: 009 
____ ]\_~_:L _T:r~gg~r_: __ -~-42 ?? 

Date: 6/ 9/95 Time: 18:01 
Se is ·r~_~gge_:r: _ O _._9_3 ___ ~!"l{s _____ ~.!l:l_: __ -~-~ __ ___ __ _ -·· ---····--·--·· ·-·· __ ······--··-------

Amplitudes and Frequencies 

Acoustic: O dB 0.0 Hz. 
Radial: 0.05 in/s 5.3 Hz. 
Vertical: 0.05 in/s 6.1 Hz. 
Transverse: 0.06 in/s 5.8 Hz. 

Graph Information 

Duration: 0.000 sec To: 4.500 sec 
Acoustic: 0.20 Mb (0.05 Mb/div) 
Seis: 0.06 in/s (0.015 in/s/div) 
Time Lines at: 0.50 sec intervals 
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Rock Mechanics and Explosives Research Center 
Crystal Cave Project 

Unit 21 
Location: Entrance 
Non-blast triggers 

Event: 010 
_________________ ---------~~F. '.f~~gg~F_: _14~ _ciB 

Date: 6/12/95 Time: 10:47 
Seis T:r:~gger: 0. 03._ i.r1/s _ ___?/~_: 21 

Amplitudes and Frequencies 
Acoustic: 114 dB 28.4 Hz. 
Radial: 0.07 in/s 64.0 Hz. 
Vertical: 0.06 in/s 85.3 Hz. 
Transverse: 0.09 in/s 85.3 Hz. 

Graph Information 
Duration: 0.000 sec To: 4.500 sec 
Acoustic: 0.20 Mb (0.05 Mb/div) 
Seis: 0_09 in/s (0.0225 in/s/div) 
Time Lines at: 0.50 sec intervals 
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Rock Mechanics and Explosive Research Center 
Crystal Cave Project 

Unit16 
Location: Hanging Balcony 

Non-blast Trigger 
Event: 005 Date: 6/12/95 Time: 17:45 

... -~et~ T~_~gg~! : __ o_:_~}_ ~11.l~---~lN_~_ 16 ________________________ ····----·--· .... Air Trigg~F :_. 142 dB 
Amplitudes and Frequencies 

Acoustic: 100 dB 0.0 Hz. 
Radial: 0.02 in/s 0.0 Hz. 
Vertical: 0.04 in/s 73.1 Hz. 
Transverse: 0.02 in/s 0.0 Hz. 

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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Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit16 

Location: Hanging Balcony 
Non-blast Trigger 

Event: 007 Date: 6/16/95 Time: 10:11 
____ A~:i:-:-~E.i.9"98.r_: _ 14:2 _d~ _ SE;i.S Tri.gge_r :_ 0: 93 ~_Tl/§ ______ §f.J:-!_:_ __ !? __________________ _ 

Amplitudes and Frequencies · Graph Information 
Acoustic: 100 dB 0.0 Hz. 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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Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit16 

Location: Hanging Balcony 
Non-blast Trigger 

Event: 008 Date: 6/16/95 Time: 10:14 
... -··· ______________ .l\~ ~---'!:!"i::S9e r _:_ --~ '! ~---~53 _______ ~.E3.i- ~ --~~-~gg~ r~ ___ o . o 3 ___i~l ~ _ _§_{_N : _ 16 ---------------------l 

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 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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Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unitl6 

Location: Hanging Balcony 
Non-blast Trigger 

Event: 009 Date: 6/16/95 Time: 13:01 
______________ ___ ___ _ __________ ---~~~ ___ _I:!'.:_~_g:ger ___: __ ~~-~---?!? _____ _§~_~§---~~~_gg~_!::__Q_.:_Ql__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: 0.05 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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Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit 17 

Location: Indian Sleeping Chamber 
Non-blast Trigger 

Event: 022 Date: 6/20/9S Time: 1S:40 
_________ ..... ·----·- ·-·--··· ___________ .. ___ A~E ___ '!'.£~g9~E_:___1._~~- ?~-- ... ~e~_~ ___ TE_~~g~E: ____ O._.:..Q~-- :!:.!1-1_~-- S/B__:____!2 _____________________ _ 

Amplitudes and Frequencies Graph Information 
Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.SOO sec 
Radial: 0.03 in/s 0.0 Hz. Acoustic: 0.20 Mb (O.OS Mb/div) 
Vertical: 0.04 in/s 170.6 Hz. Seis: 0.07 in/s (0.017S in/s/div) 
Transverse: 0.07 in/s S.4 Hz. Time Lines at: O.SO sec intervals 
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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 
-------·----··----·------------------Ai~_Iri_g:ger ~-~!~. dB __ _§~:!:_~_TE_:!:93~r _:__Q_~_Ql__ in/ s S/N: l 7 ________ _, 

Amplitudes and Frequencies Graph Information 
Acoustic: o 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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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 
____________________________________ Air_ Trigger: 142 _9~ _____ .§_~i:~ __ T~igg:.'=E__:__ _ _Q_ _ _:___ 03 in/ s S/N: 1 7 

Amplitudes and Frequencies Graph Information 
Acoustic: O 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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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 
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Amplitudes and Frequencies Graph Information 

Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec 
Radial: 0.01 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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Rock Mechanics and Explosive Research Center 
Crystal Cave Project 

Unit 17 
Location: Indian Sleeping Chamber 

Non-blast Trigger 
Event: 026 Date: 6/20/95 Time: 15:48 

__ . _ . _ .. __ !1-~E __ '!'_:i::_~gg~~-:. !~? ___ ~?. __ . _§)~~-i3 ___ TE~99~E.:. ___ 2_..: 03 __ .?.:_n_{~ __ SLN: __!_? _______________ _ 
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: 0.65 in/s {0.0125 in/s/div) 
Transverse: 0.04 in/s 170.6 z. Time Lines at: 0.50 sec intervals 
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Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit 17 

Location: Indian Sleeping Chamber 
Non-blast Trigger 

Event: 027 Date: 6/20/95 Time: 15:50 
__________________ --------------------~~E __ '.!'~ig:ger : ___ ~!~-~~---§~-~~ _ _'I'E_igg~~~ 03 i~/ s S/N: 1_? ___________ _ 

Amplitudes and Frequencies Graph Information 

Acoustic: O 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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Ro ck Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit 17 

Location: Indian Sleeping Chamber 
Non-blast Trigger 

Event: 028 .Date: 6/20/95 Time: 15:52 
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Amplitudes and Frequencies Graph Information 
Acoustic: 0 dB 0.0 Hz. 
Radial: 0.03 in/s 0.0 Hz. 
Vertical: 0.04 in/s 5.3 Hz. 
Transverse: 0.06 in/s 6.8 Hz. 

Duration: 0.000 sec To: 4.500 sec 
Acoustic: 0.20 Mb (0.05 Mb/div) 
Seis: 0.06 in/s (0.015 in/s/div) 
Time Lines at: 0.50 sec intervals 
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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 
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Amplitudes and Frequencies Graph Information 
Acoustic: O 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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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 

·-----··-------------~~~-_Tr~_gg~~-:--~~-~---~~- -~~-~-~---T~i:99~~-~--o. 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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Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit 17 

Location: Indian Sleeping Chamber 
Non-blast Trigger 

Event: 031 Date: 6/20/95 Time: 15:58 
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Amplitudes and Frequencies Graph Information 
A8oustic: 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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Rock Mechanics and Explosive Research Center 
Crystal Cave Project 

Unit 17 
Location: Indian Sleeping Chamber 

Event: 032 
_________________________ Air Trigger: 14 2 dB 

Amplitudes and Frequencies 
Acoustic: 0 dB 0.0 Hz. 
Radial: 0.01 in/s 0.0 Hz. 
Vertical: 0.02 in/s 0.0 Hz. 
Transverse: 0.04 in/s 170.6 Hz. 

Non-blast Trigger 
Date: 6/20/95 Time: 16:00 

~eis Trigger: 0.03 in/s S/N: 17 
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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Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit 17 

Location: Indian Sleeping Chamber 

Event: 033 
---··---···--· -·-·----····--·--------~ir Trigger: 142 dB 

Non-blast Trigger 
Date: 6/20/95 Time: 16:02 

Se is TEigger :_ O. 03 in/ s S/N: 1 7 
·---'--------------~ Graph Information Amplitudes and Frequencies 

Acoustic: O dB 0.0 Hz. 
Radial: 0.01 in/s 0.0 Hz. 
Vertical: 0.02 in/s 0.0 Hz. 
Transverse: 0.04 in/s 170.6 Hz. 
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Duration: 0.000 sec To: 4.500 sec 
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Time Lines at: 0.50 sec intervals 
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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 

_________ . ____________________ --~~E _ _Iri:g_g_er _:__!'!_~_9.B _____ §~~-~--T~_~g_g__~_~_:___O. 03_ in/ s S/N: 1 7 _ --------------
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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Rock Mechanics and Explosive Research Center 
Crystal Cave Project 

Unit 17 
Location: Indian Sleeping Chamber 

Non-blast Trigger 
Event: 035 Date: 6/20/95 Time: 16:06 

_____________ _ _ ______________________ ~i:!:___Irigg_er: _!~-~--~~-----~~is ___ ':!:'!:=:i:99_~_r: _ _9___'._Q~ in/ s S/N: 1 7 
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 3.5 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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Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit 17 

Location: Indian Sleeping Chamber 

Event: 036 
________________________________ J?.ir Trigg_~!"_:_ 142 dB 

Amplitudes and Frequencies 

Non-blast Trigger 
Date: 6/20/95 Time: 16:08 

__ _§.~is T_~i9g:er_2 __ _Q_. 03 in/s S/N: 17 
Graph Information 

Acoustic: O dB 0.0 Hz. 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 

Radial: 0.01 in/s 0.0 Hz. 
Vertical: 0.02 in/s 0.0 Hz. 
Transverse: 0.04 in/s 170.6 Hz. 
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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 

________________________________ Air Trigger_:____l:42 ___ dB ___ _§_~:i:-~ ___ T!:_~SI9:~E_: 0. 03 in/ s S/N: 1 7 
Amplitudes and Frequencies Graph Information 

Acoustic: O 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. T'me Lines at: 0.50 sec intervals 

------- ---------------------

~--- ---- ---· - --- ---1--- _ _.----. -- ----- - JU _111 _ - ------------------------ - - ------- --- ----------------- --- ----- ----------------------

T 1 . r· 1 1 _____ 

1 
___ 11 ________________ 1111111•1uL ____ -------------r-------------, __ T ________________________________________ J_ ________________________ _ 

o-:-uus __ . ----'o--:-sos _____ Jr~-O-ffs _ ___11---:-sus ______ i2-~-ffOs-----'z-:-sos _____ 1T~-DU s 3 . 5 0 s 

Cal 0.48 

~ 

Acoustic 
Peak= 0.00 Hz 

Fourier Analysis 

Radial 
Peak= 0.88 Hz 

(Amplitude Spectrum) 

Vertical 
Peak = 1.13 Hz 

Transverse 
Peak = 0.88 Hz 

1 1 1 1 



--------------------------------un:ive:rsit:y--0f- Miss-ourr=R011a:---------------------------------------­
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 
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Amplitudes and Frequencies Graph Information 
Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec 
Radial: 0.01 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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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 
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Amplitudes and Frequencies Graph Information 

Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec 
Radial: 0.01 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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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 
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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: 0.04 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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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 
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Amplitudes and Frequencies Graph Information 
Acoustic: O 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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Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit 17 

Location: Indian Sleeping Chamber 
Non-blast Trigger 

Event: 042 Date: 6/20/95 Time: 16:20 
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Amplitudes and Frequencies Graph Information 
Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec 
Radial: 0.01 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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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 
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Amplitudes and Frequencies Graph Information 

Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec 
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Rock Mechanics and Exp'losive Research Center 

Crystal Cave Project 
Unit 17 

Location: Indian Sleeping Chamber 
Non-blast Trigger 

Event: 044 Date: 6/20/95 Time: 16:24 
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Amplitudes and Frequencies Graph Information 
Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec 
Radial: 0.01 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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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 
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Amplitudes and Frequencies Graph Information 

Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec 
Radial: 0.01 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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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 
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Amplitudes and Frequencies Graph Information 
Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec 
Radial: 0.01 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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Ro ck 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 
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Amplitudes and Frequencies Graph Information 
Acoustic: O 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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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 
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Amplitudes and Frequencies Graph Information 
Acoustic: O 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 sec intervals 
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Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit 17 

Location: Indian Sleeping Chamber 
Non-blast Trigger 

Event: 049 Date: 6/20/95 Time: 16:34 
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Amplitudes and Frequencies Graph Information 
Acoustic: O 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) 
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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 
______ -·----··-·---·- __________________ _?..ir _ Trig_ger~ 142 d~ __ _§~_is Trigge_r: 0. 03 in/ s ___ S_/_N_: __ l_7 _____________ ---1 

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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Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit l7 . 

Location: Indian Sleeping Chamber 
Non-blast Trigger 

Event: 051 Date: 6/20/95 Time: 16:38 
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Amplitudes and Frequencies Graph Information 

Acoustic: O dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec 
Radial: 0.01 in/s 0.0 Hz. Acousti : 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 Li es at: 0.50 sec intervals 
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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 
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Amplitudes and Frequencies Graph Information 
Acoustic: O 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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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 
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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: 0.04 in/s 3.2 Hz. Seis: 0.06 in/s (0.015 in/s/div) 
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Rock Mechanics and Explosive Research Center 
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Location: Indian Sleeping Chamber 
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Crystal Cave Project 
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Location: Indian Sleeping Chamber 
Non-blast Trigger 
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Crystal Cave Project 
Unit 17 

Location: Indian Sleeping Chamber 
Non-blast Trigger 
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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 
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Amplitudes and Frequencies Graph Information 

Acoustic: O 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) 
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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 
.. _ .. . ... . ... . . ............. __ __ . _ ......... --·---~~!: __ '!'_~ i:99.~~-: __ ~-'.!_~_ 9!? ___ .. --~~ ~-E.!. __ TEi: 98~ ~ _ _:_ ____ Q_.:_Q} ____ :!:~/ ~ ___ _9-(N _: ---~-~---··------___________________ _ 

Amplitudes and Frequencies Graph Information 
Acoustic: O 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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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 
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Amplitudes and Frequencies Graph Information 
Acoustic: O 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) 
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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 
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Amplitudes and Frequencies Graph Information 
Acoustic: O 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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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 
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Amplitudes and Frequencies Graph Information 

Acoustic: O dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec 
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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 
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Amplitudes and Frequencies Graph Information 
Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec 
Radial: 0.01 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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Rock Mechanics and Explosives Research Center 

Crystal Cave Project 
Unit 17 

Location: Indian Sleeping Chamber 
Non-blast Trigger 

Event: 073 Date: 6/20/95 Time: 17:22 
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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: 0.04 in/s 3.1 Hz. Seis: 0.06 in/s (0.015 in/s/div) 
Transverse: 0.06 in/s 7.1 Hz. Time Lines at: 0.50 sec intervals 
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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 
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Amplitudes and Frequencies Graph Information 
Acoustic: 0 dB 0.0 Hz. 
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Transverse: 0. 4 in/s 170.6 Hz. 

Duration: 0.000 sec To: 
Acoustic: 0.20 Mb (0.05 
Seis: 0.05 in/s (0.0125 
Time Lines at: 0.50 sec 

--------------·----·------------

~-----------··1----r·-- ___ 11 

4.500 sec 
Mb/div) 
in/s/div) 
intervals 

Cal 0.48 

~ 
m --­x· - Cal 0.51 

I 

O> 
CD __ 1 _ftlf-- JlJMUlTTllL___!__ ~ 

CayP. 93 
=---,----- -·n ·r)·- .J n··------JL-----11,TL-L ______ ~,-------------·-r· 1·-------·rn--------------------------, ~ \ / 

o-:-o·u9--------b--:·50-9--·----·-Jr~-o·u9--·---lr~SDs _______ t2·.·009·------1z:·5·uEf ________ JT:·oos-----13-:·5-09---14-:-00s___J4. 50s ~ 

1 

Acoustic 
Peak = 0.00 Hz 

1 

Fourier Analysis 

Radial 
Peak = 0.88 Hz 

(Amplitude Spectrum) 

Vertical 
Peak = 1.13 Hz 

1 1 

Transverse 
Peak = 1.00 Hz 



m 
~-

·· -······- ··- ···---··-· · ·- -·· --·· -·-------- -- --·univ er sTey-· 0r·-M1 ssouri -=·R0r1a:----------------------------··---­
Rock Mechanics and Explosives Research Center 

Crystal Cave Project 
Unit 17 

Location: Indian Sleeping Chamber 
Non-blast Trigger 

Event: 075 Date: 6/20/95 Time: 17:26 
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Amplitudes and Frequencies Graph Information 
Acoustic: O 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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Rock Mechanics and Explosives Research Center 

Crystal Cave Project 
Unit 17 

Location: Indian Sleeping Chamber 
Non-blast Trigger 

Event: 076 Date: 6/20/95 Time: 17:28 
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Amplitudes and Frequencies Graph Information 
Acoustic: O 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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Rock Mechanics and Explosives Research Center 

Crystal Cave Project 
Unit 17 

Location: Indian Sleeping Chamber 
Non-blast Trigger 

Event: 077 Date: 6/20/95 Time: 17:30 
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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: 0.04 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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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 
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Amplitudes and Frequencies Graph Information 

Acoustic: O 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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Rock Mechanics and Explosives Research Center 
Crystal Cave Project 

Unit 17 
Location: Indian Sleeping Chamber 

Non-blast Trigger 
Event: 079 Date: 6/20/95 Time: 17:34 
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Amplitudes and Frequencies Graph Information 

Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec 
Radial: 0.01 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: 0.5 sec intervals 
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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 
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Non-blast Trigger 
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Amplitudes and Frequencies Graph Information 
Acoustic: O 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) 
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Amplitudes and Frequencies Graph Information 
Acoustic: O 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) 
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_________ -----~i:E_ T:r_:igg~E_.:_ __ 1:42 __ 9"§ _______ §~~'.'l ____ T~j_gg~~-~---Q_. 03 __ _:h!!_/ s----~~_:__11 __________________ _ 

Amplitudes and Frequencies Graph Information 
Acoustic: O 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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Rock Mechanics and Explosives Research Center 

Crystal Cave Project 
Unit 17 

Location: Indian Sleeping Chamber 
Non-blast Trigger 

Event: 095 Date: 6/20/95 Time: 18:06 
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Amplitudes and Frequencies Graph Information 
Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec 
Radial: 0.01 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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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 
-------------------------------------~ir Trigger: _!~_2 d:§__ ____ §_~:!:_~ ___ T_Eigg~!:_:__Q__.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. 5 in/s (0.0125 in/s/div) 
Transverse: 0.04 in/s 170.6 Hz. Time Lin s at: 0.50 sec intervals 
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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 
_ -----------------------------~i~Tr~~l9~E_: ___ ~~£___-~~--------~~i-_.§ __ Tr ___ ~gger: _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: 0.07 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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Rock Mechanics and Explosives Research Center 

Crystal Cave Project 
Unit 17 

Location: Indian Sleeping Chamber 
Non-blast Trigger 

----====--==~.o..--"'--=---·-----

Event: 098 Date: 6/20/95 Time: 18:11 
______________________________________ A-i:~--!~~gg~_!"_~ ___ l:_~_? __ gJ? ____ ~~~_§_ __ J!"ig:g~E_: ___ _Q_: __ Q_~-----in/ s S/N: 1 7 ________________ _ 

Amplitudes and Frequencies Graph Information 
Acoustic: 131 dB 3.6 Hz. 
Radial: 0.04 in/s 1.8 Hz. 
Vertical: 0.05 in/s 1.8 Hz. 
Transverse: 0.06 in/s 1.9 Hz. 

Duration: 0.000 sec To: 4.500 sec 
Acoustic: 0.70 Mb (0.17 Mb/div) 
Seis: 0.06 in/s (0.015 in/s/div) 
Time Lines at: 0.50 sec intervals 
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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 
_ __ __ _ _ A~:t'."--~~-~gg_e.!:_'. ___ 14:? df! _____ §~~_13 __ T£t_99~~-: _9_:_Q_~ __ i:I!/~ ____ S/~_:__1-:_7 _________________________ _ 

Amplitudes 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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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 
________ _ _ ........ --·-··- ·-·--··-··- --~~E __ ~E~99~E.: .. !'!~---9:~-- .. _?~t§ ___ T:rJgg~E~ __ Q ___ : __ Q~_i~[~ ____ .§11'!:_1:_? __________________ ····-·--······--···----·-

Amplitudes and Frequencies 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 36.5 Hz. Time Lines at: 0.50 sec intervals 
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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 
-······· ·····- ........ ·---~~~--I~:h_gg_~!::. -~~~- g~ _____ §~-~~_T_!:~gg~-~-: __ Q __ :Q~_i:_~:~l-~ ____ §/B.:._!_?. ____________________________ _ 
Amplitudes and Frequencies 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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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 
.. -----·-····-- __ ~~E ___ '!'Ei-gg~~_: __ ;!-_i? __ s'!~ _____ §~i_§ __ TEl99er_: ___ _Q_:_Q~_ i~§__ _ _§_{!'L:..-1:.? ______________ _ 

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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Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unitl6 

Location: Hanging Balcony 
Non-blast Trigger 

Event: 010 Date: 6/19/95 Time: 13:40 
___________________________ !\~!; _ _I!:~gg~_!._:__ __ !!~--~!? _______ §~_-i§ __ 'f!:~g_g~_:i;_: __ Q_. 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: 0.04 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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Rock Mechanics and Explosive Research Center 
Crystal Cave Project 

Unit16 
Location: Hanging Balcony 

Non-blast Trigger 
Event: 011 Date: 6/29/95 Time: 11:57 

_____________________________ _A_i_!_l:~i-_g_g_~:!=.:_: __ 1-_'.'!_~_?B ____ _§_~~~--'I'E!gg~~-_:_ __ __Q~_Q_3 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: O. 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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Mechanics and Explosive Research Center 
Crystal Cave Project 

Unitl6 
Location: Hanging Balcony 

Non-blast Trigger 
Event: 012 Date: 6/29/95 Time: 11:57 

~~:r .. T~_~gg~~ : __ ~4~ __ gB _____ §.'3~s Tr~ggE;~ : ___ Q__'.9.~ ___ in _ _{~-------§/!! __ : ____ !_§ ____________________ _ 
Amplitudes and Frequencies Graph Information 

Acoustic: 100 dB 0.0 Hz. 
Radial: 0.02 in/s 0.0 Hz. 
Vertical: 0.03 in/s 0.0 Hz. 
Transverse: 0.03 in/s 0.0 Hz. 

Duration: 0.000 sec To: 
Acoustic: 0.20 Mb (0.05 
Seis: 0.05 in/s (0.0125 
Time Lines at: 0.50 sec 

4.500 sec 
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ca:1-o--:-9-s 
---·--·0:----···u•wr--r--·T-----.,,~ . -----.. --...--·-r-ir-----------------------,.----rrnr~-~--v---.--- ~ 

Cal 0.53 

~ 
s;:·: Cal 0.53 
--" . 

8 · ----·--·-···-· ··-----~ffll!M!,uoornm--.,----"n· ·---------------·-- ---------·· ······-·-- ·· - - ·· -- --·· · ·· ···· ·· · · ··- ···-·· ··· ·-·· 1 If··· · - ·-- ···1- ----·· - --------·-ir-----1---u-·1-1 _///-~ 

Cal 0.49 
____.//~/ ~ --- ····· ···-· ··-1·lcurnm,w1- ······-·-·------- ---------------- -----------,- ··- · ·--------- ·-·-··- ·· --·· ·--·-···· -- ··-·----···-- · ·- ··-----------·-·--i·-----------,- -----nrnmr ~ 

o~o·o 9-·-··---'o-::·5 os----'r::-oos---'r::sm::i-------'2-:-0 as·- __ _JT:-50-s _____ J:r;-o·os ____ l3-::-5os-----11r:·a-os__J 4 . sos 

1 -·· 

0 

Acoustic 
Peak ~ 2.00 Hz 

1 

0 ... 

Fourier Analysis (Amplitude Spectrum) 

Radial 
Peak = 1.38 Hz 

\ 

1 

\"virt~~W~,, \w 
··- 215 - 510- . 715 160 ° 
FE~ q11_~_i::i c:; y _J !-1 z ~-

Vertical 
Peak= 79.13 Hz 

1 

Transverse 
Peak 1.00 Hz 



· -------·--------------------·----·----·-·un.Tversit:ycff-MHfsoU:ri-=Rolra.·-------------------------·--­
Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unitl6 

Location: Hanging Balcony 
Non-blast Trigger 

Event: 013 Date: 6/29/95 Time: 12:14 
--· ----- ..... - - . . .. -- ·--·- -- -- _!\iE __ TE?.:SI9~E_:_!!~ ___ c!? _______ ~~~--TEigg~E.:_. __ o. 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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Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unitl6 

Location: Hanging Balcony 

Event: 014 
... .. ___ . ... . __ A_~ ~-~Ei.99:~-~-: ·--~ 4 _? ___ 9:? 

Amplitudes and Frequencies 

Acoustic: 100 dB 0.0 Hz. 
Radial: 0.01 in/s 0.0 Hz. 
Vertical: 0.04 in/s 73.1 Hz. 
Transverse: 0.01 in/s 0.0 Hz. 

Non-blast Trigger 
Date: 6/29/95 Time: 12:35 

Se~~- Tr:}:gg~~-: ___ Q __ :_23 i!J./S S/N :_1_6_· ____ . 
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Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit16 

Location: Hanging Balcony 
Non-blast Trigger 

Event: 015 Date: 6/29/95 Time: 13:07 
-----·-----···---···---·-------···------~ir Trigger: 1~2 dB ____ §§!_:!:S Tr:!:_g:_ger_: __ 0. 03 in/ s S/N: 1_6 _____ --------4 

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. 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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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 
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Amplitudes and Frequencies Graph Information 
Acoustic: o 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: D.035 in/s 39.3 Hz. Seis: 0.05 in/s (0.0125 in/s/div) 
Transverse: 0.025 in/s 28.4 Hz. Time Lines at: 0.50 sec intervals · ··- ·· · ............ -· ···· ·-----· · ··· ----· -- -···-- ·------ ·--· --- · ·· --- ---·-· · ····-······· .. cal · · i . a~(··-·······--·-
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Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit16 

Location: Hanging Balcony 
Non-blast Trigger 

Event: 018 Date: 7/ 4/95 Time: 12:23 
.............. -· ......... __ .. _____ ~:!:E._X!:?:9".9~E_: __ 1:_~-~-. _c'!B .. ____ -?_~~-~--T:r;_~gg~E_.:_ ___ Q.:_ 03 __ i~f..~ _ __§_L~_:___ 16 _____________ _ 

Amplitudes and Frequencies 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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Rock Mechanics and Explosive Research Center 
Crystal Cave Project 

Unit16 
Location: Hanging Balcony 

Non-blast Trigger 
Event: 019 Date: 7/ 4/95 Time: 12:53 
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Amplitudes and Frequencies Graph Information 

Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec 
Radial: 0.05 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. Time Lines at: 0.50 sec intervals 
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Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit16 

Location: Hanging Balcony 
Non-blast Trigger 

Event: 020 Date: 7/ 4/95 Time: 12:53 
___ ---···-··-· ··-···-. _________ --------·--··-~J:.E~!:igg:~E__: __ !_i_?_ __ d~---· ___ ?~is T!i99~r =. __ Q_:__93 __ ~n/s S/N: 16 -------------------1 

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: 0.02 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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Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit16 

Location: Hanging Balcony 
Non-blast Trigger 

Event: 021 Date: 7/ 4/95 Time: 12:53 
___ __ ___ _ _ _ ... ______ . _ __ _ _____ ?\~~ ___ Trigg~!:_:_ --~4~ ___ 9§ ___ ---~~-~§ __ ]EJ-9SI~E~ _____ o _ _: Q_} __ :h!?-J_i:;_ S /N,_~--1:~---------

Ampli tudes and Frequencies 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 intervals 
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Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit16 

Location: Hanging Balcony 
Non-blast Trigger 

Event: 022 Date: 7/ 4/95 Time: 14:34 
··- ___ -·-· ---·--·------~!!" __ '.!'rigg~E_'. ___ l:_1:!_~ ___ <:1:13_ ______ §~i.~ __ T~~gg~!::._Q: 03 --~!_l_/_§_ __ 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: 0.03 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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Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit16 

Location: Hanging Balcony 
Non-blast Trigger 

Event: 023 Date: 7/ 5/95 Time: 10:38 
_ ---------·--~~!'_ __ ~E~gg~_!.'_:_ ___ !~.? .. _?-_1? ____ __§_~~§. ___ '.1:~~99:~E~ __ Q_: 03 inL 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: 0.01 in/s 0.0 Hz. Time Lines at: 0.50 sec intervals 
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Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unitl6 

Location: Hanging Balcony 
Non-blast Trigger 

Event: 024 Date: 7/ 5/95 Time: 12:55 
---·-·----··------··----··-·---·--·····-··------~ir Tri:_gg~ :_!::4 2 --~~-·-----?-~~E.l_._'Trigger_: ____ ~Q2__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: 0.04 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 in/s 0.0 Hz. Time Lines at: 0.50 sec intervals 
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Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit16 . 

Location: Hanging Balcony 
Non-blast Trigger 

Event: 026 Date: 7/ 7/95 Time: 10:34 
--·-------------------------~ir _ __'.!'._rigger:____!_!~ __ @ ___ Seis !r_i_gger: 0. 03 in/s S/~: 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 intervals 
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Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit16 

Location: Hanging Balcony 
Non-blast Trigger 

Event: 027 Date: 7/ 7/95 Time: 10:34 
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Amplitudes and Frequencies Graph 'Information 
Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec 
Radial: 0.01 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 -----·······-··-·--··--··---·----.. -·-·--- -.. ·----------------··----·----·-· --------------- --ca:1-o. ~ts 
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Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit16 

Location: Hanging Balcony 
Non-blast Trigger 

Event: 029 Date: 7/ 7/95 Time: 17:52 
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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: 0.02 in/s 0.0 Hz. Seis: 0.05 in/s (0.0125 in/s/div) 
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Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit16 

Location: Hanging Balcony 
Non-blast Trigger 

Event: 030 Date: 7/ 8/95 Time: 8:42 
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Amplitudes and Frequencies Graph Information 
Acoustic: O 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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Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit16 

Location: Hanging Balcony 
Non-blast Trigger 

Event: 031 Date: 7/ 8/95 Time: 9:15 
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Amplitudes and Frequencies Graph Information 
Acoustic: O 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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Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit16 

Location: Hanging Balcony 
Non-blast Trigger 

Event: 032 Date: 7/ 8/95 Time: 9:20 
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Amplitudes and Frequencies Graph Information 
Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec 
Radial: 0.02 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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Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit16 

Location: Hanging Balcony 
Non-blast Trigger 

Event: 033 Date: 7/ 8/95 Time: 9:21 
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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: 0.01 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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Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit16 

Location: Hanging Balcony 
Non-blast Trigger 

Event: 035 Date: 7/12/95 Time: 9:45 
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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: 0.03 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 

---·---------------~ai-u.g6 

---'·---·---·\ r·Lr··r ir.1·------·-·-------·-- -1--1.(··i. 1.11··1rnrm1··--·--·----------w-------·-·--------------------.-·~.,.-.-,.---r1---- ~ 
Cal 0.53 

~/ 
~ : Cal 0.52 

: : 11n11m11-1·-1rn;11wh/jji----:----nlln __ J_JHILUuu.rrrir1:n!11J\l"Th111M11lllu 1uffruul!f111n··nrr-rrnwm1nrn--·mT1T·l',1Mn--'l!-1-n-~~11 ~, ~m1~1 --~-11111 ~ 

Cal 0.48 

J;n------- 1·r · ltm .. YHL 1.11 ----·--- - -----------,---·111\fll L1ur111ULLJ ____ 11N· ·11numm.11.1u-··----------·11uw-- ---·---···r------··--------------------

1 

0 

·· 'o ~ 50s ·------'1: 008 ·-----'1. 508 12. 008 -- 12. 508 

Acoustic 
Peak = 1.13 Hz 

I 

... 1. ~~~~~~~~b 0 

Frequency (Hz) 

1 

Fourier Analysis (Amplitude Spectrum) 

Radial 
Peak = 0.88 Hz 

1 

Vertical 
Peak= 1.13 Hz· 

1 

Transverse 
Peak= 0.88 Hz 

1~11~~~~\<11'1'~!\IY114\~~1\i~fb 0 

]?r_~q:w::.~C:Y __ (~z_L ·-- ____ _ 



-- -·- ·· - ---- ---- --- -- - ------·uni ve r Ef i ty-0 r ·MrssourT-= RC51Ta _______ ----------------------------------
Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit16 

Location: Hanging Balcony 
Non-blast Trigger 

Event: 036 Date: 7/13/95 Time: 11:43 
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Amplitudes and Frequencies Graph Information 

Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec 
Radial: 0.01 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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Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit16 

Location: Hanging Balcony 
Non-blast Trigger 

Event: 038 Date: 7/14/95 Time: 9:55 
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Amplitudes and Frequencies Graph Information 
Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec 
Radial: 0.01 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 

----------------------·-------- ·-----------------------------ca-1-0-.~ 

~~-~'llll'af"JIJTT-..stlT.----w--ir--ir--------.--------------------,,,---- ~ 
Cal 0.53 

fi.n1rnw1 r-·uu111JM1 '- .vr_llf-T li1Mu ______ 1_1111w._ ______ ~-- u NL'!lflur-- unr·-------------------------- -------- ~ 
Cal 0.53 

_u;1wrwr-11n11 · -,m rJ~ _LUL · -1\"lhnr----,,,muu11u~ ___ _J\)ll ·111 ruut.J111l!rn!A. wu· n ··1111TT-·Tnm -· -----lhl'·---------1nu11-rnn-11111-1----i.-·n-rnTir1 -~ 

Cal 0.49 

.--~ 
!---·----------------------------------------·------------------------! 

1 

Acoustic 
Peak = 0.88 Hz 

1 

Fourier Analysis 

Radial 
Peak = 0.88 Hz 

(Amplitude Spectrum) 

Vertical 
Peak = 1.00 Hz 

1 1 

Transverse 
Peak = 0.88 Hz 



· - --- -- --- ---------------uni ve-rs i ry-·0r-Mi ssour:T::. Roll a.--------------------------- -· --···-----·-·--··-------------·----------­

Rock Mechanics and Explosive Research Center 
Crystal Cave Project 

Unitl6 
Location: Hanging Balcony 

Non-blast Trigger 
Event: 039 Date: 7/14/95 Time: 13:49 

___________ ~~-~--1'E~gg~~_:--~~~---~~- ____ E?~_t?_TEt_gg~-~~----Q . .:.Q~--t~L_s __ S/:ti_:_ __ !..§_· ________________ _ 
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: 0.02 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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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 
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Amplitudes and Frequencies Graph Information 
Acoustic: o 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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Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit16 

Location: Hanging Balcony 
Non-blast Trigger 

Event: 042 Date: 7/17/95 Time: 11:30 
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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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Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unitl6 

Location: Hanging Balcony 
Non-blast Trigger 

Event: 046 Date: 7/21/95 Time: 12:58 
----------------------------------~iE Tri:_gg~r0_'!~_g_§_ _ __§_~_is __ Tri:_g_g~r: 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: 0.04 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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Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unitl6 

Location: Hanging Balcony 
Non-blast Trigger 

Event: 047 Date: 7/21/95 Time: 14:49 
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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: O. 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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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 
---·-·· ___ -·-·-- ___ -·-···-·- --------·----~:"!-_!:__ _ _'.I'rigg_:e~-~--1::-~~---9~-- __ §~is _T_!:~gge_£~ _ _Q_~ __ 03 in/ s S(N: 21_ _ __________ _ 

Amplitudes and Frequencies Graph Information 

Acoustic: O 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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Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unitl6 

Location: Hanging Balcony 
Non-blast Trigger 

Event: 049 Date: 7/26/95 Time: 12:32 
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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 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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Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit16 

Location: Hanging Balcony 
Non-blast Trigger 

Event: 052 Date: 7/29/95 Time: 13:44 
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Amplitudes and Frequencies Graph Information 
Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec 
Radial: 0.01 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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Rock Mechanics and Explosives Research Center 

Crystal Cave Project 
Unit 21 

Location: Entrance 
Non-blast Trigger 

Event: 044 Date: 7/31/95 Time: 8:02 
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Amplitudes and Frequencies Graph Information 
Acoustic: 0 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec 
Radial: 0.02 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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Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit16 

Location: Hanging Balcony 
Non-blast Trigger 

Event: 053 Date: 8/ 1/95 Time: 11:33 
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Amplitudes and Frequencies Graph Information 

Acoustic: 100 dB 0.0 Hz. 
Radial: 0.08 in/s 170.6 Hz. 
Vertical: 0.07 in/s 56.8 Hz. 
Transverse: 0.06 in/s 170.6 Hz. 

Duration: 0.000 sec To: 4.500 sec 
Acoustic: 0.20 Mb (0.05 Mb/div) 
Seis: 0.08 in/s (0.02 in/s/div) 
Time Lines at: 0.50 sec intervals 
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Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit16 

Location: Hanging Balcony 
Non-blast Trigger 

---·--·--·· ------------·--- -------------------~ 

Event: 054 Date: 8/ 1/95 Time: 11:33 
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Amplitudes and Frequencies Graph Information 
Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec 
Radial: 0.03 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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Rock Mechanics and Explosive Research Center 
Crystal Cave Project 

Unit16 
Location: Hanging Balcony 

Non-blast Trigger 
Event: 055 Date: 8/ 1/95 Time: 11:33 
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Amplitudes and Frequencies Graph Information 

Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec 
Radial: 0.03 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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Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unitl6 . 

Location: Hanging Balcony 
Non-blast Trigger 

---------·------------~ 

Event: 057 
Air ~rigger: _14? dB 

Date: 8/ 3/95 Time: 10:24 
Se is. Trigger: 0: 9~ _i~/§ _______ §/~: __ -~? _____________________ _ 

Amplitudes and Frequencies 
Acoustic: 100 dB 0.0 Hz. 
Radial: 0.01 in/s 0.0 Hz. 
Vertical: 0.03 in/s 0.0 Hz. 
Transverse: 0.01 in/s 0.0 Hz. 

Graph Information 
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Time Lines at: 0.50 sec 
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Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit16 

Location: Hanging Balcony 
Non-blast Trigger 

Event: 057 Date: 8/ 3/95 Time: 10:24 
______ ..... ·-·· .. _____ . -· _____________________ !\~_1'." ___ T.Ei-g9!=r _ _:__1:'!~ __ c:lB __ _§~~~--TEi99~E:_ 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 intervals 
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Rock Mechanics and Explosive Research Center 
Crystal Cave Project 

Unit16 
Location: Hanging Balcony 

Non-blast Trigger 
Event: 058 Date: 8/ 5/95. Time: 12:49 
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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: 0.03 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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Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unitl6 

Location: Hanging Balcony 
Non-blast Trigger 

Event: 059 Date: 8/ 5/95 Time: 12:49 
. __________ ?:.~~---!E_~_gger: _:1_42 ~B _ --~e-~~---~~~gg~~: __ Q_~_Q~---~gj~---~L~.:__!§__ __________________ ---·--------

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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Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit16 

Location: Hanging Balcony 
Non-blast Trigger 

Event: 060 Date: 8/ 5/95 Time: 12:49 
_ _ ____ ~~E-. T~~ggi:o::i:- ~--}--~~ -~!3 _ _§eis T)'."_~gg~r _: __ O _: Q~_ -~-~(~ _____ §/~~--:1_:_§ _______________________________________ _ 

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: 0.04 in/s 85.3 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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Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit16 

Location: Hanging Balcony 
Non-blast Trigger 

Event: 061 Date: 8/ 6/95 Time: 14:40 
_____ ---------------~~-~-_1'£i gg~~__'. ___ !!~---~~-- __ §_~ i s ___ Tr_~gg:_~£_:_ __ <2.__: __ Q_~ __ i:_!_]-/ ~-~/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 intervals 
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Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit16 

Location: Hanging Balcony 
Non-blast Trigger 

Event: 062 Date: 8/12/95 Time: 14:22 
_________________________ ----------~i~ _ _!_Ei99er:_]-_'!_~_C!_l? __ Seis TE_~99~!:_'._ _ _Q.03 in/s S/N: _1_6 __ 

Amplitudes 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. Time Lines at: 0.50 sec intervals 
--------------------------- ·------------- ----------------------------------------------------------------------------------- --------- ------------------------------------------------------------ca:1-·o--:-90-------
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Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unitl6 

Location: Hanging Balcony 
Non-blast Trigger 

Event: 063 Date: 8/12/95 Time: 14:45 
. ___ ....... _______ ... !\~E ___ I~i.9.~t~!:: ___ :L_Li~ --~B ___ St:o~§. __ T_~J.:gg~:i:::_:_ .9..:._Q_~-~-~L.§ __ S/_B~---~§ ____________________________________________ _ 

Amplitudes 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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Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit16 

Location: Hanging Balcony 
Non-blast Trigger 

Event: 064 Date: 8/12/95 Time: 14:45 
__ ---~i_E ___ '!'~i:99E3E: _}-_'!? -~~-- ___ ~~~§. ___ T~_~gg~:i;_: __ Q_:_()~--~~§. ____ .§>/!'!~--~~------------------------------
Amplitudes and Frequencies Gr~ph 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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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 
_ ..... _ ........ _______ .... ~J:E_~Eigg_~E.: ___ ~4-~ ___ d~ __ . ?E::~s . T'l:'~9:9~:1'.-"~ Q_~_Q} ___ j!!/~ _____ §/Ji.~ __ l-_§_ _________________________ -·--··-------··-

Amplitudes and Frequencies 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. Time Lines at: l.00 sec intervals 
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Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit16 

Location: Hanging Balcony 
Non-blast Trigger 

Event: 065 Date: 8/18/95 Time: ll:ll 
...... __ . !\-i:~ __ Il'.:~gg~~:. _14} d!3_ .. __ -?~~s Trigg~r: (J: Q_~ ~~{~ ____ §/_!'!:__l-_§ ___________________________ -··------------

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: 0.01 in/s 0.0 Hz. Time Lines at: 0.50 sec intervals 
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Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unit16 

Location: Hanging Balcony 
Non-blast Trigger 

Event: 066 Date: 8/19/95 Time: 12:32 
~ei s _'.I'~-~99~!': ____ 9 _:_q ~---~~l~--------~.L!'J ~-~ § _______________________ _ _ Air_Jrjgge~: 1~?- ~B 

Amplitudes and Frequencies 
Acoustic: 117 dB 1.4 Hz. 
Radial: 0.07 in/s 46.5 Hz. 
Vertical: 0.07 in/s 73.1 Hz. 
Transverse: 0.07 in/s 34.1 Hz. 
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Graph Information 
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Rock Mechanics and Explosive Research Center 
Crystal Cave Project 

Unit16 
Location: Hanging Balcony 

Non-blast Trigger 
Event: 067 Date: 8/19/95 Time: 12:32 _ 

-· _ _ _ _ ___ Air ~_:i:--~_gge:r.:: ~~? c:ll? __ Seis Tr~gge~: g :_Q? __ i1:1:l_s ________ ~/~ _ _: ___ !§ __________________________________________ _ 
Amplitudes and Frequencies 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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Rock Mechanics and Explosive Research Center 
Crystal Cave Project 

Unitl6 
Location: Hanging Balcony 

Non-blast Trigger 
Event: 068 Date: 8/19/95 Time: 14:19 

__ -~!:r: __ ~E~99t::E :_ __ :l_~ ~---?:13 ______ §~_! __ ~ ___ TEJ.:99~.!: :__ ___ Q_:.9~----!~L_§_ __ Sl!f: 1_6 ___ _ 
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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Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unitl6 

Location: Hanging Balcony 
Non-blast Trigger 

Event: 069 Date: 8/20/95 Time: 15:07 
.... _______ ·----~~~--IE~.99.~!:.= ... :!.:~~-- d~--- .... -?~-~§ __ 'I'.E.~9-9~.~-:. _g~_Q._:3 __ ~/ s __ §/._~_:_ __ :I.:~-------··-·-- ··-----------

Amplitudes 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 in/s 23.2 Hz. Time Lines at: 0.50 sec intervals 
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Rock Mechanics and Explosive Research Center 
Crystal Cave Project 

Unit16 
Location: Hanging Balcony 

Non-blast Trigger 
Event: 070 Date: 8/24/95 Time: 11:30 

__________ ···-·····----·--··-····-------------~ir Tr!_gg~_£_:_ __ ~~-~--i!:B _____ §_ei_~--~E-~99~E_: ___ Q_:__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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Rock Mechanics and Explosive Research Center 
Crystal Cave Project 

Unitl6 
Location: Hanging Balcony 

Non-blast Trigger -
Event: 071 Date: 8/26/95 Time: 12:05 

-------~~E- TE~99~~~-----l~? ___ ~!3- _ -?.~~-8-__ T~~_99_§~_: ___ 9 __ :_Q~_~n/ s S/N _ _: __ 1:_§ ______________________ _ 
Amplitudes and Frequencies 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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Rock Mechanics and Explosive Research Center 

Crystal Cave Project 
Unitl6 

Location: Hanging Balcony 
Non-blast Trigger 

Event: 072 Date: 8/26/95 Time: 12:05 
---·-·· ··-·---- ___ -~i ~--:!'E.igg~-~ : ___ :!: ~.? ___ ~B. __ ----~~i: ~ __ '._I'E_~gg~E_:__ _ _Q __ :_Q~ __ in /_~--~LE_:_ __ _!_~ ____ --------···----- _________________ _ 

Amplitudes and Frequencies 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: 0.14 in/s 1.4 Hz. Time Lines at: 0.50 sec intervals 
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Rock Mechanics and Explosive Research Center 
Crystal Cave Project I 

Unit16 
Location: Hanging Balcony 

Non-blast Trigger 
Event: 073 Date: 8/26/95 Time: 12:05 
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Amplitudes and Frequencies Graph Information 
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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) 
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Crystal Cave Project 
Unit 20 

Location: Lloyd's Room 
Non-blast Trigger 

Event: 025 Date: 8/26/95 Time: 12:26 
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Amplitudes and Frequencies Graph Information 
Acoustic: 100 dB 0.0 Hz. Duration: 0.000 sec To: 4.500 sec 
Radial: 0.07 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 

---------'------ cal-r:uo 

~/ 
Cal 0.51 

~/ R-,·· - ,, ... ,,-·- - , ·· ·1 ·· {l\/r·-" ··- '""'--··---u __ . .J._r __ ......r----··~---·-•11.wr-· -- --- --- ·· ·---·-·------- ----·-·---·- ·---···- · --·--···· -----------------n-.-rw11Y--r--1!',.-,--r-r,-,-.r·--

m --
>,<. - r' -..,l 
c::;; ·-, r•.n rwnmrn-• r -...,/ \ r-'-,_,-._,,__ ""_,_m __ u---v-•~------------------ --------~,----.....---,,-.,,,----,..,y--T-nn·lrtl.Ju.u1 
c...> -, v ---.,-~.----·" 

Cal 0.54 

~v 
Cal 0.52 

•••.JIU------·· •... llM..1 t1r··----------------·- --- ... -- ---·-·--·- ----------1 -~---~ . .-.---- -~/ 

Acoustic 
Peak = 1. 25 Hz 

Fourier Analysis 

Radial 
Peak= 0.88 Hz 

(Amplitude Spectrum) 

Vertical 
Peak = 0.88 Hz 

Transverse 
Peak = 0.88 Hz 

1 1 1 

\-
~\\1'"'21-5,-.-,._~s!c-···~·-~15~·-16 o 0 

Frequency (Hz) 

1 



APPENDIXF 

LOG-LOG PLOTS 
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