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Abstract

Surface ground motion was recorded for many of the Integrated Verification
Experiments using standard 10-, 25- and 100-g accelerometers, force-balanced
accelerometers and, for some events, using golf balls and 0.39-cm steel balls as
surface inertial gauges (SIGs). This report contains the semi-processed acceleration,
velocity, and displacement data for the accelerometers fielded and the individual
observations for the SIG experiments. Most acceleration, velocity, and displacement
records have had calibrations applied and have been deramped, offset corrected, and
deglitched but are otherwise unfiltered or processed from their original records. Digital
data for all of these records are stored at Los Alamos National Laboratory.
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1. Introduction

Ground-motion analysis has been a key part of the Los Alamos National Laboratory
(LANL) Source Region Program (SRP) for several reasons: near-source ground motion
represents the up-going energy from an underground explosion, and that information is
required to assess the total energy budget for an explosion; these data can be used to
benchmark the numerical modeling of the nonlinear zone; and last, but not least, later
time phenomena, such as spall closure, are believed to play significant roles in seismic
and other signals used for detection, discrimination, and characterization of
underground explosions. As a result, characterization of the close-in ground motions
has been a major goal of the SRP.

One of the topics being addressed by the SRP is the three-dimensional characterization
of the spall volume as a function of time (size, shape, volume, mass, ground motions,
surface expression, and degree of damage). Surface observations of acceleration,
velocity, and displacement provide constraints for spall and, when combined with the
limited amount of subsurface ground-motion data (not presented in this report), allow a
three-dimensional model to be generated.

Presented herein are the data from a variety of close-in ground-motion experiments
conducted by LANL and its collaborators, Southem Methodist University (SMU) and the
Defense Nuclear Agency, Albuquerque (DNA/A), on the 12 Integrated Verification
Experiments (IVEs) of the SRP. Only 10 of the IVEs had ground-motion experiments
performed; Ingot (U2gg) and Bullion (20bd) did not.

These data are the semi-processed acceleration, velocity, and displacement records for
the accelerometers fielded and the individual observations for the surface inertial gauge
(SIG) experiments. Most acceleration, velocity, and displacement records have had
calibrations applied and have been deramped, offset corrected, and deglitched but are
otherwise unfiltered or processed from their original records.

2. Measurement Types

Four types of ground-motion measurements were performed for the IVEs: (1) the
standard J-8 surface accelerometer installation for the Nuclear Test Containment
Program, deployed only on LANL-sponsored events; (2) extended surface
accelerometer (ESA) measurements to define and characterize the spall zone; (3)
GRMPY stations installed at and around surface ground zero (SGZ) for some events;
and (4) arrays of SIGs to fill in those areas where we could not afford to place
instrumentation. Not all types were used on each IVE; type 1 was deployed only on
LANL-sponsored events; types 2 through 4 were added as needed to observe the
ground motions at and around SGZ, through the spall zone, and beyond.

B-1
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21 J-8 Surface Accelerometer Measurements. LANL Group J-8 has
instrumented the SGZ area on LANL-sponsored events with accelerometers (among
other types of sensors) for the Test Director (and later, the Containment Program) since
the first underground nuclear tests. In the latter half of this effort, the measurement
array for these instruments has been standardized to include: one to three stations at
SGZ, two stations at the trailer park (normally located near the perimeter fence); three
or four stations at the perimeter fence, normally at azimuths 90° to 120° apart, and
three or four stations at about one hole depth, 90° to 120° apart. Each station typically
has three components of motion: vertical, radial, and tangential, though in some cases,
only verticals have been employed. The accelerometers used for these stations are
Endevco 10-, 25-, or 100-g instruments (Model 2262), depending on the anticipated
motions. The plus directions on the data plots presented herein are: vertical, up; radial,
toward SGZ; and tangential, clockwise around SGZ.

The data are recorded by the remote instrumentation digital system (RIDS). The input
analog signals are low-pass-filtered to 100 Hz and digitized at 640 Hz. J-8 has
preprocessed the data, which may include corrections for timing, amplitude calibration,
baseline offsets, integration ramps, noise, etc. EG&G and EES-3 may also have further
corrected these signals for residual integration ramps and baseline offsets.

Note: Offset or integral ramp corrections may not be obvious in the records presented
because for clarity only the first 2 s of record are displayed in this report.

2.2 Extended Surface Accelerometer (ESA) Measurements. For some events,
we have acquired ground-motion data that straddled the edge of predicted spall (Misty
Echo, Metropolis, Mineral Quarry, and Bexar), and for one event, Bexar, data out to at
least three times the predicted spall radius were collected. To acquire these
measurements, we installed portable stations consisting of accelerometers (and in
some cases, seismometers), portable power (batteries), and portable digital recorders.

The accelerometers deployed were of two main types: Model SA-111 force-balanced
accelerometers, built by Terra Technology; and 10- and 25-g Model 2262A piezoelectric
accelerometers by Endevco. The Endevcos were borrowed from J-8 for these
experiments.

Three types of portable digital recorders were used. For the two tunnel experiments,
SMU furnished 16-bit, 6-channel REFTEK data acquisition system (DAS), made by
Refraction Technology, and DNA/A furnished 12-bit, 3-channel PDAS recorders by
Terra Technology. For Metropolis, only SMU REFTEKSs were used; for Bexar, SMU and
LANL REFTEKs were used together with several of both 3- and 6-channel portable
digital recorders (PDR-2s), made by Kinemetrics, furnished by LANL. Data were
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recorded at several speeds, dependent upon recorders used and the nature of the
experiment, ranging from 100 samples/s to 1000 samples/s.

The clocks on all of the portable digital recorders used for the four events with ESA
arrays (Misty Echo, Metropolis, Mineral Quarry, and Bexar) were not the modem GPS
(Global Positioning Satellite) clocks. As a result, timing for the extended accelerometer
measurements on those events is suspect and has been corrected by average velocity
travel times to each station. Do not attempt to draw significance from any time-of-
arrival (TOA) data for these measurements.

EG&G and EES-3 have corrected these signals for timing, amplitude calibration,
integration ramps, and baseline offsets.

Note: Offset or integral ramp corrections may not be obvious in the records presented
because for clarity only the first 2 s of record are displayed in this repont.

23 GRMPY. GRMPY (GRound Motion Predicts Yield) was an experimental system
being developed and tested by LANL for on-site verification of the Threshold Test Ban
Treaty (TTBT).! GRMPY employed a small array of accelerometers that were fielded in
the vicinity of SGZ for an underground nuclear test and a recording van. Due to the
nature of the system the locations for those stations are approximate because the
stations did not require accurate surveys. Because the system was experimental, the
configuration and location of the accelerometer stations, the recording system, and
even the sensors could change from event to event. EG&G and EES-3 may have
corrected these signals for polarity, integration ramps, and baseline offsets.

Note: Offset or integral ramp corrections may not be obvious in the records presented
because for clarity only 2 s of record are displayed in this report.

2.4 Surface Inertial Gauges (SIGs). One of the major topics to be addressed by
the SRP is the three-dimensional characterization of the spall volume as a function of
time: size, shape, volume, mass, ground motions, surface expression, and degree of
damage. Observations made on earlier events have indicated that rocks, ranging in
size from small pebbles to large boulders, can be ballistically launched during the spall
period. Hundreds of ground-motion gauges would be needed to map ground motion in
the spall zone, assuming the complexity indicated by the postshot crack maps of many
events, but an experiment of that magnitude involving electronic gauges is prohibitively
expensive. Using golf balls as a type of inertial gauge seemed to be a way of getting,
at least in a relative sense, fairly inexpensive information about the spall zone: size,
shape, and character (uniformity, intensity, impulsiveness) of the ground motions.

1Deupree, R. G. et. al., MISTY ECHO Proof Test of the GRMPY System, LA-11660-MS, 43 p.,
January 1990

B-3



LAUR-93-3438 Los Alamos National Laboratory
Appendix B EES-3
Surface Ground Motion Source Region Program

3. Surface Motion Data for the IVEs

The accelerometer data presented herein are the vertical components of surface
acceleration and the derived velocity and displacement. At most ground-motion
stations discussed in this report, three-component data (mainly vertical, radial, and
tangential) were collected. The radial and tangential data are in the database and
available should anyone require them. The data are reported as acceleration, in units
of g; velocity, in m/s; and displacement, in m, for each gauge, one gauge to a page.
Only those gauges with valid records are included in this report. Later experiments
indicated that any ground-motion data of the type and density reported herein are
spatially aliased and probably do not represent more than a snapshot of outgoing wave
generation (report in preparation). However, taken collectively, these data can be used
to generate predictive curves for the average ground motion as a function of scaled
range for contained underground explosions.

Accelerometer stations are named with a code as follows: three letters for the first
three letters of the event name; followed by two letters to indicate the type of
measurement (GM for J-8 stations; GR for GRMPY stations; and SG for extended-
surface-accelerometer stations); followed by a number for the station, followed by a
letter, normally "A," representing a single station. The letters B, C, or D were used if
there were multiple sensors at the same location, or, if there were multiple stations on a
single portable DAS (e.g., Misty Echo, Metropolis, Mineral Quarry, and Bexar). In the
last case, refer to the data tables for the event to find the location of each station. The
gauge-data plots included in this report have two additional letters immediately
following the station name, Z for the vertical component and A, V, or D for acceleration,
velocity, and displacement, respectively. Therefore, MISGR1AZA woulid denote the
vertical acceleration from station 1A of the GRMPY array on Misty Echo.

Two seconds of record are displayed for each station; the start time of the display for
each station may have been shifted so that the signal onset is in the first third of the
record. All time:s presented are from explosion zero time, in seconds.

The SIG data are presented as tables with location number, azimuth, and distance from
SGZ, azimuth and distance moved, and any observational comments. For Metropolis
we present one of many ways that these data may be portrayed for analysis. Azimuths
have been corracted to true north.

4. Event Data

The following pages contain a brief description of the experiment setups and data for
ten events: Misty Echo, Texarkana, Tulia, Contact, Amarillo, Hornitos, Metropolis,
Mineral Quarry, Bexar, and Junction.
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4.1. Misty Echo (U12n.23)

Experiment design. The Area 12 tunnel event Misty Echo had an array of 18 surface
ground motion stations: 8 GRMPY near and around SGZ, all inside the predicted spall
zone, and 10 extended ground-motion stations (from just inside to well beyond the edge
of predicted spall), fielded by SMU and DNA/A (Fig. 1 and Table 1). Figure 2 (16
pages) contains the data traces for the accelerometer data.

GRMPY results. All GRMPY stations recorded spall signals. Two of the ten ESA
stations failed to record good data (3A and 9A). Of the remaining eight, four recorded
spall signals (2A, 5A, 7A, and 13A).
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Fig. 1. Misty Echo station map.
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Station
Name

MISGR1A
MISGR2A
MISGR3A
MISGR4A
MISGR5A
MISGR6A
MISGRSA

MISGR10A

MISSG1A
MISSG2A
MISSG4A
MISSG5A
MISSG6A
MISSG7A
MISSG8A
MISSGSA

Station Loc
Ui2n.23

17 m N10E
~200m S
~300 m N20E
~300 m N20E
~300mWwW
~370 m S10E
~450 m S50W

520 m N60OE
1180 m N3W
1260 m N19E
1085 m N50E
880 m S23E
1140 m S8W
875 m S42W

1200 m N85W
1615 m N62W

MISSG13A 630 m N57E

Table 1. Misty Echo Ground-Motion Station Data

Accelerometer

25q
259
259
259
259
259
259
25g
Terra Tec 5.28 g
Terra Tec 5.28 g
Terra Tec 5.28 g
TerraTec 5.28 g
TerraTec 5.28 g
Terra Tec 5.28 g
Terra Tec 5.28 g
Terra Tec 5.28 g
Terra Tec 5.28 g

Northing (m)
271809

271821
271570
271709
272042
271725
271415
271578
271943
272985
273000
272500
271000
270680
271160
271910
272560
272150

Easting (m) Slant Range

192992

192996
192981
193314

193110

192520
193087
192659
193482
192930
193410
193830
193340
192825
192405
191795
191565
193520

(m) DOB

400
466
523
478
625
570
569
647
1244
1324
1157
967
1209
962
1266
1661
745

TOA

0.247
0.271
0.192
0.272
0.36
0.314
0.364
0.388
0.472
0.288
0.499
0.348
0.122
0.408
0.2

0.44
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Misty Echo Surface Ground Motion
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Misty Echo Surface Ground Motion
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Misty Echo Surface Ground Motion
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Misty Echo Surface Ground Motion
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Misty Echo Surface Ground Motion
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Misty Echo Surface Ground Motion
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Misty Echo Surface Ground Motion
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Misty Echo Surface Ground Motion
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Misty Echo Surface Ground Motion
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Misty Echo Surface Ground Motion
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4.2. Texarkana (U7ca).

Experimental design. The Texarkana event had a surface array of 10 J-8 stations
(including three near SGZ and two at the trailer park) and four GRMPY stations, all of
which were within the predicted spall zone (Fig. 3 and Table 2).

Results: The J-8 data were originally reported out in March 1989 (Memo J-8-89-58,
R. S. Fitzhugh to F. N. App). All stations worked properly and all recorded spall signals.
Figure 4 (14 pages) contains the station data traces for the accelerometer data.
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Fig. 3. Ground-motion-measurement array for Texarkana (U7ca).
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Station
Name
TEXGMiA
TEXGM1B
TEXGM1C
TEXGM2A
TEXGM2B
TEXGM4A
TEXGM5A
TEXGMBA
TEXGM7A

w TEXGMSA

» TEXGROA
TEXGR10A

TEXGR11A

TEXGR12A

Location
U7ca

idbm S43W

15 m S43W

15 m S43W
203 m S51W
203 m S51W
503 m N50E
503 m N70W
503 m S10E
503 m S11E
503 m S11E
503 m SO9E
594 m S35W
975 m S42W
975 m S42W

Accelerometer

Endevco 10 g
Endevco 25 g
Endevco 25 g
Endevco 25 g
Endevco 25 g
Endevco 25 g
Endevco 25 g
Endevco 25 g
Endevco 25 g
Endevco 25 g
25¢g

25¢g

25¢g

25¢g

Northing (m)
258348

258338
258338
258338
258222
258222
258672
258520
257853
257854
257855
257852
257862
257618
260666

Table 2. Texarkana Ground-Motion Station Data

Easting (m) Slant Range

211623

211612
211612
211612
211464
211464
212007
211150
211709
211714
211718
211701

- 211282

210976
210976

503 (m) DOB

503
503
503
542
542
711
712
711
71
711
711
778
1098
1098

TOA

0.281
0.281
0.28
0.309
0.309
0.306
0.422
0.407
0.408
0.408
0.398
0.449
0.699
0.635
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4.3. Tulia (U4s)

Experiment design. The only ground-motion measurements on Tulia were from the
nine-station J-8 accelerometer array for containment, including the three stations near
SGZ (Fig. 5 and Table 3).

Results. The J-8 data were originally reported out in June 1989 (Memo J-8-89-142,
R. S. Fitzhugh to F. N. App). All stations functioned properly, and spall was recorded on
stations 1A, B and C, and 2A and B. All other stations recorded signals that did not

contain spall characteristics. Figure 6 (9 pages) contains the station data traces for the
accelerometer data.

Y
2L p0ST SHOT PAD

Fig. 5. Ground-motion-measurement array for Tulia.
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Station
Name

TULGM1A
TULGM1B
TULGM1C
TULGM2A
TULGM2B
TULGM4A
TULGMS5A
TULGMB6A
TULGM7A

ov-9

Station Loc
Uds

15 m S22W

15 m S22W

15 m S22W
160 m S23W
160 m S23W
36 mE
396 m S23W
396 m N30OW
396 m N30W

Table 3. Tulla Ground-Motion Station Data

Accelerometer

Endevco 10 g
Endevco 25 g
Endevco 25 g
Endevco 25 g
Endevco 25 g
Endevco 10 g
Endevco 10 g
Endevco 10 g
Endevco 10 g

Northing (m)
259324

259310
259310
259310
259177
259177
259324
258959
259667
259669

Easting (m) Slant Range

206769

206763
206763
206763
206707
206707

- 207165

206615
206571
206574

396 (m) DOB

396
396
396
427
427
560
560
560
560

TOA

0.258
0.259
0.258
0.28

0.28

0.365
0.353
0.365
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4.4. Contact (U20aw)

Experiment design. The only ground-motion measurement for Contact was the SIG
experiment. Eleven arrays of golf balls (150 golf balls total) were installed around both
the Contact and Amarillo emplacements. Table 4 is summary data about the arrays:
number of balls, the approximate distance from the center of the array to Contact SGZ,
and how each array was configured. The same configuration was used for both events
(Fig. 7). Installation consisted of placing a golf ball directly on the ground (no dish), or
into a plastic dish (15.4-cm diameter and 4-cm lip) that was partially filled with soil and
placed onto the ground surface.

Eight of the arrays (four around each emplacement) were placed across a 600-m zone
that spanned the predicted edges of spall. The other three arrays were placed
approximately halfway between the two events.

Table 4. SIG Arrays for Contact
(see also Fig. 7)

Ball

Array Total Ball Nos. Dist.(m) Configuration

1 15 1-15 3050 3x5 rectangular array, about 50-m spacing between
balls

2 15 16-30 2600 3x5 rectangular array, about 50-m spacing between
balls

3 14 31-44 1680 2 parallel lines, balls 100-m spacing, lines 20-m spacing

4 10 45-54 1625 2 parallel lines, balls 100-m spacing, lines 20-m spacing

5 8 55-62 1625 2 paralle! lines, balls 100-m spacing, lines 20-m spacing

6 10 63-72 15625 2 parallel lines, balls 100-m spacing, lines 20-m spacing

7 24 73-96 3660 4x6 rectangular array, 50-m spacing

8 8 97-104 5200 1 line, 50-m spacing

9 10 105-114 7000 2 parallel lines, balls 100-m spacing, lines 20-m spacing

10 10 115-124 6700 2 paraliel lines, balls 50-m spacing, lines 10-m spacing

11 26 125-150 6550 1 line, 2 balls at each location, 50-m spacing

SIG results. Results of the SIG experiment can be found in Table 5. Three of the golf
balls moved a significant distance: (1) Golf ball 22 (GB22), located in the east-central
part of Array 2, jumped 6.4 m at 95° azimuth; (2) GB32 jumped almost 3 m at 10°, and
the dish it was in moved about 0.3 m; and (3) GB41, located 10 m N of GB32, moved
about 8.8 m at 40°. Both GB32 and GB41 were located about 50 m east of the U20au
pad. All three of these balls appear to have been placed in close proximity to fault
systems.

The rest of the balls moved very little. Six other balls moved more than 10 cm. None of
the balls that moved showed any indication of more than one direction of movement,
i.e., rolling backward and forward.
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Fig. 7. Contact/Amarillo experiment map.
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Table 5. Contact SIG Results

Movement

Ball Array Dist Az Placement Comments
(cm)

1 1 0 0 ground

2 1 0 0 ground

3 1 0 0 ground

4 1 0 0 ground

5 1 o] 0] ground

6 1 25 255 ground

7 1 0 0] ground

8 1 0 0 ground

9 1 0 0 ground

10 1 0 0 ground

11 1 8.9 70 ground Downslope

12 1 0 0 ground

13 1 o] 0 ground

14 1 (o] 0 ground

15 1 5.1 310  ground Crack through clearing

16 2 76 15 ground Downslope

17 2 10.2 340 ground

18 2 19.1 240  ground Downslope

19 2 0 0 ground

20 2 10.2 255 ground

21 2 0 0 ground

22 2 640.1 a5 ground

23 2 0 0 ground Rolled but stopped at origin

24 2 0 0 ground

25 2 o 0 ground

26 2 25 285 ground

27 2 10.2 345 ground

28 2 34.3 315  ground Downslope

29 2 0 0 ground

30 2 0 0 ground

31 3 0 0 dish

32 3 289.6 20 dish Pan moved =30.5 cm north

33 3 0 ] dish

34 3 0 0 dish

35 3 0 0 dish

36 3 0 0 dish

37 3 0 0 dish

38 3 0 0 dish

39 3 0 0 dish

40 3 0 0 dish

41 3 887.7 55 dish

42 3 0 0 dish

43 3 0 0 dish

44 3 0 0 dish

45 4 0 0 dish
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Movement
Ball Array Dist Az

(cm)
46 4 7.6 45
47 4 7.6 135
48 4 7.6 235
49 4 0 0
50 4 0 0
51 4 25 15
52 4 0 0
53 4 7.6 75
54 4 0 0
55 5 0 0-
56 5 76 25
57 5 0 0
58 5 7.6 225
59 5 0 0
60 5 o 0
61 5 0 0
62 5 0 0
63 6 0 0
64 6 0 0
65 6 7.6 105
66 6 o 0
67 6 0 0
68 6 0 0
69 6 51 60
70 6 3.8 60
71 6 7.6 75
72 6 7.6 60
73 7 0 0
74 7 0 0
75 7 0 0
76 7 0 0
77 7 0 0
78 7 25
79 7 25 195
80 7 25 195
81 7 0 0
82 7 25 15
83 7 2.5 105
84 7 25 195
85 7 25 150
86 7 25 195
87 7 0 0
88 7 0 0
89 7 0 0

Placement

dish
dish
dish
dish
dish
dish
dish
dish
dish
dish
dish
dish
dish
dish
dish
dish
dish
dish
dish
dish
dish
dish
dish
dish
dish
dish
dish
dish
dish
dish
dish
dish
dish
dish
dish
dish
dish
dish
dish
dish
dish
dish
dish
dish
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Table 5. Contact SIG Results (Continued)

Comments

Deer track next to dish

E-W hairline crack next to dish

Dish slid 13-15 cm

Downslope

Gully bottom

Rolled into a depression
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Table 5. Contact SIG Results (Continued)
Movement
Ball Array Dist Az Placement Comments
(cm)
90 7 25 195 dish Animal tracks near dish
91 7 0 0 dish
92 7 (1] 0 dish
93 7 25 195 dish
94 7 0 0 dish
85 7 25 340 dish
96 7 15.2 150 dish Animal tracks near dish
97 8 0 (0] dish
98 8 0 0 dish
99 8 0 0 dish
100 8 0 0 dish
101 8 0 0 dish
102 8 4] 0 dish
103 8 0 0 dish
104 8 25 285 dish
105 9 0 0 dish
106 9 (o} (o] dish
107 g 0 0 dish
108 9 7.6 285 dish
109 9 ] 0 dish
110 9 0 (4] dish
111 9 0 0 dish
112 9 0 0 dish
113 9 0 0 dish
114 9 0 0 dish
115 10 0 0 dish
116 10 4] 0 dish
117 10 0 0 dish
118 10 0 0 dish
119 10 0 0 dish
120 10 4] 0] dish
121 10 0 0 dish
122 10 0 0 dish
123 10 0 0 dish
124 10 0 0 dish
125 11 o] o dish North of Silent Canyon
126 11 4] 0 dish
127 1 0 0 dish Same dish as Ball #150
128 1 0 0 dish Same dish as Ball #149
129 11 0 0 dish Same dish as Ball #148
130 11 0 0 dish Same dish as Ball #147
131 1 0 0 dish Same dish as Ball #146
132 1 0 0 dish Same dish as Ball #145
133 11 0 0] dish Dish adjacent to Ball #144
134 11 0 0 dish Dish adjacent to Ball #143
135 11 0 0 dish Dish adjacent to Ball #142
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Table 5. Contact SIG Results (Concluded)

Movement
Ball Array Dist Az Placement Comments

(cm)
136 1 0 (o] dish Dish adjacent to Ball #141
137 1 0 0 dish Dish adjacent to Ball #140
138 11 0 0 dish Dish adjacent to Ball #139
139 1 0 0 dish Dish adjacent to Ball #140
140 1 0 0 dish Dish adjacent to Ball #137
141 1 0 0 dish Dish adjacent to Ball #136
142 1 0 0 dish Dish adjacent to Ball #135
143 11 o] 0 dish Dish adjacent to Ball #134
144 11 o] 0 dish Dish adjacent to Ball #133
145 1 o] 0- dish Same dish as Ball #132
146 1 0 0 dish Same dish as Ball #131
147 11 o] o] dish Same dish as Ball #130
148 11 0 0 dish Same dish as Ball #129
149 1 0 0 dish Same dish as Ball #128
150 11 0 0] dish Same dish as Ball #127
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4.5. Amarillo (U19ay)

Experiment design. The identical SIG experiment conducted for Contact a week
earlier was reset and repeated for Amarillo (see Fig. 7 and Table 6). Mapping and
retrieval of the SIGs began within a few hours of event detonation. Amarilio also had a
standard J-8 6-station accelerometer array (including 3 stations near SGZ) (see Fig. 8
and Table 7). All of these stations were within the predicted spall zone.

SIG results. Recovery of the SIGs and fracture mapping began within 4 hrs of event
detonation. The weather prior to the event was hot and dry, with occasional wind gusts.
This same weather pattern persisted for several days after the event. Postshot, very
few of the SIGs had moved from their preshot positions (Table 7). Those few that did
showed evidence of animal or bird tracks in the immediate vicinity or may have been
moved as a result of the high wind gusts that were experienced the evening before the
event (see comments in Table 7). There are no SIG movements that can uniquely be
attributed to the ground motion from Amarillo.

Table 6. SIG Arrays for Amarillo
(see also Fig. 7)

Bali

Array Total Ball Nos. Dist.(m) Configuration

1 15 1-15 2620 3x5 rectangular array, about 50-m spacing between
balls

2 15 16-30 2620 3x5 rectangular array, about 50-m spacing between
balls

3 14 31-44 6700 2 parallel lines, bails 100-m spacing, lines 20-m spacing

4 10 45-54 5790 2 paraliel lines, balls 100-m spacing, lines 20-m spacing

5 8 55-62 4570 2 parallel lines, balls 100-m spacing, lines 20-m spacing

6 10 63-72 3960 2 parallel lines, balls 100-m spacing, lines 20-m spacing

7 24 73-96 2620 4x6 rectangular array, 50-m spacing '

8 8 97-104 1340 1 line, 50-m spacing

9 10 105-114 1520 2 parallel lines, balls 100-m spacing, lines 20-m spacing

0 10 115-124 1520 2 paraliel lines, balls 50-m spacing, lines 10-m spacing

11 26 125-150 1830 1 line, 2 balis at each location, 50-m spacing

Accelerometer results. The J-8 data were originally reported out in July 1989 (Memo
J-8-89-165, R. S. Fitzhugh to F. N. App). All but one of the J-8 accelerometers
(AMAGM®6A) recorded spall signals. Station 6A looks similar to a spall record, but the
first maximum acceleration was just less the 1-g upward, and the dwell between first
peak and slapdown pever exceeded -0.4 g, whereas -1.0 g would normally indicate
spall. Figure 9 (continued over 8 pages) contains the data traces for the accelerometer
data.
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Station
Name

AMAGM1A
AMAGM1B
AMAGM1C
AMAGM2A
AMAGM2B
AMAGM4A
AMAGMSA
AMAGM6A

Station Loc
ui9ay

156m N3gE
15m N38E
15m N38E
258m N38E
258m N3sE
640m N20E
644m S39E
640m S8oW

Table 7. Amarillo J-8 Ground-Motion Station Data

Accelerometer

Endevco 10 g
Endevco 25 g
Endevco 25 g
Endevco 25 g
Endevco 25 g
Endevco 20 g
Endevco 20 g
Endevco 20 g

Northing (m) Easting (m)

280233

2802451
280245
280245
280436
280436
280834
279731
280122

180167

801

180177
180177
180325
180325
180386
180570

179537 ‘

Slant Range
640 (m) DOB

640
640
640
690
690
905
908
905

Travel Time

0.32
0.321
0.32
0.347
0.347
0.44
0.418
0.442
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Fig. 8. Ground-motion stations for Amarillo.
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Table 8. Amarilio SIG Resuits

Movement
Bali Array Dist Az Placement Comment

(cm)
1 1 25 195 ground Wind?
2 1 0 0 ground
3 1 o] o] ground
4 1 0 o] ground
5 1 0 0 ground
6 1 0 o] ground
7 1 4] o] ground
8 1 0 0 ground
9 1 0 o] ground
10 1 0 0 ground
11 1 0 o] ground
12 1 0 0 ground
13 1 0 0 ground
14 1 0 0 ground
15 1 0 0 ground
16 2 5.1 25 ground
17 2 0 0 ground
18 2 0 0 ground
19 2 0 0 ground
20 2 0 0 ground
21 2 0 0 ground
22 2 0 0 ground
23 2 0 0 ground
24 2 0 0 ground
25 2 0 0 ground
26 2 0 0 ground
27 2 0 0 ground
28 2 0 0 ground
29 2 0 0 ground
30 2 0 0 ground
31 3 76 15 dish Wind?
34 3 0 0 dish
35 3 0 0 dish
36 3 0 0 dish
37 3 0 0 dish
38 3 0 0 dish
39 3 0 0 dish
40 3 0 0 dish
41 3 0 0 dish
42 3 0 0 dish
43 3 0 0 dish
44 3 0 0 dish
45 4 0 0 dish
46 4 0 0 dish
47 4 0 0 dish

B-60



Los Alamos National Laboratory LAUR-93-3438
EES-3 Appendix B
Source Region Program Surface Ground Motion

Table 8 Amariilo SIG Results (Continued)

Movement
Ball Array Dist Az Placement Comment
(cm)

48 4 0 0 dish
49 4 0 0 dish
50 4 0 0 dish
51 4 0 0 dish
52 4 0 0 dish
53 4 0 0 dish
54 4 0 0 dish
55 5 0 0 dish
56 5 0 0 dish
57 5 0 0 dish
58 5 0 0 dish
59 5 0 0 dish
60 5 0 0 dish
61 5 0 0 dish
62 5 0 0 dish
63 6 0 0 dish
64 6 0 0 dish
65 6 0 0 dish
66 6 0 0 dish
67 6 0 0 dish
68 6 0 o] dish Gully bottom
69 6 0 0 dish
70 6 0 0 dish
71 6 0 0 dish
72 6 0 0 dish
73 7 0 0 dish
74 7 0 0 dish
75 7 15.2 60 dish
76 7 0 0 dish
77 7 0 0 dish
78 7 0 0 dish
79 7 0 o] dish
80 7 0 0 dish
81 7 12.7 60 dish
82 7 0 0 dish
83 7 0 0 dish
84 7 0 0 dish
85 7 0 0 dish
86 7 0 0 dish
87 7 0 o dish
88 7 0 0 dish
89 7 0 0 dish
90 7 0 0 dish
91 7 0 0 dish
92 7 0 0 dish
93 7 0 0 dish
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Table 8. Amatrillo SIG Results (Continued)

Movement
Ball Array Dist Az Placement Comment
(cm)
94 7 0 0 dish
85 7 0 0 dish
96 7 0 0 dish
97 8 0 0 dish
98 8 7.6 225 dish
Q99 8 0 0 dish
100 8 0 0 dish
101 8 7.6 195  dish
102 8 0 0 dish
103 8 0 0 dish
105 9 0 0 dish
106 9 0 0 dish
107 9 0 0 dish
108 9 0 0 dish
109 9 0 0 dish
110 9 0 0 dish
111 9 0 0 dish
112 9 0 0 dish
113 9 0 0 dish
114 9 0 o] dish
115 10 0 0 dish
116 10 0 0 dish
117 10 0 0 dish
118 10 0 0 dish
119 10 0 0 dish
120 10 0 0 dish
121 10 0 0 dish
122 0 7.6 315 dish
123 10 7.6 45 dish
124 10 0 0 dish
125 11 0 0 dish North of Silent Canyon
126 1 0 0 dish
127 11 0 0 dish Same dish as Ball #150
128 11 0 0 dish Same dish as Ball #149
129 1 0 0 dish Same dish as Ball #148
130 11 0] 0 dish Same dish as Ball #147
131 1 0 0 dish Same dish as Ball #146
132 11 0 0 dish Same dish as Ball #145
133 11 0 (o] dish Dish adjacent to Ball #144
134 11 0] 0 dish Dish adjacent to Ball #143
135 11 0 0 dish Dish adjacent to Ball #142
136 11 o] 0 dish Dish adjacent to Ball #141
137 M 5.1 150 dish Dish adjacent to Ball #140
138 11 0 0 dish Dish adjacent to Ball #139
139 11 0 0 dish Dish adjacent to Ball #138
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140
141
142
143
144
145
146
147
148
149

Array

11
11
1
"
L
11
11
LA
11
1

Table 8. Amarillio SIG Results (Concluded)

Movement
Dist

(cm)

0

25

[~ NeNeoNeoNoNoNoNo)

R

&

CO0OO0OO0OO0OODOOCONDO
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Placement

dish
dish
dish
dish
dish
dish
dish
dish
dish
dish

Comment

Dish adjacent to Ball #137
Dish adjacent to Ball #136
Dish adjacent to Ball #135
Dish adjacent to Ball #134
Dish adjacent to Ball #133
Same dish as Ball #132
Same dish as Ball #131
Same dish as Ball #130
Same dish as Ball #129
Same dish as Ball #128
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4.6. Hornitos (U20bc)

Experiment design. The only ground-motion measurement made on Homitos was the
SIG experiment. SIGs were deployed at 147 sites on four azimuths. The azimuths and
approximate distances are listed in Table 9, which also lists the postshot observations
for each SIG. (For easy reference purposes, these four azimuths are called ‘north,’
'east,’ 'south,’ and ‘west.') For this experiment, a golf ball was used as the SIG. At
each site, a 15.2-cm diameter plastic dish filled with ~2 cm of soil was placed on a level
cleared area. The golf ball was centered in the dish. Spacing between sites was
approximately 30-40 m (Fig. 10).

SIG results. SIG retrieval was started the afternoon of the event and concluded
2 November 1989. The data from the SIGs are more complex than anticipated. In
many cases, just measuring the azimuth and distance the ball moved would ignore
much of the data. The soil in the dishes held the traces of the ball rolling. For that
reason, the azimuth and distance values in the table usually indicate the total distance
the ball rolied on a single azimuth. In addition, the azimuth and distance on which the
initial motion occurred are the ones listed in the table, when that could be determined.

In several instances, the ball rolled forward (forward is defined as the direction toward
SGZ), then rolled backward (backward is away from SGZ), on the same azimuth. The
distance is the length of the track, and the azimuth is the direction from the ball origin to
its final position. However, at some time, the ball had to roll the opposite direction, 180°
off.

The following is a summary of observations on the SIG movements:

1. Based on SIG data, SGM within the spall zone was not concentric with SGZ.
There was no SIG movement west of the Purse fault on the west azimuth
(beyond the predicted edge of spall). On the other three azimuths, there was
SIG motion at the furthest locations, which were well beyond the predicted edge
of spall.

2. SIG movements were significantly different on the northern azimuth than on the
other three. Several locations on the north azimuth indicated compiex roll
patterns, roughly a north-south motion and then an orthogonal east-west motion.
On the other three azimuths, rolling was generally on a single azimuth.

3. On the east azimuth SIGs were deployed closer to SGZ than on the other three
azimuths. At these closer locations, the SIGs were thrown from their dishes and,
at the closest locations, the dishes had moved. None of the dishes were
overturned, just moved horizontally. They were probably lofted, as there weren't
traces in the dirt of the dishes sliding.

4, All but two of the SIGs at the first 17 locations on the east azimuth were thrown
from their dishes. Some factors that may help explain this are: (1) closer
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proximity to SGZ; (2) much of this part of the traverse is on a hill between two
drainages; and (3) locations E-12 through E-17 are in the vicinity of the second
drainage where the preexisting fractures were reactivated. Three of the four
SIGs that were thrown out of dishes on the north azimuth are also in fairly close
proximity to SGZ. In addition, the north azimuth follows a drainage that is very
likely structurally controlled. However, we have no explanation for the SiGs that
were thrown out of dishes on the south azimuth. These locations were on a
gentle, north-facing slope. We found very few cracks or any type of surface
disruption on this slope. In addition, the SIG that moved the most was the
furthest location on the south azimuth to be thrown out. It was close to the top of
the slope.
5. Initial motion of the SIGs, in general, seems to have been toward SGZ.

B-74



Los Alamos National Laboratory LAUR-93-3438
EES-3 Appendix B
Source Region Program Surface Ground Motion

v -'."'Q:;(\ vl //"r L | - ‘ .
T S

‘__,a / n . .‘pf.._::{\\ "Q..\ ol o
oDV \ A
S

\\‘//p X

/%\{/LJ

Fig. 10. Hornitos experimental plan.
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Loca-

tion

E-1
E-2
E-3
E-4
E-5
E-6
E-7
E-8
E-9
E-10
E-11
E-12

E-13
E-14
E-15
E-16
E-17

E-18
E-19
E-20
E-21
E-22
E-23
E-24
E-25
E-26
E-27
E-28
E-29
E-30
E-31

Azl Dist
from SG2
(deg) m)
105 457
105 495
105 5233
105 572
105 610
105 648
105 686
105 724
105 762
105 800
105 838
105 876
105 914
105 953
105 991
105 1029
105 1067
105 1105
105 1143
105 1181
105 1219
105 1257
105 1524
105 1562
105 1600
105 1638
105 1676
105 1715
105 1753
105 1791
105 1829

Dist Azl
Moved
(cm) __(deg)
559 145
533 105
457 13¢
16.2 310
432 65
203 115
305 120
203 135
330 150
203 135
406 75
38.1 110
7.6 110
0 0
178 90
152 5
20.3 165
4] 0
5.1 285
7.6 265
51 290
38 245
0 0
25 275
0 0
5.1 275
7.6 110
7.6 245
7.6 255
25 245
1562 165

Table 9. Hornitos SIG Data

Comment

Dish moved at least 30.5 cm at 165°; ball moved 30.5 cm at 125%rom new location of dish.
Dish moved ~5.1 cm at 105°; ball moved 48.3 cm from new location of dish.

Dish imoved 45.7 cimiat 105, ball moved 22.5 ¢m ai 195° from dish.

Thrown from dish.

Dish moved 12.7 cm at 105°, ball moved 38.1 cm" at 75° from dish.

Dish moved 20.3 cm at 115°, ball stayed in dish.

Thrown from dish.

Thrown from dish. Crack 0.6 m west of dish, heading 40°-220°.

Thrown from dish.

Thrown from dish, ditt in dish shifted to 135°.

Thrown from dish. .

Thrown from dish. Reactivation of major fracture between E-12 and E-13, heading 355°-10°.
Ground disrupted, rocks overturned.

Rolled.

Thrown from dish. Reactivated cracks between E-15 and E-16, heading 15°-25°.

Thrown from dish.

Thrown from dish. Dirt in dish shifted to 85°. Numerous reactivated cracks between E-17 and E-18,
heading 15°-25°,

Rolled in dish, ball was shifted, but ended up at origin.

Rolled in dish, ball was shifted, but ended up at origin.

Rolled.

Rolled.

Rolled.

Rolled.

Movement questionable, rabbit tracks in vicinity.
Rolled,

Rotled.

Rolled back and forth.

Rolled.

Rolled generally back and forth.
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Loca-
tion

E-32
E-33
E-34

E-35
E-36

E-37

E-38
E-39
E-40
S-1
S-2
S-3

S-5
S-6
S-7

S-9

S-10
S-12
S-13
S-14
S-15
S-16
S-17

L

Azl Dist

from SGZ

(deg) m)

105 1859
105 1890
105 1920
105 1920
105 1923
105 1923
105 1926
105 1951
105 1981
195 1036
195 1067
195 1097
195 1128
195 1158
195 1189
195 1219
195 1250
195 1280
195 1311
195 1341
195 1372
195 1402
195 1433
195 1463
195 1494

A 4
Dist Azl
Moved
(cm) __(deg)
178 330
38 310
0 0
25 250
0 0
0 0
0 0
7.6 205
76 280
127 40
162 25
7.6 15
5.1 15
76 25
25 5
51 55
7.6 355
102 10
102 5
127 b5
203 355
102 10
76 0
38 0
1562 355

Table 8. Hornitos SIG Data (Continued)

Comment

Thrown from dish.

Rolled.

Rolled in dish, ball was shifted, but ended up at origin. Reactivation of fractures on Boxcar fault,
general heading 345°. Location: 4.5 m north of E-35, 4.5 m west of E-36, west side of Boxcar
fault.

Rolled back and forth. Location: 4.5 m west of E-37, 4.5 m south of E-34, west side of Boxcar
fautt.

Rolled in dish, ball was shifted, but ended up at origin. Location: 4.5 m east of E-34, 4.5 m north
of E-37, east side of Boxcar fauit.

Rolled in dish, ball was shifted, but ended up at origin. Some indication of motion on heading 65°-
245°,

Location: 45 m east of E-35, 45 m south of E-36, east side of Boxcar fault.

Location: 3 m east of E-37.

Rolled.

Rolled.

Rolled back and forth, general heading 20°-30°.

Rolled back and forth, general heading 15°-35°.

Rolled back and forth in front part of dish.

Rolled back and forth.

Rolled back and forth.

Rolled back and forth.

Rolled back 5.1 cm 235°, forward at 65°, then toward west.

Rolled forward, dirt in dish shifted to back.

Thrown out of dish.

Rolled back and forth.

Rotled back and forth.

Thrown out of dish.

Rolled back and forth.

Rolled back and forth.

Rolled off center, dish shaken, no roll tracks.

Thrown out of dish.
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Loca- Azl Dist
tion from SGZ
(deg) m)
S-18 195 1524
S-i9 195 1554
S-20 195 1585
S-21 195 1615
§-22 195 1646
S-23 196 1676
S-24 196 1707
S-25 197 1737
S-26 197 1768
S-27 198 1798
S-28 198 1829
S-29 199 1859
§-30 199 1890
S-31 200 1920
S-32 200 1951
S$-33 200 1981
S-34 201 2012
S-35 201 2042
W-1 275 1250
W-2 275 1280
W-3 275 1311
SW-4 275 1341
W5 275 1372
W-6 275 1402
W-7 275 1433
w-8 275 1463
W9 275 1494
W-10 275 1524
W-11 275 1554
Ww-12 275 1585
W-13 275 1615

Dist Az
Moved
(cm) (deg)
102 15
i5.2 20
162.6 45
152 5
152 5
6.4 15
38 15
38 15
6.4 355
7.6 350
10.2 355
8.9 5
51 30
7.6 30
127 10
127 20
102 5
102 5
127 135
7.6 100
127 100
127 115
0 0
38 100
0 0
38 285
0 0
0 0
0 0
38 110
127 115

Table 9. Hornitos SIG Data (Continued)

Comment

Rolled back and forth.

Roiied back and forth.

Thrown out of dish.

Rolled back and forth.

Rolled back and forth.

Rolled back and forth.

Rolled forward.

Rolled forward.

Rolled back and forth.

Rolled back and forth. .
Rolled back and forth. '
Rolled back and forth.

Rolled.

Rolled.

Rolled back and forth.

Rolled back and forth.

Rolled back and forth.

Rolled back and forth.

Rolled back and forth.

Rolled back and forth.

Rolled back and forth; minor cracking 3 m east of dish, heading 15°; crack .6 m west of dish,
heading 15°-25°; reactivated crack 3 m west of dish, heading N.
Rolled back and forth.

Rolled.
Rolled backward.

Rolled.
Rolled back and forth.

UOHOW PUNOIE) BOBLNS

wesboid uoibey eainos

£-S349

g xjpuaddy
8EYE-E6-HNVT

AlojBiOqE] [BUOIBN SOWEJY SO



Loca-
tion

W-14
W-15
W-19
W-16
W-17
W-18
W-20
W-21
W-22
w-23
W-24
W-25
W-26
8 w7
© W-28
W-29
W-30
W-31
W-32
W-33
W-34
W-35
N-1
N-2
N-3
N-4
N-5
N-6
N-7
N-8

L

Azi Dist
from SGZ
(deg) m)
275 1646
275 1676
275 1737
275 1707
275 1707
275 1710
275 1768
275 1798
275 1829
275 1859
275 1890
275 1920
275 1951
275 1981
275 2012
275 2042
275 2073
275 2103
275 2134
275 2164
275 2195
275 2225
345 762
345 800
345 838
345 876
345 914
345 953
345 991
345 1029

9
Dist Azl

Moved
(cm) _(deg)
13 140
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
127 325
0 0
12.7 280
25 140
5.1 355
25 310
102 350
102 350

Table 9. Homnitos SIG Data (Continued)

Comment
Rolled. Reactivation of old fracture 9 m east of dish, heading 0°.

Location: 1.5 m south of W-16, east side of Purse fault.
Location: 6 m west of W-16, west side of Purse fault.
20 m west of W-20-hairline crack on old pressure ridge, but animal burrow 3m north not affected.

Thrown out of dish.

Major fracture 4.5 m north of dish not reactivated (300°).

Thrown out of dish. Minor reactivation of major fracture 2.5 m south of dish.

Rolled.

Dirt shifted in dish toward 280°.

Rolled.

Thrown out of dish; ditt in dish shifted.

Rolled back and forth on 350° azimuth, then rolled heading 235°, and stopped at edge. Crack3m
north of dish into gully bottom and up the other side, heading 75°-125°. Lost crack in the rocks.
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08-9

Loca- Azl Dist
tion from SGZ
(deg) m)
N-9 345 1067
N-1¢ 345 1165
N-11 345 1143
N-12 345 1181
N-13 345 1219
N-14 345 1257
N-16 345 1295
N-16 345 1334
N-17 345 1372
N-18 345 1410
N-19 345 1448
N-20 345 1486
N-21 345 1524
N-22 345 1524
N-23 345 1562
N-24 345 1562
N-25 345 1600
N-26 345 1638
N-27 345 1676
N-28 345 1715
N-28 345 1753
N-30 345 1791

Dist Azl
Moved
(cm)__(deg)
7.6 165
7.5 o
10.2 280
7.6 115
7.6 160
25 180
15.2 205
76 225
15.2 170
38 45
10.2 165
12.7 350
5.1 160
7.6 330
7.6 325
7.6 150
25 160
7.6 295
2.5 180
25 335
0 0
5.1 235

Table 9. Hornitos SIG Data (Continued)

Comment

Rolled forward.

nolied backward (downsiope). Rock sfide 6 m norih of dish.

Thrown out of dish.

Rolled forward to edge of dish, then rolled along edge of dish both E and W.

Rolled forward to edge of dish, then rolled along edge of dish both E and W. Crack halfway
between.

N-13 and N-14, at 215°, _

Rolled forward, then side to side. Crack 3 m north of dish, discontinuous, general heading 355°.
Rolled back and forth on heading 205°, then to the southeast. Final offset 7.6 cm at 140°.

Roll pattern in dirt disrupted some. Initial motion may be on 165°-345° azimuth.

Rolled back and forth full 15.2 cm. Final offset 6.4 cm at 170°. Crack halfway between N-16 and N-
17.

3 m from edge of gully.

Rolled. Location: in the bottom of a gully.

Rolled back and forth. Some orthogonal motion toward the NE.

Rolled forward then in an arc toward the east to the back edge of dish. Final offset 7.6 cm at 350°.
Rolled forward then back to center. Location: 4.5 m east (85°) of N-22.

Rolled back.

Rolled backward 7.6 cm at 325°, then along edge of dish to 235°. Located 9 m east of N-24, on
hard.

rock outcrop.

Rolled back and forth.

Rolled.

Roll pattern partially disrupted; some rolling on azimuth 150°-330°. Cracks 3 m north of dish,
general.

heading 50° along gully bottom; crack spacing 4.5 m from each other.

Unknown roll pattern.

Rolled backward.

Strange roll pattern: segment 2.5 cm at 150°, at each end of this segment, a 5.1 cm arc orthogonal
toward the west. Final offset 5.1 cm at 235°,
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Table 9. Hornitos SIG Data (Concluded) nmmre
omo
Loca- Azl Dist Dist Az  Comment 3%
tion fromSGZ Moved °© TS
(deg) m)  (cm) (deg) 2 3
. =~ 7/
N-31 345 1828 O 0 Very minor hairline cracks on major fractures located 1.5 m northwest of dish, heading 350°. S S
N-32 345 1867 76 160  Two roli segments: 7.6 cm at 160°, then orthogonal set 7.6 cm at 225° (final position). Roll tracks Ry g
cross. Crack heading 340° close to dish. é ) |
N-33 345 1905 102 220  Strange roll pattern: 10.2 cmat 220°, 5.1 cm at 325°, and 3.8 cm at 285° (final position). o g |
N-34 345 1943 0 0 3 ~ ‘
N-35 345 1981 O 0 Small crack heading 45°, 0.3 m west of dish. g |
N-36 345 2019 127 180 Rolled back and forth. ]
N-37 345 2057 102 195 Rolled back and forth. ]
o
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4.7. Metropolis (U2gg)

Experiment design. To better define a spall zone and its motions, two separate spall-
zone experiments were performed on Metropolis. A polar grid, centered on SGZ, was
drawn to serve as a starting point for iocations of the two experiments. The actual
deployment locations are drawn on Figure 11. Instrumentation lines are approximately
every 30° of azimuth, and the distance between circle nodes is approximately 150 m.

Of a possible 108 nodes, 71 were accessible to install arrays (see Table 10). Arrays
were also installed at each of the accelerometer locations, even those not at nodes, to
provide a method of comparing the movements of the balls to the quantitative
measurements taken by the accelerometers.

SIG Experiment. For one experiment, a SIG array of 1-in. steel balls and golf balls
was placed at each node of the array that was accessible. Although ball arrays cannot
give quantitative data on SGM, they can give a more spatially complete characterization
of ground motions throughout the spalil zone. Analysis of ball motions (sometimes
limited to their final resting places) can give some qualitative measure of how the
surface reacted to the ground shock: (1) Is the shock impulsive enough to ‘launch’ the
balls? (2) If the balls do not leave the ground, do they show preferential movement,
e.g., away from SGZ? (3) Are the surface motions, as evidenced by ball
displacements, at a given distance from SGZ of the same magnitude?

A SIG array consisted of 5 steel balls and 2 golf balls, placed in a cross (one crossbar
was oriented along the azimuth to SGZ and the other perpendicular). One steel ball
and the golf balls were placed at the intersection of the two crossbars, and a steel ball
was placed at the end of each 10-m arm. An 8-cm nail was placed under each ball to
mark its starting position. In the middle, the steel ball was set on a 25-cm spike, one
golf ball was set on a nail, and the other was placed in a 15-cm plastic dish, partially
filled with soil, and attached to the ground by a nail. The steel bails were color-coded in
order to be able to track their movement: white in the middle, red toward SGZ, blue
away from SGZ, orange to the left (when facing SGZ), and green to the right.

Accelerometer Experiment. The second spall zone experiment involved placing 19
triaxial, force-balanced accelerometer packages about 150 m inside of and 150 m
outside of the predicted edge of spall (ESA measurements). These quantitative results
on the edge of spall were to be compared directly with the results of the SIG experiment
and with the predictions of the limit of spall.

These experiments were designed to map and characterize ground motion in the spall
zone and determine its limits. Some of the questions that these experiments were to
address are: (1) Is the spall zone circular? (2) Is the energy in the spall zone equally
partitioned? (3) Does the transition from spall to no spall have any distinctive
characteristics? (4) Does a collapse chimney in close proximity to an explosion
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capture/attenuate the shock wave? Which signals are affected: surface effects, local
ground motion, regional seismic? (5) Does a fault, like the Yucca system,
capture/refiect/attenuate the shock wave, and which signals are affected?

In addition to the spall-zone definition experiments, GRMPY fielded 14 stations inside
the predicted spall zone.

In Figure 11, stations with solid circles had SIG arrays only; stations denoted by an "F"
had a SIG array and an FBA package; stations denoted by a "G"* had only a GRMPY
station.

- SIG Results. Observations of the SIG arrays began about 3 hours after zero time.

The ball arrays at 9-8, 9-7, 8-8, 10-8; 11-8, 12-8 were recorded Saturday, the day of the
event. High winds and blowing dust caused fieldwork to be stopped early. Fieldwork
was not possible Sunday because of the extremely poor weather conditions. During
the following two days, all of the ball arrays were visited and the movements noted.
The order in which each location was visited is usually considered very important.
However, because most of the subtle effects were significantly altered and obliterated
by the weather (i.e., the tracks of the balls rolling on the ground), the chronology is not
a factor when analyzing the surface effects data.

In most cases, the balls apparently did not get enough of an impulse from the ground
shock to be “launched," i.e., the balls apparently just rolled around on the surface of the
ground. At a couple locations, the ground around the array was extremely disrupted.
Figure 12 attemts to graphically depict the motions observed. These data are listed in
Table 11.

Accelerometer Results. As noted in the section describing ESA measurements, the
arrival times for these measurements are not accurate due to the drift in the internal
clocks of the digital recorders. Nineteen stations were fielded with portable digital
recorders (REFTEKSs); GRMPY fielded 14 stations of which seven appear to have been
collocated. All cf the GRMPY stations appear to have spalled, but only nine of nineteen
ESA stations appear to have spalled (METSG3A, 3B, 4A, 4B, 7A, 7B, 8A, 9A and 10A)
and of these, four appear to have been right at the edge of spall (4A, 4B, 7A and 8A).
The edge of spall as defined by the 1-g vertical acceleration limit, from the
accelerometer records, is depicted graphically in Figure 13. Note that the spall zone for
Metropolis is not circular, and appears to extend outside the predicted zone along the
Yucca fault and contract inside the prediction south and northwest of SGZ. Figure 14
(29 pages) contzains the data traces for the accelerometer data.
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Fig. 11. Metropolis deployment locations.
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Station
Name

METGR1A
METGR2A
METGR3A
METGR4A
METGRSA
METGR6A
METGR7A
METGR8A
METGR9A
METGR9B
METGR9C
METGR10A
METGR10B
METGR10C
METSG1B
METSG2A
METSG2B
METSG3A
METSG3B
METSG4A
METSG4B
METSGSA
METSGS5B
METSG6A
METSG6B
METSG7A
METSG7B
METSGB8A
METSGSB
METSG9A
METSG9A

Station Loc
U2gh

15mS
230 m N61E
686 m N27E
457 m S78E
474 mN17W
476 m S47W
686 m S59E
681 m N64aW
686 m N27E
686 m N27E
686 m N27E
686 m N27E
686 m N27E
686 m N27E
1160m S
810 m S35W
1070 m S35W
745 m S60W
994 m S60W
1100 m S89W
1060 m N78W
845 m N53W
1100 m N56W
860 m N25W
1175 m N25W
880 m N7E
1055 m N5E
875 m N37E
1105 m N36E
890 mE
890 mE

Table 10. Metropolis Ground Motlon Station Data

Accelerometer

Endevco 25 g
Endevco 25 g
Endeveo 28 g
Endevco 25 g
Endevco 25 g
Endevco 25 g
Endevco 25 g
Endevco 25 g
Endevco 25 g
Endevco 25 g
Endevco 25 g
Endevco 25 g
Endevco 25 g
Endevco 25 g
TerraTec5.28 g
TerraTec3.7 g
TerraTec5.28 g
TerraTec3.7g
TerraTec5.28g
TerraTec3.7 g
TerraTec5.289g
TerraTec3.7g
TerraTec5.28 g
TerraTec3.7 g
TerraTec5.28g
TetraTec3.7g
TerraTec5.28g
TerraTec3.7 g
TerraTec5.28 g
TerraTec3.7 g
TerraTec3.7g

Northing (m) Easting (m)

262279 206746
262266 206745
262388 206948
262850 207056
262184 207192
262734 206610
261953 206398
261930 207335
262578 206133
262890 207056
262890 207056
262890 207056
262890 207056
262890 207056
262890 207056
261119 206746
261615 206281
261403 206132
261569 206519
261781 205884
262260 205646
262059 205709
262788 206071
262894 205834
263058 206383
263344 206249
263152 206853
263330 206838
262978 207273
263173 207396
262279 207636
262279 207636

Slant Range
469 (m) DOB

469
522
830
654
667
669
830
827
830
830
830
830
830
830
1251
937
1168
881
1100
1196
1159
967
1196
979
1265
997
1155
993
1201
1006
1006

TOA

0.285
0.466
0.359
0.393
0.387
0.458
0.471
0.467
0.47

0.466
0.468
0.465
0.46

2.52

2.536
2.587
2512
2.553
2.552
2578
2.401
2.456
2.526
2579
2.468
2512
2519
2.583
2.465
2.465
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Station
Name

METSG9B
METSG10A

Station Loc
U2gh

1095 mE
1085 m S57E

Table 10. Metropolis Ground Motion Station Data (Concluded)

Accelerometer Northing (m) Easting(m) Slant Range
262279 206746 469 (m) DOB

Tetra Tec 5.28 g 262279 207841 1191

TerraTec 3.7 g 262870 207656 1182

TOA

2.525
2.486

hOmer
gmy
3Py
(Dms
3 3
Q 9
o
3 2
v )
J =
§ 8
A b
o
3
)
8
o
o
<
w
[
)
2
$nd
SS3
Q.gco
23 ®
Qg
Sw



LAUR-93-3438 Los Alamos National Laboratory
Appendix B EES-3

Surface Ground Motion Source Region Program

2y 'li .‘ A0} : i N
.:.':\ prey \,"I‘)".I,(/'l / ",\‘l D |r A - )
PIISD) NS | S NG|
IR ANl N L
.hw.(" —-a2\Y K
) gh “f" § \;}\. ifilh o S

Contour Intervals

1-1-6in
2-6-12in
3-12-18In
4-18-24in
$->24in

0_ 100 200 300
)

meters

Ao WA e {Minimum of 2 balls In array
$OEN o 535 ) moved at least the distance
A 1{ : e ”xl in an interval.)

Fig. 12. Results of the SIG experiment on Metropolis. Note that the motion

patierns are not concentric around SGZ but appear to be influenced by
the Yucca Fault.
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Loca-
tion

b ah b
o=

17
2-1
2-2
2-3
2-4

2-5

06-9

2-7
3-1
3-2

3-3

3-4
3-5

Out

Golf Balls

In Dish
Dist Az Dist
0 0
0 0
0 0 14.0
81.3 335 343
0 0
0 0
0 0 0
5.1 40 5.1
5.1 190 1.4
406 160 279
254 45 279
5.1 115
0 0
0 0 15.2
15.2 150 12.7
216 240 445

Azl

45

225

170

160

315
75

Red

Dist

£ 2 1]

38

15.2

76

10.2
10.2

*ed

5.1

343
25

8.9

5.1
19.1

Azi

[ 21

345

60

175
g5

L 22

270

285

175
170

White
Dist Az
0 0
0 0
0 0
305 355
5.1 70
0 0
7.6 15
7.6 325
10.2 315
162 138
0 0
6.4 115
7.6 135
51 45
12.7 45

Steel Balls
Blue

Dist Az
0 0

0 0
25 105
305 340
102 60
0 0

0 0
102 150
140 80
178 165
24.1 85
0 0
127 120
38 160
127 80
26.7 200

Table 11. Metropolis SIG Results

Green
Dist Az
0 0
0 0
102 345
38 95
51 125
127 300.
7.6 95
7.6 135
8.9 165
178 150
178 95
0 0
38 255
102 105
8.9 245
5.1 330

Orange
Dist Az
0 0
C )

0 0
24 1 355
0 0~
0 0

0 0
162 90
89 105
162 210
8.9 70
0 0
1562 180
38 215
12.7 130
178 195

Comments

Ball in dish roled,
but ended up at
ofigin

Many reactivated
fractures

Several cracks
heading 345°-15°

Cracks
reactivated

Minor reactivation
of cracks; crack
close to dish and
blue ball

Several cracks
reactivated
heading 45°,
crack close to
blue balf
Numerous cracks

Ball in dish rolled,
but ended up at
origin

Ball in dish rolled,
but ended up at
origin
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16-9

Loca-
tion

3-6
4-1
4-1S
4-2
4-3
4-4
4-5

4-7

Out

. L 4
Golf Balls
In Dish

Dist Azl Dist
26.7 90 24.1
0 0
0 0
0 0
7.6 245 12.7
7.6 305 7.6
15.2 105 8.9
483 275 406
2.5 145
5.1 95
0 0 8.9
7.6 90 10.2
102 295 254
83.8 340 35.6
25 265
25 325
25 345 64
3.8 0 15.2
25 50 22.9
0 0

Az|

80

175
135
3565

285

1565

155
320
270

260
355
345

Red

Dist

7.6
24.1
0
16.5
10.2
76

£ 214

3.8

2.5

8.9

L 214

43.2

6.4
3.8
5.1
5.1

£ 214

Azi

65
325

275
245
105

L 214

220

350

110

(11

310

130
105
100
130

L 21

White
Dist Azl
19.1 295
0 0
0 0
5.1 255
114 225
16,5 270
50.8 265
0 0
0 0
51 45
25 40
165 220
20.3 230
0 0
38 285
25 350
7.6 45
0 0

Steel Balls
Blue

Dist Azl
178 40
0 0

0 0

0 0
8.9 50
114 305
50.8 310
33.0 290
5.1 315
8.9 70
5.1 300
0 0
10.2 210
38.1 50
0 0
25 240
0 0
5.1 260
7.6 100
0 0

Table 11. Metropolis SIG Results (Continued)

Green
Dist Azl
10.2 240
0 0
0 0
0 0
7.6 0
7.6 25
483 120
45.7 300
0 0
6.4 210
12.7 205
25 195
114 305
432 285
38 175
25 180
203 185
10.2 330
254 0
191 235

L 4

Orange
Dist Azl
254 10
0 0
0 0
5.1 245
178 90
2.7 185
432 285
25 130
76 210
38 55
76 150
12.7 240
432 345
12.7 270
38 205
5.1 285
203 5
6.4 75
0 0

Comments

Area totally
disrupted; no nails
for red, white ball
locations

Red ball may have
rolled back and
forth

Ball may have
rolled around in
dish

White ball rolled
into small
depression

Amay close to
drillback pad

Red ball gone, flag
and nail pulled out
of ground
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Loca-
tion

7-2

7-3
7-4

7-5
76

7-7

o &1
& 8-2
N 8.3
8-4
8-5
8-6

8-7

9-1
9-2
9-3
9-6
9-7

9-8

Out

Golf Balls

In Dish
Dist Azl Dist
25 240
0 0 0
4] 0 0
38 215 0
7.6 275 12.7
178 180 29.2
38 175
0 0
7.6 210 25
25 255 12.7
33.0 190 10.2
356 180 229
16.2 60 20.3
25 135
0 0
5.1 200 O
1562 180 30.5
102 25 17.8
279 315 584

Az}

155
75
30

185

75
265

70

Red

Dist

0

hae

L2 2]

5.1
10.2

229

5.1
5.1
305
165
8.9

114

25

14.0
8.9

38.1

Azi

L2 2]

t 2 1]

270
160

165

150

35

325
255
135

130

White
Dist Azl
0 0
0 0
0 0
25 115
254 325
203 170
5.1 75
0 0
2.5 130
229 200
51 180
178 195
38.1 75
0 0
0 0
0 0
25 170
7.6 65
26,7 95

Steel Balls
Blue
Dist Az
140 345
5.1 180
0 0
76 300
140 180
38 50
0 0
25 75
102 295
12.7 165
127 125
5.1 255
0 0
25 205
0 0
178 105
267 35
305 90
y X

Table 11 Metropolis SIG Results (Continued)

76

Green
Dist Azl
0 0
0 0
25 100

.38 40 -
457 165
25 225
25 315

330
38 280
6.4 285
140 205
26.7 95
0 0
0 0
0 0
229 75
152 75
533 65

d

Orange
Dist Az
6.4 30
8.9 315
254 315
267 170
0 0
5.1 110
76 95
25 200
8.9 160
127 95
559 100
0 0
0 0
0 0
394 75
140 60
254 65

V9

Comments

Ball in dish rolled
GiouUnd Some

Array next to road,

possibly tampered
with

Numerous cracks
reactivated

Motion toward sink;
Nail lost-origin of
white ball estimated

Numerous cracks
Fracture through
blue pad

Cracks close to
green ball;
numerous cracks
heading 345°

Crack close to
orange ball heading
3450

Ground slightly
disrupted
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£6-9

Out

w A4
Golf Balls

Loca- InDish
tion Dist Azl Dist
10-1 30 0
102 0 0
10-3 5.1 280 10.2
of Yucca Fault
104 5.1 210 15.2
10-5 351 290 15.2
106 25 180 20.3
10-7 229 195 43.2
115 38 135 254
116 305 325 559
11-7 419 215 15.2
11-8 559 195 305
122 5.1 255 89
12-3 0 0 20.3
124 25 15 1.3
12-6 229 165 17.8
126 838 165 432

Distance moved (Dist) in centimeters; azimuth moved (Azi) in degrees from true north.

Azi

190

105
230

100
145
250
195

60

60
300
350

115

100
125

Table 11. Metropolis SIG Results (Concluded)

L4
Red

Dist Azl
0 0
114 325
6.4 190
10.2 180
165 255
0 0
162 135
10.2 285
533 215
102 350
432 95
0 0
152 150
5.1 140
203 120
7.6 150

*** Ball was found to be missing postshot.

White
Dist Azl
0 0
25 355
25 275
0 0
0 0
38 215
305 145
140 50
15.2 300
127 - 70
406 75
0 0
5.1 215
0 0
29.2 105
19.1 95

Steel Balls
Blue

Dist Azl
0 0
5.1 205
12.7 260
38 255
0 0
114 245
7.6 45
25 305
559 60
241 220
3.8 345
0 0
114 60
0 0
15.2 100
40.6 110

Green
Dist Azl
0 0
25 55
6.4 215
0 0
127 270
38 265
38 215
229 60
2134 120
5.1 295
127 55
38 35
7.6 25
0 0
254 120
368 145

L 4

Orange
Dist Az
0 0
0 0
0 0
152 215
140 15
6.4 215
25 280
165 125
279 220
102 185
305 75
0 0
0 0
0 0
6.3 115
394 150

Comments

Minor reactivation

Disruption zone
around Yucca
Fault; nail lost,
origin of green ball
estimated

Green pad covered
with rocks,

surface

slightly disrupted

White ball found in
a depression

Ball rolled around
in dish

3 9
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Q 8
3
S 3
R
Q
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3
8
o
3
)
<
@
2
®
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4.8. Mineral Quarry (U12n.22)

Experiment design. The Area 12 tunnel event, Mineral Quarry, had an array of 34
surface ground motion stations: 9 GRMPY (around SGZ, inside the predicted spall
zone) and 25 ESA stations (from just outside to well beyond the edge of predicted
spall), fielded by SMU and DNA/A (see Table 12 and Fig. 15).

Results. The records for the accelerometer stations fielded on Mineral Quarry are
given in Fig. 16 (32 pages). Of the nine GRMPY stations fielded, seven recorded good
spall signals and two, MINGR7A and 8A, recorded signals that indicated that the
stations were just at the edge of spall. Of the 25 planned ESA stations, five (including
MINSGB3A, 5A, 14A, 15A and the 9-element array) were recorded on DNA PDASs, the
data from which were not available as this report went to press. None of the ESA
stations recorded signals that indicated spall.
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NA AN Y~
Fig. 15. Mineral Quarry station map.
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Station
Name

MINGR1A
MINGR1B
MINGR1C
MINGR2A
MINGR3A
MINGR4A
MINGRSA
MINGR6A
MINGR7A
MINGRSA
MINGR9A
MINSG1A
MINSG1B
MINSG2A
MIN SG2B
MINSG4A
MINSG4B
MINSG6A
MINSG6B
MINSG7A
MINSG78B
MINSG8A
MIN SGsB
MINSG9A
MINSG9B
MINSG10A
MINSG10B
MINSG11A
MIN SG11B
MINSG12A
MINSG12B

Station Loc
ui2n.22

30 m N24E

30 m N24E

30 m N24E
205 m NO7W
423 m N59E
436 m SA1E
221 m S51W
390 m N18W
675 m N57W
580 m N71E

1055 m N86W
1195 m N74W
1025 m S59W
1035 m S74W
965 m S18W
965 m S30W
1315 m S16E
1295 m S2W
2130 m S8E
2140 m S8W
1800 m S15E
1995 m S8E
2285 m S8E
2500 m S13E
1515 m S31E
1375 m S23E
1115 m S53E
1215 m S44E
1120 m S77E
1275 m S82E

Table 12. Mineral Quarry SiG Data

Accelerometer Northing (m) Easting (m)

272672 192557
272700 192570
272700 192570
272700 192570
272876 192531
272833 192919
272345 192846
272535 192385
273044 192440
273043 191993
272857 193108
273083 192408
Terra Tec 3.7 g 272745 191505
TerraTec5.28¢g 272995 191405
TerraTec 3.7 g 272150 191675
TerraTec 5.28¢ 272385 191565
TerraTec 3.7 g 271755 192255
Terra Tec 5.28 g 271840 192070
Terra Tec 3.7 g 271410 192920
Terra Tec 5.28 g 271380 192515
TerraTec3.7g 270565 192860
Terra Tec 5.28 g 270555 192255
TerraTec3.7g 270935 193030
Terra Tec 5.28 g 270700 192840
TerraTec 3.7g 270410 192885
TerraTec 5.28g 270240 193135
TerraTec 3.7 g 271380 193345
Terra Tec 5.28¢g 271405 193090
Terra Tec 3.7 g 272000 193445
TerraTec5.28 g 271790 193395
TerraTec3.7g 272415 193645
Terra Tec5.28 g 272490 193820

Slant Range
(m) DOB

401
401
401
450
583
592
456
559
785
706
593
1128
1262
1100
1107
1045
1044
1373
1353
2166
2176
1844
2032
2320
2532
1565
1432
1183
1281
1187
1337

Travel Time

0.173
0.171
0.173
0.22
03
0.253
0.198
0.297
0.435
0.354
0.331
5.213
5.274
5.132
5.157
4.96
4,996
5.199
5.213
4.956
4.981
5.254
5.282
4.985
5.042
5.289
5.259
5.16
5.09
5.053
5.053
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Los Alamos National Laboratory LAUR-93-3438
EES-3 Appendix B
Source Region Program Surface Ground Motion

4.9. Bexar (U19ba)

Experiment design. To map the ground motions from a normally buried underground
nuclear explosion outside of the spall zone, an extensive set of ground-motion sensors
was fielded on Bexar (Table 13 and Fig. 17). In addition to the 15 J-8 stations inside
the spall zone (including three near SGZ), 39 ESA stations were fielded using portable
digital recorders. These last ranged in distance from just inside the edge of predicted
spall (about 1.8 km from SGZ) out to more than 8 km from SGZ.

Results. The J-8 results were originally reported out in April 1991 (Memo J-8-91-073,
R. S. Fitzhugh to F. N. App). The following note was included in this memo (italics
added):

** Data users please note: Because of a RIDS problem, the acceleration data was
digitized at a sample rate of only 53 Hz, which probably affected the ‘narrow’' peak
signal amplitudes and the integrated data. Also the baseline offset correction was not
operating properly.” :

All of the J-8 stations indicated spall. Of the 39 ESA stations fielded, 31 triggered
properly and recorded data. Only three of these functioning ESA stations recorded
signals near the spall level (BEXSG12A, 29A, and 32A). These results are shown in
the data traces in Fig. 18 (43 pages).
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Station
Name

BEXGM1A
BEXGM1B
BEXGM1C
BEXGM2A
BEXGM2B
BEXGM3P1
BEXGM3P2
BEXGM3P3
BEXGM3P4
BEXGM4A
BEXGMS5A
BEXGM6A
BEXGM7A
BEXGMs8A
BEXGM9A
BEXSG1A
BEXSG2A
BEXSG3A
BEXSG4A
BEXSG5A
BEXSG6A
BEXSG7A
BEXSG9A
BEXSG11A
BEXSG11B
BEXSG12A
BEXSG13A
BEXSG14A
BEXSG15A
BEXSG16A
BEXSG17A
BEXSG18A
BEXSG19A

Location

15 m S08W

15 m SO08W

15 m SO8W
258 m S30W
258 m S30W
258 m N6OE
258 m S30E
258 m S60W
258 m N32W
640mN.
640 m S60E
640 m S60W
977 m NO4E
968 m S79E
915 m S60W
5510 m NO4E
2930 m N35.1W
4130 m N1.5W
3440 m N16.5E
5640 m N73.2W
6810 m S78W
2960 m S15.6W
2190 m N26.9E
2520 m S60.7W
2700 m S57.5W
2210 m S68.5W
4870 m S74.1E
3100 m N51.8E
2650 m S22.7W
3180 m S72.1E
2900 m N68.2W
4460 m N57.8W
2690 m N9.1E

Table 13. Bexar Station Data

Accelerometer

Endevco 25 g
Endevco 25 g
Endeveo 25 g
Endevco 25 g
Endevco 25 g
Endevco 25 g
Endevco 25 g
Endevco 25 g
Endevco 25 g
Endevco 20 g
Endevco 20 g
Endevco 20 g
Endevco 20 g
Endevco 20 g
Endevco 20 g
TerraTec5.28¢g
Terra Tec 528 g
TerraTec5.28 g
TerraTec 528 g
TerraTec 528 g
TerraTec5.28 g
TerraTec 5.28 g
Terra Tec 5.28 g
TerraTec3.7g
TerraTec3.7 g
TerraTec3.7 g
TerraTec 3.7 g
TerraTec3.7g
TerraTec3.7 g
TerraTec 3.7 g
TerraTec3.7 g
TerraTec3.7g
TerraTec 3.7 g

Northing (m) Easting(m)
1

282534 83764
282519 183762
282519 183762
282519 183762
282311 183635
282311 183635
282663 183987
282311 183893
282405 183541
282753 183628
283174 183764
282215 184318
282214 183210
283509 183831
282356 184716
282075 182974
288020 184126
284927 182072
286630 183643
285847 184728
282929 178613
281094 177112
279681 182978
284504 184751
281296 181571
281075 181492
281719 181712
281223 188452
284466 186196
280091 182754
281572 186792
283603 181067
284898 179981
285190 184182

Slant Range
629 (m) DOB

629
629
629
680
680
680
680
680
680
897
897
897
1162
1155
1109
5534
2997
4146
3507
5204
6835
3025
2291
2596
2772
2296
4908
3169
2717
3239
2969
4505
2761

Travel Time

0.29
0.29
0.29
0.315
0.315
0.31
0.31
0.32
0.295
0.39
0.42
0.42
0.48
0.55
0.47
5.221
5.338
5.248
5.133
5.286
5.157
5.219
5.097
5.246
5.243
5.062
5.139
5.214
5.074
5.334
5.209
5.259
5.052
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yo1-9g

Station
Name

BEXSG20A
BEXSG21A
BEXSG22A
BEXSG23A
BEXSG24A
BEXSG25A
BEXSG26A
BEXSG26B
BEXSG27A
BEXSG29A
BEXSG32A
BEXSG37A

Location

3840 m S65.2E
1710 m S40.7W
15760 mS51.1c
2180 m N12.7W
1670 m N43.1E
3640 m N6.8E
2930 m N30.6W
2930 m N30.6W
3330 mN17.8W
1290 m S20.5W
2060 m S25.8E
2550 m N25.6W

Table 13. Bexar Station Data (Concluded)

Accelerometer

TerraTec3.7g
Endevco
£ndevco
Endevco
Endevco
Endevco
TerraTec 3.7g
Endevco
Endevco
Endevco
Endevco
Endevco

Northing (m) Easting{m)

282534

280941
281234
281626
284665
283739
286145
285050
285050
85562

281314
280653
284829

183764

187256
182653
185040
183279
184904
184178
182268
182268
182700
183318
184659
182657

Slant Range

629 (m) DOB

3889
1822
1688
2274
1774
3689
2994
2994
3271
1443
2176
2625

Travel Time

4.697
3.3056
6.166
3.483
8.514
8.953
3.699
3.675
8.721
9.922
9.788
9.242
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Bexar Surface Ground Motion
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Bexar Surface Ground Motion
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4.10. Junction (U19bg)

Experiment design. For the Los Alamos event Junction, a SIG ground-motion
experiment (Table 14 and Fig. 20) and a standard J-8 accelerometer array of 12
stations were deployed (Table 15 and Fig. 19). Junction was fired 26 March 1992.
Hole U19bg is located in the central part of Area 19, in close proximity to U19ad
(Chancellor), U19ar (Cybar), and 19ay (Amarillo). Figure 19 shows the location of
U19bg with the predicted spall radius indicated. The seven SIG arrays planned are
also indicated.

Results. ‘Weather conditions were a major factor in the SIG experiment. Rain and
snow storms prevented fieldwork for most of the week preceding the event, which,
together with poor road conditions, prevented the deployment of two of the planned SIG
arrays (arrays #1 and #3). SlGs were deployed at 56 sites at five of the planned arrays.
The azimuths and approximate distances of each array are listed in Table 14. The SIG
deployment used some of the same locations used for the Contact and Amarillo events
(though the array numbers were changed for Junction).

For this experiment, two SIGs were deployed at each location: a golf ball and a steel
ball. Each ball was placed directly on the ground. A nail with a piece of flagging was
pushed into the ground and the ball placed on top. Spacing between the golf ball and
steel ball locations at a site was approximately 2 m on arrays #2 and #7; spacing
between the two balls on the other arrays was approximately 10 m. Spacing between
sites was 50 paces, or approximately 40-50 m.

The J-8 accelerometer data were originally reported out in April 1992 (Memo J-8-92-
100, R. S. Fitzhugh to F. N. App). All of the J-8 stations recorded spall signals, which
are shown in Fig. 21 (12 pages).

Table 14. Junction SIG Arrays

Array Distance Azimuth
from SGZ from SGZ
1 2500 m 50
2 2000 m 100
3 750 m 170
4 1500 m 335
5 2500 m 320
6 2250 m 290
7 2000 m 240
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cle-g

Station
Name

JUNGM1A
JUNGM1B
JUNGM1C
JUNGM2A
JUNGM2B
JUNGM3P1
JUNGM3P2
JUNGM3P3
JUNGM3P4
JUNGM4A
JUNGM5A
JUNGM6A

Station Loc
uighg

156m S30E

15m S30E

15m S30E
250m S20E
250m S20E
250m N20E
250m S70E
250m S20W
250m N70W
622m N10E
622m S60E
622m S53W

Table 15. Junction Ground-Motlon Station Data

Accelerometer

Endevco 10 g
Endevco 25 g
Endevco 25 g
Endevco 25 g
Endevco 25 g
Endevco 25 g
Endevco 25 g
Endevco 25 g
Endevco 25 g
Endevco 20 g
Endevco 20 g
Endevco 20 g

Northing (m) Easting (m)

279898

279884
279884
279884
279663
279663
280132
279812
279663
279983
280509
279586
279526

179617

179625
179625
179625
179702
179702
179702
179852
179531
179382
179725
180155
179118

Slant Range Travel Time

622 (m) DOB

622
622
622
670
670
670
670
670
670
879
880
880

0.297
03
0.298
0.313
0313
0.303
0.306
0.307
0.327
0.39
0.42
0.375
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weiboid uoibey 8oinos
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giec-d

Loca-
tion

2-1
2-2
2-3
2-4
2-5

2-7
2-8

2-10
4-1
4-2

4-4

4-5
4-6
4-7
4-8
4-9
4-10

4-11

4-12
5-1
5-2

5-4
5-5
5-6

Golf Ball
Dist Azl
(cm)

8.9 125
114 85
0.0 0
0.0 0
114 225
5.1 305
7.6 105
356 265
229 190
178 265
5.1 255
7.6 135
19.1 295
6.3 275
8.9 240
6.3 215
241 175
8.9 290
102 225
15.2 310
175.3255
15.2 310
14.0 265
0.0 0
102 320
0.0 0

Steel Ball
Dist Azl
(cm)

38 60
0.0 0
0.0 0
38 340
216 135
0.0 0
25 125
7.6 285
5.1 335
25 205
140 100
11.4 295
162 225
318 185
7.6 225
12.7 290
140 90
0.0 0
6.3 290
114 255
127 5
6.3 310
15.2 240
0.0 0
6.3 245
0.0 0
0.0 0
0.0 0

Table 16. Junction SIG Results

Comment

Fracture zone through ball locations. Disruption zone between
4-4 and 4-5.

Fracture zone through ball locations, heading 210°.

Small scarp between 4-9 and 4-10, rocks overturned.

Some cracking, disruption zone between 4-10 and 4-11; some
cracking.

Reactivation of major fracture just west of SIGs, heading 350°-
0°; second fracture 10 m west.

Balls moved downslope.

Balls moved downslope.

Balls moved downslope.
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Loca-
tion

5-7
5-8
6-1
6-2
6-3
6-4
6-5

6-7
6-8
6-9
6-10
6-11
6-12
6-13
6-14
6-15
6-16
7-1

7-3
7-4
7-5
7-6
7-7
7-8
7-9
7-10

Golf Ball
Dist Azl
(cm)

0.0 0
7.6 110
279 285
279 270
12.7 180
12.7 180
216 165
5.1 105
8.9 220
14.0 140
7.6 120
0.0 0
7.6 105
12.7 310
25 300
76 40
203 15
140 275
14.0 285
0.0 0
8.9 165
6.3 255
25 290
7.6 65
5.1 345
114 130
0.0 0

Table 16. Junction SIG Results (Concluded)

Steel Ball Comment

Dist Azl

(cm)

0.0 0

6.3 270

318 235 Balls moved downslope.
241 260 Balls moved downslope.
241 90 Steel ball moved upslope, stopped ina depression.
241 275 Fracture zone between 6-3 and 6-4.
178 125 Fracture zone between 6-4 and 6-5, 20m west of 6-4.
6.3 35

5.1 265

10.2 95

0.0 0

38 275

0.0 0

0.0 0

7.6 345

6.3 145 Goff ball moved upslope.
5.1 115

6.3 115

8.9 140

0.0 0

0.0 0

25 70

0.0 0

76 305

0.0 0

0.0 0

0.0 0

0.0 0
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Junction Surface Ground Motion
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Junction Surface Ground Motion
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Junction Surface Ground Motion
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Junction Surface Ground Motion
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Los Alamos National Laboratory LAUR-93-3438

EES-3 Appendix B
Source Region Program Surface Ground Motion
5. Additional information

These data plus the horizontal and tangential components reside as digital time-series
files in the Ground-Motion Database, a GEODES DBMS database on a VAX VMS
minicomputer. The vertical data presented herein also reside as Seismic Analysis
Code (SAC) from Lawrence Livermore National Laboratory files on a Sun workstation.
For additional information regarding these data sets you may contact:

For general information: For SAC file information:
Thomas A. Weaver Diane F. Baker
Los Alamos National Laboratory Los Alamos National Laboratory
EES-3, MSC335 . EES-3, MS C335
Los Alamos, New Mexico 87545 Los Alamos, New Mexico 87545
Telephone: 505 667-8464 Telephone: 505 667-3776
Fax: 505 667-4739 Fax: 505 667-4739
For VAX GM database information: - a0 = @
[ R 9 C
Fred App ™ R
Los Alamos National Laboratory o nwy!
EES-3, MS F659 YL
Los Alamos, New Mexico 87544 3 il
Telephone: 505 667-6872 — e
Fax: 505 665-3681 &3 R
Acknowledgements

This work is sponsored by the Department of Energy, Office of Arms Control and
Nonproliferation (DOE/AN). The efforts of Brian Stump, Craig Pearson, and Karl
Thomasen of SMU, and Bob Reinke, DNA/A, in the collection and analysis of the data
for several of the events, are gratefully acknowledged. The cooperation of Fred App
(LANL) on the Ground-Motion Database and Tom Tunnell of EG&G in data repair is
also gratefully acknowledged. Finally, the authors appreciate the persistent prodding
and advice of Bob Jeffries and Eric Jones (LANL) and Marv Denny (DOE/AN) to
prepare and release these data for the use of others.

B-227




G3AI1303Y
NOI103S 140d3Y ¥-SI
"8Y7 T.1YN SONYIY S0




