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Abstract

Surface ground motion was recorded for many of the integratea 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 _:?_uges(SIGs). This report contair_sthe semi-orc_essed acceleration,
velocity, and displacement data for the acceleron'eters 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, Southern 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 _urface
accelerometer (ESA) measurements to define and characterize the spall zone; (3)
GRMPY stations installed at and aroundsurface groundzero (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.
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2.1 J-8 Surface Accelerometer Measurements. LANL Group J-8 has
instrumentedthe SGZ area on LANL-sponsoredevents with accelerometers (among
othertypesof sensors)forthe Test Director(and later, the ContainmentProgram)since
the first undergroundnuclear tests. In the latter half of this effort,the measurement
array for these instrumentshas been standardizedto include:one to three stationsat
SGZ, two stationsat the trailerpark (normallylocatednear the perimeterfence); three
or four stationsat the perimeter fence, normallyat azimuths 90° to 120° apart, and
three or four stationsat aboutone hole depth,90° to 1200 apart. Each stationtypically
has three componentsof motion:vertical,radial,and tangential,thoughin some cases,
only verticals have been employed. The accelerometers used for these stations are
Endevco 10-, 25-, or 100-g instruments(Model 2262), dependingon the anticipated
motions. The plusdirectionsonthe data plotspresentedhereinare: vertical,up; radial,
towardSGZ; and tangential,clockwisearoundSGZ.

The data are recorded by the remote instrumentationdigital 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 clarityonlythe first2 s of recordare displayedin thisreport.

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

The accelerometers deployed were ot 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 acquisitiorl system (DAS), made by
Refraction Technology, and DNA/A furnished 12-bit, 3-channel PDAS recorders by
Terra Technology. For Metropolis, only SMU REFTEKs 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 m3y not be obvious in the records presented
because for clarityonlythe first2 s of recordare displayedinthis report.

2.3 GRMPY. GRMPY (GRound Motion Predicts Yield) was an experimental system
being developed and testedby LANL for on-siteverificationof the ThresholdTest Ban
Treaty (TTBT).1 GRMPY employeda smallarrayof accelerometersthat were fieldedin
the vicinityof SGZ for an undergroundnuclear test and a recordingvan. Due to the
nature of the system the locations for those stations are approximate because the
stationsdid not require accurate surveys.Because the system was experimental, the
configurationand location of the accelerometer stations, the recordingsystem, and
even the sensors could change from event to event. EG&G and EES-3 may have
correctedthese signalsforpolarity,integrationramps,and baselineoffsets.

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-dimensionalcharacterizationof the spall volume as a functionof
time: size, shape, volume, mass, groundmotions,surface expression,and degree of
damage. Observations made on earlier events have indicatedthat rocks, ranging in
size from small pebbles to large boulders,can be ballisticallylaunchedduringthe spall
period. Hundredsof ground-motiongaugeswouldbe needed to map groundmotionin
the spall zone, assuming the complexityindicatedby the postshotcrack maps of many
events, but an experiment of that magnitude involvingelectronicgauges is prohibitively
expensive. Using golf ballsas a type of inertial gauge seemed to be a way of getting,
at least in a relative sense, fairly inexpensiveinformationabout 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
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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
availableshouldanyone requirethem. 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 recordsare included in this report. Later experiments
indicated that any ground-motiondata of the type and density reported herein are
spatiallyaliased and probablydo not representmorethan a snapshotof outgoingwave
generation(report in preparation). However,taken collectively,these data can be used
to generate predictivecurves for the average ground motionas a function of scaled
rangeforcontainedundergroundexplosions.

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 would 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 times 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 corrected 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 MistyEcho had an arrayof 18 surface
groundmotionstations:8 GRMPY near and aroundSGZ, all insidethe predictedspall
zone, and 10 extendedground-motionstations(from just insideto well beyondthe edge
of predicted spall), fielded by SMU and DNNA (Fig. 1 and Table 1). Figure 2 (16
pages)containsthe data traces forthe accelerometerdata.

GRMPY results. All GRMPY stations recorded spall signals. Two of the ten ESA
stationsfailed to recordgood data (3A and 9A). Of the remainingeight, four recorded
spall signals(2A, 5A, 7A, and 13A).

Fig. 1. Misty Echo station map.
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Table 1. Misty Echo Ground-Motion Station Data _ :_

Station Station Loc Accelerometer Northing (m) Easting (m) Slant Range TOA Pb5
Name U12n.23 271809 192992 (m) DOB c__ ,_

MISGR1A 17 m N10E 25 g 271821 192996 400 0.247 _ _=

MISGR2A -200 m S 25 g 271570 192981 466 0.271MISGR3A -300 m N20E 25 g 271709 193314 523 0.192 ..,.
MISGR4A -300 m N20E 25 g 272042 193110 478 0.272
MiSGR5A --300 m W 25 g 271725 192520 625 0.36
MISGR6A -370 m SlOE 25 g 271415 193087 570 0.314
MISGR9A -450 m S50W 25 g 271578 192659 569 0.364
MISGR10A 520 m N60E 25 g 271943 193482 647 0.388
MISSG1A 1180 m N3W Terra Tec 5.28 g 272985 192930 1244 0.472
MISSG2A 1260 m N19E Terra Tec 5.28 g 273000 193410 1324 0.288
MISSG4A 1085 m N50E Terra Tec 5.28 g 272500 193830 1157 0.49903

& MISSG5A 880 m $23E Terra Tec 5.28 g 271000 193340 967 0.348
MISSG6A 1140 m S8W Terra Tec 5.28 g 270680 192825 1209 0.122
MISSG7A 875 m S42W Terra Tec 5.28 g 271160 192405 962 0.408
MISSG8A 1200 m N85W Terra Tec 5.28 g 271910 191795 1266 0.2 p.
MISSG9A 1615 m N62W Terra Tec 5.28 g 272560 191565 1661 0 o

¢o
MISSG13A 630 m N57E Terra Tec 5.28 g 272150 193520 745 0.44
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Misty Echo Surface Ground Motion
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Misty Echo Surface Ground Motion

Acceleration--Station 2a
---T , r I T--r_r_ T ' ,_ , I ' T--_ , -

4 - missg2aza-

2--

0 _ _

...... , i "5-- ,_l__, , , , [__j_, ,_j ! , l__J_j_____.£-

Velocity--Station ga

0I missggazv

0.5 ' ' ' ' I ' ' ' ' I ' ' ' ' I ' ' ' ' _

m 0 "_

i I , i i i I l J , i -

Displacement--Station 2a

15t__ ' ' ' ' I ' ' ' ' I ' ' ' ' I ' ' _' '
O.

//

o.lo_

-0.05

o.oo1_ __ _

0.5 1.0 1.5 2.0 2.5
Time
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4.2. Texarkana (U7ca).

Experimental design. The Texarkana event had a surface array of 10 d-8 stations
(includingthree near SGZ and two at the trailerpark) and four GRMPY stations,all of
whichwere withinthe predictedspall zone (Fig.3 and Table2).

Results: The J-8 data wereoriginallyreportedout in March 1989 (MemoJ-8-89-58,
R. S. Fitzhughto F. N. App). Allstationsworkedproperlyand all recordedspallsignals.
Figure4 (14 pages)containsthe stationdatatracesfor the acceierometerdata.

Fig 3 Ground-motion-measurement array for Texarkana (U7ca).
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Table 2. Texarkana Ground-Motion Station Data _

I

Station Location Accelerometer Northing (m) Easting (m) Slant Range TOA _
Name U7ca 258348 211623 503 (m) DOB m ;_

TEXGM1A 15 m S43W Endevco 10 g 258338 211612 503 0.281 _:
TEXGM1B 15m $43W Endevco 25 g 258338 211612 503 0.281 6
TEXGM1C 15m $43W Endevco 25 g 258338 211612 503 0.28
TEXGM2A 203 m $51W Endevco 25 g 258222 211464 542 0.309
TEXGM2B 203 m $51W Endevco 25 g 258222 211464 542 0.309
TEXGM4A 503 m N50E Endevco 25 g 258672 212007 711 0.306
TEXGM5A 503 m N70W Endevco 25 g 258520 211150 712 0.422
TEXGM6A 503 m S10E Endevco 25 g 257853 211709 711 0.407
TEXGM7A 503 m S11E Endevco 25 g 257854 211714 711 0.408
TEXGMSA 503 m S11E Endevco 25 g 257855 211718 711 0.408

rb TEXGR9A 503 m S09E 25 g 257852 211701 711 0.398.¢=.
TEXGR10A 594 m $35W 25 g 257862 211282 778 0.449
TEXGR11A 975 m $42W 25 g 257618 210976 1098 0.699
TEXGR12A 975 m $42W 25 g 260666 210976 1098 0.635 r-

O
t_

¢::::
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4.3. Tulla (U4s)

Experiment design. The only ground-motionmeasurementson Tulia were from the
nine-stationJ-8 accelerometer array for containment,includingthe three stationsnear
SGZ (Fig. 5 and Table3).

Results. The J-8 data were originallyreportedout in June 1989 (Memo J-8-89-142,
R. S. Fitzhughto F. N. App). Allstationsfunctionedproperly,andspallwas recordedon
stations 1A, B and C, and 2A and B. All other stationsrecordedsignalsthat did not
containspallcharacteristics. Figure6 (9 pages)containsthe stationdata traces for the
accelerometerdata.

\
_\6 l

\ "'_

' • UTou

'_\ _;,\

Fig. 5. Ground-motion-measurement array for Tulia.
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Table 3. Tulla Ground-Motion Station Data u) _.

Station Station Loc Accelerometer Northing (m) Easting (m) Slant Range TOA c)

Name U4s 259324 206769 396(m) DOB _: 0_

TULGMIA 15 m S22W Endevco 10 g 259310 206763 396 0.258
TULGMIB 15 m $22W Endevco 25 g 259310 206763 396 0.259
TULGMIC 15 m $22W Endevco 25 g 259310 206763 396 0.258
TULGM2A 160 m $23W Endevco 25 g 259177 206707 427 0.28
TULGM2B 160 m $23W Endevco 25 g 259177 206707 427 0.28
TULGM4A 396 m E Endevco 10 g 259324 207165 560 0.365
TULGM5A 396 m $23W Endevco 10 g 258959 206615 560 0.353
TULGM6A 396 m N30W Endevco 10 g 259667 206571 560 0.365
TULGM7A 396 m N30W Endevco 10 g 259669 206574 560

03

O

r-.
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4.4, Contact (U20aw)

Experlrnent design. The only ground-motionmeasurementfor Contact was the SIG
experiment, Eleven arraysof golf balls (150 golfballs total) were installedaroundboth
the Contact and Amarilloemplacements. Table 4 is summary data about the arrays:
numberof balls, the approximatedistancefromthe center of the array to Contact SGZ,
and how each array was configured.The same configurationwas used for bothevents
(Fig. 7). Installationconsistedof placinga golf ball directlyon the ground (no dish), or
intoa plasticdish(15.4-cm diameter and 4-cm lip)that was partiallyfilledwith soiland
placed onto the groundsurface.

Eightof the arrays (four aroundeach emplacement)were placed acrossa 600-m zone
that spanned the predicted edges of spall. The other three arrays were placed
approximatelyhalfwaybetweenthe twoevents.

Tnble 4. SlG Arrays for Contact
(see also Fig,7)

Ball

Array Total Ball Nos. Dist.(m) Configuration
1 15 1-15 3050 3x5 rectangulararray, about 50-rn spacingbetween

bails

2 15 16.30 2600 3x5 rectangularsrray, about 50-rn spacingbetween
balls

3 14 31-44 1680 2 parallel lines,balls 100-mspacing,lines20-m spacing
4 10 45.54 1525 2 parallel lines,balls 100-m spacing,lines20-m apaelng
5 8 55-62 1525 2 parallel lines,balls 100-m spacing,lines20-m spacing
6 10 63.72 1525 2 parallel lines,balls 100-m spacing, lines20-m spacing
7 24 73.96 3660 4x6 rectangulararray, 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,lines20-m spacing

10 10 115-i24 6700 2 parallel lines,bails50-rnspacing,lines 10-m spacing
11 26 125-150 6550 1 line,2 bailsat each location,50-m spacing

SIG results. Results of the SIG experimentcan be found inTable5. Three of the golf
bailsmoved a significantdistance: (1) Golf ball 22 (GB22), located in the east-central
partof Array2, jumped6.4 m at 95° azimuth;(2) GB32 jumped almost3 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 locatedabout 50 m east of the U20au
pad. All three of these balls appear to have been placed in close proximityto fault
systems.

The rest of the ballsmovedvery little. Six otherballsmovedmore than 10 cm. None of
the ball_ _t moved showed any indicationof more than one direction of movement,
i.e,, rolling backward and forward.
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Table 5. Contact SlG Results

Movement
Ball Array Dlst 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 0 0 ground
6 1 2.5 255 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 0 0 ground
14 1 0 0 ground
15 1 5.1 310 ground Crack throughclearing
16 2 7.6 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 95 ground
23 2 0 0 ground Rolled but stoppedat origin
24 2 0 0 ground
25 2 0 0 ground
26 2 2.5 285 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 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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Table 5. Contact SIG Results (Continued)

Movement
Ball Array Dlst Az Placement Comments

(cm)
46 4 7.6 45 dish
47 4 7.6 135 dish
48 4 7.6 235 dish
49 4 0 0 dish
50 4 0 0 dish
51 4 2.5 15 dish Deer tracknext to dish
52 4 0 0 dish
53 4 7.6 75 dish E-W hairlinecrack next to dish
54 4 0 0 dish
55 5 0 0 dish
56 5 7.6 250 dish Dishslid 13-15 cm
57 5 0 0 dish
58 5 7.6 225 dish
59 5 0 0 dish
60 5 0 0 dish
61 5 0 0 dish
62 5 0 0 dish
6-3 6 0 0 dish
64 6 0 0 dish
65 6 7.6 105 dish Downslope
66 6 0 0 dish
67 6 0 0 dish
68 6 0 0 dish Gullybottom
69 6 5.1 60 dish
70 6 3.8 60 dish
71 6 7,6 75 dish
72 6 7.6 60 dish
73 7 0 0 dish
74 7 0 0 dish
75 7 0 0 dish
76 7 0 0 dish
77 7 0 0 dish
78 7 2.5 dish Rolledintoa depression
79 7 2.5 195 dish
80 7 2.5 195 dish
81 7 0 0 dish
82 7 2.5 15 dish
83 7 205 105 dish
84 7 2.5 195 dish
85 7 2.5 150 dish
86 7 2,5 195 dish
87 7 0 0 dish
88 7 0 0 dish
89 7 0 0 dish
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Table 5. Contact SlG Results (Continued)

Movement
Bali Array Dist Az Placement Comments

(cm)
90 7 2.5 195 dish Animaltracksnear dish
91 7 0 0 dish
92 7 0 0 dish
93 7 2.5 195 dish
94 7 0 0 dish
95 7 2.5 340 dish
96 7 15.2 150 dish Animaltracksnear 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 0 0 dish
103 8 0 0 dish
104 8 2.5 285 dish
105 9 0 0 dish
106 9 0 0 dish
107 9 0 0 dish
108 9 7.6 285 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 0 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 10 0 0 dish
123 10 0 0 dish
124 10 0 0 dish

125 11 0 0 dish Northof SilentCanyon
126 11 0 0 dish
127 1 0 0 dish Same dishas Ball#150
128 11 0 0 dish Samedish as Ball #149
129 11 0 0 dish Same dishas Ball #148
130 11 0 0 dish Same dish as Ball #147
131 11 0 0 dish Same dishas Ball #146
132 11 0 0 dish Same dishas Ball #145
133 11 0 0 dish Dishadjacentto Ball #144
134 11 0 0 dish Dish adjacentto Ball#143
135 11 0 0 dish Dish adjacent to Ball #142
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Table 5. Contact SlG Results (Concluded)

Movoment
Ball Array Dist Az Placement Comments

(cm)
136 11 0 0 dish Dishadjacentto Ball #141
137 11 0 0 dish Dishadjacentto Ball #140
138 11 0 0 dish Dishadjacent to Ball #139
139 11 0 0 dish Dish adjacent to Ball #140
140 11 0 0 dish Dishadjacentto Ball #137
141 11 0 0 dish Dish adjacentto Ball #136
142 11 0 0 dish Dishadjacentto Ball#135
143 11 0 0 dish Dishadjacentto Ball#134
144 11 0 0 dish Dishadjacentto Ball#133
145 11 0 0 dish Same dishas Ball #132
146 11 0 0 dish Same dishas Ball #131
147 11 0 0 dish Same dishas Ball #130
148 11 0 0 dish Same dishas Ball #129
149 11 0 0 dish Same dishas Ball #128
150 11 0 0 dish Same dishas Bali#127

B-56



Los Alamos National Laboratory LAUR-93.3438
EES.3 Appendix B
Source Region Program Surface Ground Motion

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
retrievalof the SIGs beganwithina few hoursof event detonation. Amarilloalso had a
standardJ-8 6-stationaccelerometerarray (including3 stationsnear SGZ) (see Fig. 8
and Table7). Allof these stationswere within the predictedspallzone.

SlG results. Recovery of the SIGs and fracturemapping began within4 hrs of event
detonation. The weatherpriorto the eventwas hotand dry, withoccasionalwindgusts.
This same weather pattern persistedfor several days after the event. Postshot,very
few of the SIGs had movedfromtheir preshotpositions(Table7). Those few that did
showedevidence of animal or bird tracks in the immediatevicinityor may have been
moved as a resultof the highwindguststhat were experiencedthe eveningbeforethe
event (see commentsin Table 7). There are no SIG movementsthat can uniquelybe
attributedto the groundmotionfromAmarillo.

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

Ball

Array Total Ball No$. Dist.(m) Configuration
1 15 1-15 2620 3x5 rectangulararray, about50-m spacingbetween

balls
2 15 16-30 2620 3x5 rectangulararray, about 50*m spacingbetween

balls

3 14 31-44 6700 2 parallel lines,balls 100-m spacing,lines20-m spacing
4 10 45-54 5790 2 parallel lines, balls 100-mspacing,lines20-m spacing
5 8 55-62 4570 2 parallel lines, balls 100-mspacing,lines20-m spacing
6 10 63-72 3960 2 parallel lines, balls 100-mspacing,lines20-m spacing
7 24 73-96 2620 4x6 rectangulararray, 50-m spacing
8 8 97-104 1340 1 line, 50-m spacing
9 10 105-114 1520 2 parallel lines,balls 100-mspacing,lines20-m spacing
0 10 115-124 1520 2 parallel lines,balls 50-m spacing,lines 10-m spacing
11 26 125-150 1830 1 line,2 ballsat each location,50-m spacing

Accelerometer results. The J-8 data were originallyreportedout in July 1989 (Memo
J-8-89-165, R. S. Fitzhugh to F. N. App). All but one of the J-8 accelerometers
(AMAGM6A) recordedspall signals. Station6A lookssimilarto a spall record,butthe
first maximum accelerationwas just less the 1-g upward, and the dwell between first
peak and slapdown never exceeded -0.4 g, whereas -1.0 g would normally indicate
spall. Figure9 (continuedover8 pages)containsthe data tracesfor the accelerometer
data.
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Table 7. A_ J-II _._kxll Dltlm _.)

Station Station Loc Acceler-umelter Nod]dng (m) Easlklg (m) Slant _ TrmmdTime G_

Name ul_y 2ao'n3 1eros7 s,o(m)O_ _ m
AMAGM1A 15m N38E Endevco 10 g 2802451 80177 640 0.32 c_

AMAGMIB 15m N38E Endevco25 g 2'80245 180177 640 0.321 o_:
AMAGM1C 15m N38E Endevco25 g 280245 180177 640 0.32 _:
AMAGM2A 258m N38E Endevco25 g 2804.'_ 180325 690 0.347
AMAGM2B 258m _ Endevco25 g 2804.36 180:325 690 0.347
AMAGMAA 640m N20E Endevco20 g 280834 180386 905 0.44
AMAGM5A 644m $39E Endevco 20 g 279731 180570 908 0.418
AMAGM6A 640m SS0W Endevco20 g 280122 179537 905 0.442

Co

Co

IIII
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Fig 8 Ground-motionstationsforAmarillo
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Tat, tl.Am_ lifo Reeutt,

Movement
_t AmW Dill All P_l _t"_

(m)

2 1 o o
3 t 0 0 __
4 1 0 0 _u_
6 i o o
e _ o o
7 _ o o
s _ o o
9 I 0 0 ground
10 1 0 0 ground
t t 0 0 gr_

1;r _ o o
_:t 1 o o
_4 1 o 0
is _ o o

_7 _ o o
11t 2 o o
_9 2 o o

2 o o
2t It 0 0 ground

2 0 0 gmum:l
2:J 2 o o
_4 _ 0 0 _.d

;_ 0 0 gmuncl
2_ 2 0 0 ground
_8 _ 0 0 ground

2 0 0 ground
3O _ 0 0 _nd
3t 3 76 1G _ Wind"/
34 3 0 0
36 3 0 0 dmh
3e 3 o o _
37 3 0 0 dtlh

3 0 0
3S) 3 0 0 d,_
,tO 3 0 0 _
41 3 0 0 ctilh
42 3 0 0 _th
43 3 0 0 dith
44 3 0 0 dmh
45 4 0 0 dish
46 4 0 0 diM1
47 4 0 0 d|_
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$urta_ Oroun(7_ot_

_m
I,i! Amly Dt,I _ Pkmeme,nl Cemm,nl

(*ml
4I i 0 0 ¢hlh
4!) 4 0 0
SO 4 0 0
61 4 0 0

M b 0 0
M b 0 0

Mi S 0 0
BO b 0 0
60 B 0 0
e_ B 0 0

S 0 0
M e o o
e4 e 0 0
M e 0 0
m e o o
I7 e 0 0
ee s o o am Ouh
6O IS 0 0
70 6 0 0
7! S 0 0 _m
?a e 0 0
73 ? 0 0
?4 7 0 0
?5 ? 16_ 6O ch_
?e _ 0 0
77 7 0 0 _lh
7I ? 0 0 mm
70 ? 0 0 _m
1_ ? 0 0 ohm
II ? I_ ? 60 (Jm
W ? 0 0 _m
U 7 0 0
S, 7 0 0 ¢i,_
M 7 0 0 _

Ill 7 0 0 _
M 7 0 0 d_
gO ? 0 0 dish
gt 7 0 0 d,lh
g;P 7 0 0 c_
g3 7 0 0 cl,l_
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T_ e, A__ SKtBal_e (_tm_)

_1 i_ Be! Am P_ Commem
(era)

_ 0 0
N ! 0 0 ct_,,_
M 1 0 0
I)1 e 0 0 _
R 0 1 tS 22_ dI_
H i1 0 0 _

10! | 76 t_ _
1_ e 0 0 ckm
1_ e 0 0 _m
t06 0 0 0
i_ 0 0 0
!01 0 0 0
t00 0 0 0

! tO 9 0 0 _
1tl 0 0 0
1t8 I) 0 0 _lh
1!3 0 0 0 Ct*l_
1'14 O 0 0 mo_
116 '10 0 0 _m
tte _0 0 0 _lh
1t I 10 0 0 d_,.-h
tttt t0 0 0 _

120 t0 0 0 m_
1_1 10 0 0 ¢_
i_ 0 7e 315 _m
1_3 !0 76 45 _m
t_4 10 0 0 _m
!_5 1t 0 0 _ Northo(8ikmt_rrfon
I_ t 0 0 m_
_7 __ 0 0 _ _ _ ,_ Ball#150
_O ! ! 0 0 _ Same_ _ Daft1140
t_ t1 0 0 dmh _ _ u Balld_t40
130 ! 1 0 0 _eh 84m_ _ u _fl #147
t31 1_ 0 0 _,h Sam,¢i,,has_11#140
t_ t 1 0 0 dliih _ dtQhB Onfl¢145
!_ 11 0 0 ch_ Diid't_ont to Ball tl!44
134 11 0 0 _ _ _enl to Ball I_143
1_ i ! 0 0 dlah DiMt ad_enl to Ball #!42
136 1t 0 0 dish Dmhacllaoentto Ball #t4 t
137 _1 S I 150 d,_ D_ _Kit_ent to Ball #140
!38 i 1 0 0 d_eh Dmhndj_ent 1oBall #139
130 11 0 0 d,_¢_ D_h adl_en! to Ball _t
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Table e, Amdlio lllQ ReouNo(Conoludod)

Movemem
_1 A_ DIM At P_nt Commenl

(ore)
140 11 0 0 dilh Dish ad|acertl to Ball # t37
141 11 2o5 288 clilh Dish lld_er_ to Ball IP1
142 11 0 0 dlah Dish _enl to Ball # 1
1_ 11 0 0 chh D_ _ent to Ball # 134
144 11 0 0 _ Oist_tdjaoent to Ball #133
148 t 1 0 0 dtth Same dleh amBall# 132
t48 11 0 0 diltl Snme d_h as Bt, #131
147 11 0 0 dtl_ Barn dish as Ball # 130
1411 11 0 0 d|_ Ba_ d_ asBall#tgO
149 11 0 0 dtit_ Barn#d_h as Bill #128

B-63



LAUR.t_.3_# Los Alamoa National Laboratory
Appendix B EES.3
Surface Ground Motion Source Region Program
IJ I i[ i illlllllll _ _ _: ...................................................................... iii]11 iiii ] i i i ..................

B-64



AmarilloSurface Ground Motion



Amarillo Surface Ground MoLion

Aeeeleration--Station Ib
40- , , , , I ' ' ' ' I ' ' ' ' j ' ' ' ' -

- amagmlbza _

20- --

- _ -
, _ , i , , , , I , _ , _I_____

Veloeil.y--SLaLionIb
- l , , I ' ' ' ' -I

2- amagmlbzv

,_ 0 _
0"_

2

! I I [ I 1 1 I

Displacement--Station lb
_ I I I I I l I I I I _

0.4- amagmlbzd-

0.2- -
-

o.o _ -
- , , , i I , , , , I "-"_ , , l I , , l , -

0.0 0.5 1.0 1.5 2.0
Time



Amarillo Surface Ground Motion

Acceleration--Station le
301- ' ' ' ' I ' ' ' ' I - ' ' ' ' I ' ' ' ' -

20-

10-_ L _o-0 I I I , i I , i , I , , , , !

Velocity--Station lc
-- I I l I ! i l ! I I

2- amagmlczv-

& 0

2

) ! J , I J i i i ! ) i ) I , ) ,

Displacement--Station le

t0.4- amagmlczd

0.2-_ ,_
0.0

- I I I I I I I I

0.0 0.5 1.0 1.5 2.0
Time



Amarillo Surface Ground Motion
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Amarillo Surface Ground Motion
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Amarillo Surface Ground Motion
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Amarillo Surface Ground Motion
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4.6, Hornltolt (Ul0bc)

Experiment design The onlyground.motionmeasurementmade on Homttoswas the
SIG experiment. SIGs were deployedat 147 siteson four azimuths. The azimuthsend
approximate distancesare listed in Table 9, whichalso liststhe postshotobservations
for each SIG. (For easy reference purposes,these four azimuths are called 'north,'
'east,' 'south,'and _Nest.') For this experiment,a golf ball was used as the SIG. At
each site, a 15.2-cm diameterplasticdishfilledwith -.2 cm of soilwas placedon a level
cleared area. The golf bail was centered in the dish. Spacing between sites was
approximately30-40 m (Fig. 10).

$1G 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 measuringthe azimuth end distancethe ball moved would ignore
much of the data. The soil in the dishes held the traces of the ball rolling. For that
reason, the azimuthend distancevalues in the table usuallyindicatethe total distance
the ball rolledon e singleazimuth, in addition,the azimuthand distanceon which the
initialmotionoccurredere the ones listedinthe table, whenthat couldbe determined.

In several instances,the ball rolledforward (forwardis definedas the directiontoward
SGZ), then rolledbackward(backwardis away from SGZ), on the same azimuth. The
distanceis the lengthof the track, and the azimuthis the directionfromthe balloriginto
itsfinalposition. However,at sometime, the ballhad to rollthe oppositedirection,1800
off.

The following is a summaryof observationsonthe SIG movements:

1. Based on SIG data, SGM withinthe spell zone was not concentricwith SGZ.
There was no SIG movement west of the Purse fault on the west azimuth
(beyondthe predictededge of spell). On the other three azimuths, there was
SIG motionat the furthest locations,whichwere well beyondthe predictededge
of spall.

2. SIG movementswere significantlydifferenton the northernazimuth than on the
other three, Several locations on the north azimuth indicated complex roll
patterns,roughlya north-southmotionandthen an orthogonaleast-westmotion,
On the otherthree azimuths,rollingwas generallyon a singleazimuth.

3. On the east azimuthSIGs were deployedcloserto SGZ than on the other three
azimuths. Atthese closerlocations,the SIGs were thrownfromtheirdishesend,
at the closest locations, the dishes had moved. None of the dishes were
overturned,justmovedhorizontally.They were probablylofted,as there weren't
traces in the dirt of the dishes sliding.

4. Allbut two of the SIGs at the first 17 locationson the east azimuth were thrown
from their dishes. Some factors that may help explain this are: (1) closer
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proximitytoSGZ; (2)much ofth|sparlofthetraverseIson a hillbetweentwo
drainages;and (3)locationsE-12throughE.17areinthevlclnityoftheIe_d
drainage where the preexletlng fractures were reactivated. Three of the four
SIGs that were thrown out of disheson the northazimuth are also in fairly elsie
proximityto SGZ. In addition,the north azimuth followsa drainage that is very
likelystructurallycontmll_. However,we have no explanationfor the $1Ge that
were thrown out of dishes on tho south azimuth, Thole locations wore on a

gentle, north-facing elope. We found very few cracks or any type of surface
disruption on this slope. In addition, the SIG that moved the most was the
furthestlocationon the southazimuthto be thrownout. It was close to the topof i
the slope.

5. Initial motionof the SIGs, ingeneral,seems to have been toward$GZ,
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Fig, 10. Hornltosexperimental plan,

B-75



TlibhL IlmllItaSSIGIOlllII ___)b

E-1 105 457 55.9 145 Dish _alleasl 30.5 canal 165_. balmmed305 (:real 125"Ibom__o#_ _ IR

E-2 105 495 53_3 105 Oish_ -51 mad 10G'; bdl _4183 cm_new_d_ ._ G
E-3 105 533 45.7 135 Dish i_ 45.7 cawall 10b_. H _ 22.9 : J 195;"born J (_L
E-.4 105, 572 152 310 _ flora dish.
E-5 105 610 432 65 _ moved 12_7 cm a1105'_, bml _ 38.1 cm" I175_' _ _
E-6 105 648 20.3 115 Dish moved 20.3 an el 115e. ball _ in dlsh. E
E-7 105 686 30.5 120 T_ IlOm dFis__

E-8 105 724 20.3 135 Tlm:mnlmmdls_ CmckOJ_ mamsld(k__410:;220".
E-9 105 762 33.0 150 T'_ _ dish
E-10 105 800 20.3 135 _ Imm (ksh. _ in dlishsl'zlled Io 135".
E-11 105 83e 40.6 75 Thm0mmkey. dlsh

E-12 105 876 38.1 110 Tl'wmm ibmz dish. Fiei:limlion el W _ _ E-12 _ E-I_ _ 355o.10,,
,=d,so,,.-,...d.

(:0 E-13 105 914 76 110
._ E-14 105 95,3 0 0
o) E-15 105 991 17.8 90 _lu_mcrmh. l:___E-15_E-16,_15_,.25 _

E-16 105 1029 15.2 5 "T']m:mn_

E-17 105 1067' 20.3 165 Tlwoemlbomdish. D_in__lo, S5". Nmmmuulmlcllmlmlaacilm_E-17m_E-11
lS,,-25-. r,-

E-18 105 1105 0 0 _ in dish. Ibd m _ b_ end_ _ d _ 0
E-19 105 11_ 5.1 285 _ in (rmh, hal m _ IoU endml _ d _
E-20 105 1181 7.6 285 Ftoled. ]b

E-21 105 1219 5.1 290 _
E-22 105 1257 3.8 245 _ 0

,;;;i

E-23 105 1524 0 0 _
¢:::

E-24 105 1562 2.5 275 _ b;_
E-25 105 1600 0 0 _

E-26 105 1638 5.1 275 Movmnmlqpaealakznml_,laldzilbzKdimil_. i _

E-27 105 1676 7.6 110 _ IE-28 105 1715 7.6 245 Rolm/. _
E-29 105 1753 7.6 255 Roled tm::k alld kzdh.

E-30 105 1791 2.5 245 _ rrt
E-31 105 1829 15.2 105 Fk:lhd _ _ end

5.





TM_bg. HomlosSIGIDda (CoNIImuNl) _,)

Loca- Azl Dbd Dist Azi _ __.,tion from SGZ

S-18 195 1524 10.2 15 Roled back and _
s-19 195 1554 15.2 2o Romedbackandk,dh. z;z.,.

S-20 195 1585 162.6 45 _oolol_Ish. _:o
S--21 195 1615 15.2 5 Roled ball told _ _-
S-22 195 1646 15.2 5 Roled bazl al'11d_.
S-23 196 1676 6.4 15 _ bal::kand [odh.
S-24 196 1707 3.8 15 Roled forwwd
S-.25 197 1737 3.8 15 Roled _.
S-26 197 1768 6.4 355 Roled back and
S--27 198 1798 7_6 350 RoEed back and _
8-28 198 1829 102 355 Roled back and k:ldh.
8-29 199 1859 8.9 5 Roled beck and _

S-30 199 1890 5.1 30 RoBed.
Jd 8-31 200 1920 7.6 30 Roled,
o:) S-32 200 1951 12,7 10 _ back and Imlh.

S--33 200 1981 12_7 20 Roiled blackand IJorlh.
S..34 201 20] 2 10.2 5 Poled beck and
S-35 201 2P,,,_2 10.2 5 RoBed _ arid

r.-
W-1 275 1250 12.7 135 Rolled back and _ O
W-2 275 1280 7.6 100 Poled back and tm'__ tt

)b
w-3 275 1311 12.7 lOO _backandkx'lP_ mia)r_3 measldcEsh, heading 15=;.aa_.6 mweslofdish. _.

heading 15°-25°; re_ crack3 m west ol (isl-,. heading N.
S.V4-4 275 1341 12.7 115 Roled back and forth.
w-5 275 ,372o o _ g
w._ 275 "I_ 3.8 I00 _.
W-7 275 1433 0 0 (b
W-8 275 1463 3.8 295 _ 10eckmm:L
W-9 275 1494 0 0 _

w,o 275 1524o o _ _"
W-12 275 1585 3.8 110 RoBed.
W-13 275 1615 12.7 115 Roledbacklmdkllll_

III



Tableg. _SIGI]mlz (Comllmmd) fll r-

Loca- Azi Dlst _ Azi Comm_ c_ .,_
tkm from SC=Z IIoved

(dL_=l (cm_)
K

W-14 275 1646 1.3 140 Rolled. ReacP,v'atk:mofoldflaclum9 m east of dish, he_0". __
W-15 275 1676 0 0 II
W-19 275 1737 0 0
W-16 275 1707 0 0 III
W-17 275 1707 0 0 Location: 1.5 msotM:oiW-16, eastsideolF:h_,,,,sefm,i, r"-
W-18 275 1710 0 0 Location: 6 mwesl_W-16,westsideofPt,,,,,,,sefault.
W-20 275 1768 0 0 20 mwesl:ofW-20-hairrmecrackonold_rk:Ige, bul__3mror_notaffected. O
W-21 275 1798 0 0
W-22 275 1829 0 0
W-23 275 1859 0 0 "_
W-24 275 1890 0 0
W-25 275 1920 0 0

o3W-26 275 1951 0 0
J4 W-27 275 1981 0 0
cOW_28 275 2012 0 0

W-29 275 2042 0 0
W-30 275 2073 0 0
W-31 275 2103 0 0
W-32 275 2134 0 0
W-33 275 2164 0 0
W-34 275 2195 0 0
W-35 275 2225 0 0
N-1 345 762 12.7 325 _ out of dish.

0')
N-2 345 800 0 0 Major fracltme4.5 m nodhof dish nol reaclivaled(300=). =
N-3 345 838 12.7 280 Thcownoutoldls_ Mmmmacti_tionolnB_traclme2.5 msoulhotde_ _,
N-4 345 876 2.5 140 Roled.

N'5 345 914 5.1 355 Dirtshiltedin dishtom_ 280°. _) r_
N-6 345 953 2.5 310 RolecL _ :_N, .,
N-8 345 1029 10.2 350 Roledba_andlorthon350=_thenmlled_adlng235°,andstoppedaltedge. C_,r__:k3m _ _

northof cEshinlogulyboUommld upthe olher side, hem:Er_j75°-125". Lost_inlbe rock. _ _ r_



Table 9. Homitos SIG Data (Continued) r_ _:z_

Loca- Az, DIet Diet Az, Comment __tion from SGZ Moved

(dea_ m_ _m) (dea) C)

N-9 345 1067 7.6 165 RolL,_ forward.

N-10 345 1105 7.6 0 Rolledbackward(downslope). Rockslide6 m northof dish.
N-11 345 1143 10.2 280 Thrownout of dish. _"
N-12 345 1181 7.6 115 Rolledforwardto edge of dish,then rolledalongedge of dish bothE and W. _'-
N-13 345 1219 7.6 160 Rolledforwardto edge of dish,then rolledalong edge of dish both E and W. Crackhalfway

between.
N-13 and N-14, at 215°.

N-14 345 1257 2.5 180 Rolledforward,then sideto side. Crack3 m northof dish,discontinuous,general heading355°.
N-15 345 1295 15.2 205 Rolledbackand forthon heading205°, thento the southeast. Finaloffset7.6 cm at 140°.
N-16 345 1334 7.6 225 Rollpatternindirtdisruptedsome. Initialmotionmaybe on 165°-345° azimuth.
N-17 345 1372 15.2 170 Rolledback and forthfull 15.2 cm. Finaloffset6.4 cm at 170°. CrackhalfwaybetweenN-16 and N-

17.

I::D 3 m from edge of gully.
_o N-18 345 1410 3.8 45 Rolled. Location: inthe bottomof a gully.
o N-19 345 1448 10.2 165 Rolledbackand forth. Some orthogonalmotiontowardthe NE.

N-20 345 1486 12.7 350 Rolledforward then inan arc towardthe east to the backedge of dish. Finaloffset7.6 cm at 350°.
N-21 345 1524 5.1 160 Rolledforward then backto center. Location: 4.5 m east (85°) of N-22.

N-22 345 1524 7.6 330 Rolledback. r-.
N-23 345 1562 7.6 325 Rolledbackward 7.6 cm at 325°, then along edgeof dishto 235°. Located9 m eastof N-24, on 0

hard. ca

rockoutcrop. _,
N-24 345 1562 7.6 150 Rolledback andforth.
N-25 345 1600 2.5 160 Rolled. O
N-26 345 1638 7.6 295 Rollpatternpartiallydisrupted;some rollingon azimuth 150°-330°. Cracks3 m northof dish, _ ca

general. "_ _:
heading50° along gullybottom;crackspacing4.5 m from eachother. _

N-27 345 1676 2.5 180 Unknownrollpattern. _
N-28 345 1715 2.5 335 Rolledbackward. _ _.

N-29 345 1753 0 0 _" _'

N-30 345 1791 5.1 235 Strangerollpattern: segment2.5 cm at 150°, at each end of thissegment,a 5.1 cm arc orthogonal _ ¢3¢:f'

t°ward the west" Final °ffset 5"1 cm at 235°" ___



Table 9. Homitos SIG Data (Concluded) _ r_ _-

Loca- Azi Dist Dist Azi Comment P> r_tion from SGZ Moved ¢b
(deo) m) (cm) (de o)

N-31 345 1829 0 0 Very minorhairlinecrackson majorfractureslocated 1.5 m northwestof dish, heading350°. :_ ._
N-32 345 1867 7.6 160 Two rollsegments: 7.6 cm at 160°, then orthogonalset 7.6 cm at 225° (finalposition).Roll tracks

cross. Crack heading340° closeto dish. _ O"=3 :3
N-33 345 1905 10.2 220 Strange rollpattern: 10.2 cm at 220°, 5.1 cm at 325°, and 3.8 cm at 285° (finalposition). _ _
N-34 345 1943 0 0 _] r-"

N-35 345 1981 0 0 Smallcrackheading45°, 0.3 m westof dish. _.
N-36 345 2019 12.7 180 Rolledback and forth. 0
N-37 345 2057 10.2 195 Rolled back and forth.

03
&

(n

c}
(b
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4.7. Metropolis (U2gg)

Experiment design. To better define a spall zone and its motions,two separate spall-
zone experimentswere performedon Metropolis. A polar grid, centeredon SGZ, was
drawn to serve as a starting point for locationsof the two experiments. The actual
deploymentlocationsare drawnon Figure 11. Instrumentationlinesare approximately
every30° of azimuth,and the distancebetweencirclenodes isapproximately150 m.

Of a possible108 nodes, 71 were accessibleto installarrays (see Table 10). Arrays
were also installedat each of the accelerometerlocations,even those not at nodes,to
provide a method of comparing the movements of the balls to the quantitative
measurementstaken by the accelerometers.

SlG Experiment. For one experiment,a SIG array of 1-in. steel balls and golf balls
was placedat each node of the arraythat was accessible. Althoughball arrays cannot
give quantitativedata on SGM, they can givea morespatiallycompletecharacterization
of ground motionsthroughoutthe spall zone. Analysis of ball motions (sometimes
limited to their final resting places) can give some qualitative measure of how the f
surface reacted to the ground shock: (1) Is the shock impulsiveenough 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 balls 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 secon0 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/attenuatethe shockwave? Which signalsare affected: surfaceeffects, local
ground motion, regional seismic? (5) Does a fault, like the Yucca system,
capture/reflect/attenuatethe shockwave, andwhichsignalsare affected?

In additionto the spall-zonedefinitionexperiments,GRMPY fielded 14 stationsinside
the predictedspall zone.

In Figure 11, stationswithsolidcircleshad SIG arraysonly;stationsdenotedby an "F"
had a SIG array and an FBA package;stationsdenotedby a 'G' had only a GRMPY
station.

SIG Results. Observationsof the SIG arrays began about 3 hoursafter zero time.
The ballarraysat 9-8, 9-7, 8-8, 10-8, 11-8, 12-8 were recordedSaturday,the day of the
event. High winds and blowingdust causedfieldworkto be stoppedearly. Fieldwork
was not possibleSunday because of the extremely poor weather conditions. During
the followingtwo days, all of the ball arrays were visitedand the movements noted.
The order in which each location was visited is usuallyconsidered very important.
However, because most of the subtleeffectswere significantlyaltered and obliterated
by the weather (i.e., the tracks of the balls rollingon the ground),the chronologyis not
a factorwhenanalyzingthe surface effectsdata.

in most cases, the ballsapparentlydid not get enoughof an impulsefrom the ground
shockto be "launched,' i.e., the ballsapparentlyjust rolledaroundonthe surfaceof the
ground. At a couple locations,the groundaroundthe array was extremely disrupted.
Figure 12 attemptsto graphicallydepictthe motionsobserved. These data are listedin
Table11.

Accelerometer Results. As noted in the sectiondescribingESA measurements,the
arrival times for these measurementsare not accurate due to the drift in the internal
clocks of the digital recorders. Nineteen stations were fielded with portable digital
recorders (REFTEKs); GRMPY fielded 14 stationsof wnichseven appear to have been
collocated. Allof the GRMPY stationsappear to havespalled,butonlynineof nineteen
ESA stationsappear to have spalled(METSG3A, 3B, 4A, 4B, 7A, 7B, 8A, 9A and 10A)
and of these, four appear to have been rightat the edge of spall (4A, 4B, 7A and 8A).
The edge of spall as defined by the 1-g vertical acceleration limit, from the
accelerometerrecords,is depictedgraphicallyin Figure13. Notethat the spallzone for
Metropolisis not circular,and appears to extend outsidethe predictedzone along the
Yucca fault and contract insidethe predictionsouthand northwestof SGZ. Figure 14
(29 pages) containsthe datatraces forthe accelerometerdata.
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Fig. 11. Metropolis deployment locations.
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Table 10. Metropolis Ground Motion Station Data __ __ _.

Station Station Loc Accelarometer Northlng (m) Easting (m) Slant Range TOA ._ _Name U2gh 262279 206746 469 (m) DOB
|

METGRIA 15 m S Endevco25 g 262266 206745 469 _ tO
METGR2A 230 m NBIE Endevco25 g 262388 206948 522 0.285 _ ¢=
METGR3A 686 rnN27E Endevco25 g 262890 207056 830 0.466
METGR4A 457 m $78E Endevco25 g 262184 207192 654 0.359
METGR5A 474 rnN17W Endevco25 g 262734 206610 667 0.393 o_"
METGR6A 476 m $47W Er<levco25 g 261953 206398 669 0.387 :_
METGR7A 686 m $59E Endevco25 g 261930 207335 830 0.458
METGR8A 681 rnN64W Er_levco25 g 262578 206133 827 0.471
METGR9A 686 m N27E Endevco25 g 262890 207056 830 0.467
METGR9B 686 rn N27E Endevco25 g 262890 207056 830 0.47
METGR9C 686 m N27E Endevco25 g 262890 207056 830 0.466
METGR10A 666 rn N27E Endevco25 g 262890 207056 830 0.468
METGR10B 686 m N27E Endevco25 g 262890 207056 830 0.465

(:D METGR10C 686 m N27E Endevco25 g 262890 207056 830 0.46
_o METSGIB 1160 m S Terra Tec 5.28 g 261119 206746 1251 2.52
o_ METSG?_A 810 rn$35W Terra Tec 3.7 g 261615 206281 937 2.536

METSG2B 1070 m $35W Terra Tec 5.28 g 261403 206132 1168 2.587
METSG3A 745 m S60W Terra Tec 3.7 g 261569 206519 881 2.512

METSG3B 994 rnS60W Terra Tec 5.28 g 261781 205884 1100 2.553 I'-
METSG4A 1100 rn $89W Terra Tec 3.7 g 262260 205646 1196 2.552 O

METSG4B 1060 m N78W Terra Tec 5.28 g 262059 205709 1159 2.578
METSG5A 845 m N53W Terra Tec 3.7 g 262788 206071 967 2.401 _-
METSG5B 1100 m N56W Terra Tec 5.28 g 262894 205834 1196 2.456 _]
METSG6A 860 m N25W Terra Tec 3.7 g 263058 206383 979 2.526 O_ om
METSG6B 1175 m N25W Terra Tec 5.28 g 263344 206249 1265 2.579
METSG7A 880 m N7E Terra Tec 3.7 g 263152 206853 997 2.468 P)
METSG7B 1055 m N5E Term Tec 5.28 g 263.330 206838 1155 2.512 O

METSGSA 875 m N37E Terra Tec 3.7 g 262978 207273 993 2.519 _METSG8B 1105 m N36E Term Tec 5.28 g 263173 207396 1201 2.583
METSGgA 890 m E Terra Tec 3.7 g 262279 207636 1006 2.465 _ _"



Table 10. Metropolis Ground Motion Station Data (Concluded) mm

station station Loc Accelemmeter Northing (m) Easting (m) Slant Range _ _"Name U2gh 262279 206746 469 (m) DOB TOA

m
METSG9B 1095 m E Terra Tec 5.28 g 262279 207841 1191 2.525

METSG10A 1085 m $57E Terra Tec 3.7 g 262870 207656 1182 2.486 h-

b

b

0

W
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Fig. 12. Resultsof the SIG experimenton Metropolis. Note that the motion
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T_ _. _Sm_ _ :_

Loca- In Dish Out Red White Blue Grmm Orange Comment=

gon DIst Azi Dist Azi Dlst Aid Dist Azl Dlst Azi Dist _ DIsI: _ _ I_

1-_ o o o o o o o o o o o o _
1-2 0 0 *** *** 0 0 0 0 0 0 0 0 _,.
1-5 0 0 14.0 335 3.8 345 0 0 2.5 105 102 345 0 0 Ball indish lolled,

bul ended up at _,-

1-7 81.3 335 34.3 5 152 60 30.5 355 30.5 340 3.8 95 24.1 355 _ rmzclk,alled

2-1 0 0 7.6 60 5.1 70 102 60 5.1 125 0 0 Several cradcs
Imz(k_ 345'='-15°

2-2 0 0 0 0 "* "** 0 0 12.7 300 0 0
2-3 0 0 0 0 102 175 0 0 0 0 7.6 95 0 0
2-4 5.1 40 5.1 35 10.2 95 7.6 15 10.2 150 7.6 135 152 90 Cradcs

reaclk'med
m
r_ 2-5 5.1 190 11.4 45 *** *'t' 7.6 325 14.0 80 8.9 155 8.9 105 Minor maclJvalion
o of cracl=; crack

dose to dmhand
_bel

2-6 40.6 160 27.9 225 5.1 270 102 315 17.8 165 17.8 150 152 210 Several _ t-
O

_45o ==Z=
crackdose_
UmbaZ

2-7 25.4 45 27.9 170 34.3 85 15.2 135 24.1 85 17.8 95 8.9 70 Numerouscz,ac_ (_ 0

3-1 5.1 115 2.5 215 0 0 0 0 0 0 0 0 ¢_3-2 0 0 0 0 6.4 115 12.7 120 3.8 255 15.2 180 Ball indish mIed.
I:xJIended up at _

|a 3
3-5 21.6 240 44.5 75 19.1 170 12.7 45 26.7 200 5.1 330 17.8 195 li-,_l . f,p 0
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Table 11 _SIG Rmtlls(COl/Jmm_ r_ _b _/b¢:1o

Loca- In Dish Out Red Wldb Blue Gme, Orange
tion Dtst Azi Oist Azi Dl_ Azi D_ Azi D_ Azi Di_ Azl D_ Az_ _'

7-2 2.5 240 0 0 0 0 14.0 345 0 0 °'° °"' Ball in dishroiled _aroundsome
7-3 0 0 0 0 ..... 0 0 5.1 180 °*" "°* 6.4 30
74 0 0 0 0 "" "°" 0 0 0 0 0 0 .... _ next Io rzxzd, _-

wilh

7-5 3.8 215 0 0 5.1 270 2.5 115 7.6 300 2.5 100 6.9 315
7-6 7.6 275 12.7 55 10.2 160 25.4 325 *'t' "*" 3.8 40 25.4 315 Nlanemus cracks

_ed

7-7 17.8 180 292 170 22.9 165 20.3 170 14.0 180 45.7 165 26.7 170 Motiontorero/

while_ eslimaled

0:38-1 3.8 175 5.1 154) 5.1 75 3.8 50 2.5 225 0 0
r_ 8-2 0 0 0 0 0 0 0 0 2.5 315 5.1 110
ro 8-3 7.6 210 2.5 5 5.1 35 2.5 130 2.5 75 7.6 330 7.6 95

8-4 2.5 255 12.7 155 30.5 325 22.9 200 10.2 295 3.6 280 2.5 200
8-5 33.0 190 10.2 75 16.5 255 5.1 180 12.7 165 6.4 285 8.9 160 _ cracks
8-6 35.6 180 22.9 30 8.9 135 17.8 195 12.7 125 14.0 205 12.7 g5 Fradure _ r,-

bi.epad 0
8-7 15.2 60 20.3 185 11.4 130 38.1 75 5.1 2';,,,5 26.7 95 55.9 100 Clacks _ to I

green_ _.
mne_.,uscrocks :3

9-1 2,5 135 0 0 0 0 0 0 0 0 0 0 i::: _,,

9-2 0 0 2.5 25 0 0 2.5 205 0 0 0 0
9-3 5.1 290 0 0 0 0 0 0 0 0 0 0 0 0 J.,, _"

9-6 15.2 180 30.5 75 14.0 195 2.5 170 17.8 105 22.9 75 39.4 75 il _
9-7 102 25 17.8 265 8.9 0 7.6 65 26.7 35 15.2 75 14.0 60 Crack_ Io _.,

o,-.,,ge I g

9-8 27.9 315 58.4 70 38.1 85 26.7 95 30.5 90 53-3 65 25A 65 Ground_ _ ,m_



p,,,

Golf BaUs SteelBdll :_ _.
Loca- InDish Out Red _ Blhum Gram _

tion Dis[ Azl Dis[ Azl Dis[ Azi Olst Azi OIst Azi DIst Azl DI_ Azl _"_. I
10-1 30 0 0 0 0 0 0 0 0 0 0 0 _

b-
10-20 0 11.43252.53555.12052.555 0 0 !_-'_
10-3 5.1 280 10.2 190 6.4 190 2.5 275 12.7 260 6.4 215 0 0 Minor readiv'allk:m Jz:_ -_¢z_
ofY_:caFauU ! _
10-4 5.1 210 15.2 105 10.2 180 0 0 3.8 255 0 0 15.2 215 _ I""

255 0 0 0 0 12.7 270 14.0 1510-5 35.1 290 15.2 230 16.5
o

10-6 2.5 180 203 100 0 0 3.8 215 11.4 245 3.8 265 6.4 215 _._
10-7 22.9 195 43.2 145 15.2 135 30,5 145 7.6 45 3.8 215 2.5 280
11-5 38 135 254 250 102 285 14.0 5o 2.5 3o5 22.9 so 16.5 125 ,<
11-6 30.5 325 55.9 195 53.3 215 15.2 300 55.9 60 213.4 120 27,9 220 [Hs_Jplion zone

alozald Yucca

m Faul; _ lost.
_b originofgreenbd

11-7 41,9 215 15.2 60 10.2 _ 12.7 70 24.1 220 5.1 295 10.2 185 Green 10adcx)vemd
wi01rocks,
sudm:e

d'isrupled
11-8 55.9 195 30.5 60 43.2 95 40.6 75 3.8 345 12.7 55 30.5 75
12-2 5.1 255 8.9 300 0 0 0 0 0 0 3.8 35 0 0
12-3 0 0 20.3 350 15.2 150 5.1 215 11.4 60 7.6 25 0 0 Wh_ ball found in

12-4 2_5 15 1.3 115 5.1 140 0 0 0 0 0 0 0 0 Ball toled around ¢:
,,dish

12-5 22.9 165 17.8 100 29.3 120 292 105 15.2 100 25A 120 6.3 115 (_

12-6 83.8 165 43.2 125 7.6 150 19.1 95 40.6 110 36.8 145 39.4 150 G:) _l,

•-- Baawasfoundtobe_ _. _ : Y
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4.8. Mineral Quarry (U12n.22)

Experiment design. The Area 12 tunnelevent, Mineral Quarry,had an arrayof 34
sudace groundmotionstations:9 GRMPY (aroundSGZ, insidethe predictedspill
zone) and 25 ESA stations(fromjustoutsideto wellbeyondthe edge of predicted
spa,), fieldedby SMU and DNA/A (see Table 12 andFig. 15).

Results. The recordsfor the accelerometerstationsfielded on MineralQuarryare
given in Fig. 16 (32 pages). Of the nineGRMPY stationsfielded,seven recordedgood
spill signals andtwo, MINGR7A and8A, recordedsignalsthat Indicatedthat the
stationswere justat the edge of spill. Of the 25 plannedESA stations,five(tnoludtng
MINSG3A, 5A, 14A, 15Aand the 9.element army) were recordedon DNA PDASs, the
data fromwhichwere notavailableas this reportwent to press. None of the ESA
stationsrecordedsignalsthat indicatedspa,.
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Fig, 15, MineralQuarryttlllon mill:),
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Program Surface Ground Motion
II1[[111 I T _ : " _ _".......... I frllll[ _ - • . ._ ........... II _ II IIIL : _: ............Source Region ........... .........

4,9, Bex|r (U19ba)

Experiment design. To map the groundmotions froma normallyburiedunderground
nuclearexplosionoutside of the spail zone, an extensiveset of ground-motionsensors
was fielded on Bexar (Table 13 and Fig, 17), In additionto the 15 J-8 stations inside
the spsll zone (includingthree near SGZ), 39 ESA stationswere fielded usingportable
digital recorders. These last ranged in distance from just inside the edge of predicted
spall (about 1.8 km fromSGZ) outto morethan 8 km fromSGZ.

Results, The J.8 resultswere originallyreportedout in April 1991 (Memo J-8-91.073,
R. S, Fltzhugh to F. N. App). The following note was included tn this memo (italics
addS):

i

*" 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 w,¢snot
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 functioningESA 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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Table 13. Bexar Station Data

Station Location Accelerometer Northing (m) Easting(m) Slant Range Travel Time r_0_.Name 282534 183764 629 (m) DOB

BEXGMIA 15 m S08W Endevco25 g 282519 183762 629 029 _ o_ca

BEXGMIB 15 m S08W Endevco25 g 282519 183762 629 0.29
BEXGMIC 15 m S08W Endevco25 g 282519 183762 629 0.29 _,
BEXGM2A 258 m S30W Endevco25 g 282311 183635 680 0.315 ¢)
BEXGM2B 258 m S30W Endevco25 g 282311 183635 680 0.315 _ :]ca
BEXGM3P1 258 m N60E Endevco25 g 282663 183987 680 0.31 r-.
BEXGM3P2 258 m S30E Endevco25 g 282311 183893 680 0.31 ca
BEXGM3P3 258 m S60W Endevco25 g 282405 183541 680 0.32 O_"
BEXGM3P4 258 m N32W Endevco25 g 282753 183628 680 0.295
BEXGM4A 640 m N Endevco20 g 283174 183764 897 0.39 _'
BEXGM5A 640 m S60E Endevco20 g 282215 184318 897 0.42 '_:
BEXGM6A 640 m S60W Endevco20 g 282214 183210 897 0.42
BEXGM7A 977 m N04E Endevco20 g 283509 183831 1162 0.48
BEXGM8A 968 m $79E Endevco20 g 282356 184716 1155 0.55

--- BEXGM9A 915 m S60W Endevco20 g 282075 182974 1109 0.47o_
co BEXSGIA 5510 m N04E Terra Tec 5.28 g 288020 184126 5534 5221

BEXSG2A 2930 m N35.1W Terra Tec 5.28 g 284927 182072 2997 5.338
BEXSG3A 4130 m NI.5W Terra Tec 5.28 g 286630 183643 4146 5.248
BEXSG4A 3440 m N16.5E Terra Tec 5.28 g 285847 184728 3507 5.133
BEXSG5A 5640 m N73.2W Terra Tec 5.28 g 282929 178613 5204 5.286
BEXSG6A 6810 m $78W Terra Tec 5.28 g 281094 177112 6835 5.157
BEXSG7A 2960 m $15.6W Terra Tec 5.28 g 279681 182978 3025 5.219
BEXSG9A 2190 m N26.9E Terra Tec 5.28 g 284504 184751 2291 5.097
BEXSG11A 2520 m $60.7W Terra Tec 3.7 g 281296 181571 2596 5.246

r.r)
BEXSG11B 2700 m $57.5W Terra Tec 3.7 g 281075 181492 2772 5.243
BEXSG12A 2210 m $68.5W Terra Tec 3.7 g 281719 181712 2296 5.062
BEXSG13A 4870 m $74.1 E Terra Tec 3.7 g 281223 188452 4908 5.139 (b

BEXSG14A 3100 m N51.8E Terra Tec 3.7 g 284466 186196 3169 5.214 G') ,_
BEXSG15A 2650 m $22.7W Terra Tec 3.7 g 280091 182754 2717 5.074 _

BEXSG16A 3180 m $72.1E Terra Tec 3.7 g 281572 186792 3239 5.334 _ ,_
BEXSG17A 2900 m N68.2W Terra Tec 3.7 g 283603 181067 2969 5.209 _ _

BEXSG18A 4460 m N57.8W Terra Tec 3.7 g 284898 179981 4505 5.259 o_ _ _
BEXSG19A 2690 m N9.1E Terra Tec 3.7 g 285190 184182 2761 5.052 .



Table 13. Bexar Station Data (Concluded) r_r)__

Accelerometer Northlng (m) Eastlng(m) Slant Range Travel Time _ _
Statlon Locatlon

Name 282534 183764 629 (m) DOB (_ '

BEXSG20A 3840 m S65.2E Terra Tec 3.7 g 280941 187256 3889 4.697 _ I:_ _4_
BEXSG21A 1710

m $40.7W Endevco 281234 182653 1822 3.305 _
BEXSG22A 1570 mS51.1 E Endevco 281626 185040 1688 6.166 ¢_"

BEXSG23A 2180 m N12.7W Endevco 284665 183279 2274 3.483
BEXSG24A 1670 m N43.1 E Endevco 283739 184904 1774 8.514
BEXSG25A 3640 m N6.3E Endevco 286145 184178 3689 8.953
BEXSG26A 2930 m N30.6W TerraTec 3.7g 285050 182268 2994 3.699
BEXSG26B 2930 m N30.6W Endevco 285050 182268 2994 3.675
BEXSG27A 3330 m N17.8W Endevco 85562 182700 3271 8.721
BEXSG29A 1290 m $20.5W Endevco 281314 183318 1443 9.922
BEXSG32A 2060 m $25.8E Endevco 280653 184659 2176 9.788
BEXSG37A 2550 m N25.6W Endevco 284829 182657 2625 9.242
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Bexar Surface Ground Motion
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Bexar Surface Ground Motion
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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 predictedspall radius indicated. The seven SIG arrays planned are
also indicated.

Results. Weather conditionswere a major factor in the SIG experiment. Rain and
snow storms prevented fieldwork for most of the week preceding the event, which,
togetherwithpoorroad conditions,preventedthe deploymentof two of the plannedSIG
arrays(arrays#1 and #3). SIGs were deployedat 56 sitesat five of the planned arrays.
The azimuthsandapproximatedistancesof each arrayare listedinTable 14. The SIG
deploymentusedsome of the same locationsused for the Contactand Amarilloevents
(thoughthe array numberswere changedforJunction).

For this experiment,two SIGs were deployedat each location: a golf ball and a steel
ball. Each ball was placed directlyon the ground. A nail with a piece of flaggingwas
pushed intothe groundand the ballplaced on top. S_,acingbetweenthe golf ball and
steel ball locations at a site was approximately2 m on arrays #2 and #7; spacing
between the two ballson the other arrays was approximately10 m. Spacingbetween
siteswas 50 paces,or approximately40-50 m.

The J-8 accelerometerdata were originallyreported out in April 1992 (Memo J-8-92-
100, R. S. Fitzhughto F. N. App). All of the J-8 stationsrecordedspall signals,which
are shown inFig. 21 (12 pages).

Table14. JunctionSIGArrays

Array Distance Azimuth
fromSGZ fromSGZ

I 2500m 50
2 2000m 100
3 750m 170
4 1500m 335
5 2500m 320
6 2250m 290
7 2000m 240
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Table 15. Jzmction Ground-Motion Station Data _ "z:z_

Station Station Loc Accelerometer Northing (m) Easting (m) Slant Range Travel Time _ _
Name 01_ 279898 179617 622 (m) DOB _ =3

JUNGMIA 15m S30E Enclevco 10g 279884 179625 622 0.297 _ _
JUNGM 1B 15m S30E Endevco 25 g 279884 179625 622 0.3 -_oz. o=
JUNGM 1C 15m S30E Endevco 25 g 27_ 179625 622 0.298 _:
JUNGM2A 250m S20E Endevco 25 g 279663 179702 670 0.313 o
JU_M2B 250m S20E Endevco 25 g 279663 179702 670 0.313 _"
JUNGM3P1 250m N20E Endevco 25 g 280132 179702 670 0.303 _
JUNGM3P2 250m S70E Endevco 25 g 279812 179852 670 0.306
JUNGM3P3 250m S20W Endevco 25 g 279663 179531 670 0.307
JUNGM3P4 250m N70W Endevco 25 g 279983 179382 670 0.327
JL,q_IGM4A 622m N10E Endevco 20 g 280509 179725 879 0.39
JUNGM5A 622m S60E Erv:levco 20 g 279586 180155 880 0.42
JUNGM6A 622m $53W Endevco 20 g 279526 179118 880 0.375

O3
I

..,,,&

ro

r-,.
o

t::

O



,,. ="Loca- Golf Ball Steel _ _ q_
tton _ Azi Olst _ :Z3

(cm) (cm)

=z
2-, 8.9 ,25 3.,, eo
2-2 11.4 85 0.0 0 _ _I
2-3 0.0 0 0.0 0 _
2-4 "*** *** 3.8 340 _] I"
2-5 "*" "" 21.6 135 _'r,,
2-6 0.0 0 0.0 0
2-7 11.4 225 2.5 125 _""
2-8 5.1 305 7.6 285 _,
2-9 7.6 105 5.1 335
2-10 35.6 265 2.5 205
4-1 22.9 190 14.0 100

I:0 4--2 17.8 265 11.4 295
4-3 5.1 255 15.2 225

.,.,,,L

4-4 7.6 135 31.8 185 Fracturezone_ough ball locations.DisrUl_Onzone between
4-4 and 4-5.

4-5 19.1 295 7.6 225
4-6 6.3 275 12.7 290
4-7 8.9 240 14.0 90 Fradure zonethroughballlocations,heading210°.
4-8 6.3 215 0.0 0
4-9 24.1 175 6.3 290 SmallscaR)between4-9 and 4-1O, rocksoverttm'md.
4-10 8.9 290 11.4 255 Some cracking,disnJptionzone between4-10 and 4-11; some

cmddng, r_
4-11 10.2 225 12.7 5 Reactbat_ of major_ justwestof SIGs, heading350°" ¢::

0°; second_ 10 mwest. _"

4-12 15.2 310 6.3 310 Ballsmoveddownslope.
5-1 175.3255 15.2 240 Ballsmoveddownslope. G) _;:

5-2 15,2 310 0.0 0 Ballsmoveddownsiope, z:::::"l:]_:_' _._
14.0265 6.3 245 __:_"t_5-3

5-4 0.0 0 0.0 0 _-6

5-5 10.2 320 0.0 0 ___1_
5-6 0,0 0 0.0 0



Table 16. Junction SIG Results(Colluded) 03

oc. Com..,tlon Olst Azl nist Azl _ _

(cm) (cm) __U)
5-7 0.0 0 0.0 0

5-8 7.6 110 6.3 270 _"
6-1 27.9 285 31.8 235 Bah moved downslope. _-
6-2 27.9 270 24.1 260 BaRs moved downskg_. :_
6-3 12.7 180 24.1 90 Steel ball moved _, slopped in a depression.
6-4 12.7 180 24.1 275 Fracture zone between 6-3 and 6-4.
6-5 21.6 165 17.8 125 Fracture zone between 6-4 and 6-5, 20m west of 6-4.
6-6 5.1 105 6,3 35
6-7 8.9 220 5.1 265
6-8 14.0 140 10.2 95
6-9 ..... 0.0 0
6-10 7.6 120 3.8 275

!_ 6-11 0.0 0 0.0 0
.,,,.,&

6-12 7.6 105 0.0 0
6-13 12.7 310 7.6 345

6-14 2.5 300 6.3 145 Golf ball moved upslope.

6-15 7.6 40 5.1 115 I"
6-16 20.3 15 6.3 115 O
7-1 14.0 275 8.9 140 ¢D

7-2 14.0 285 0.0 0 _,
7-3 0.0 0 0.0 0

57-4 8.9 165 2,5 70 03 m(:3
7-5 6.3 255 0.0 0 t::::
7.-6 2.5 290 7.6 305 _ _"

7-7 7.6 65 0.0 0 _,,,.., _
7-8 5.1 345 0.0 0
7-9 11.4 130 0.0 0 _ _'

IP,-
7-10 0.0 0 0.0 0 _ ira
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5. Additional information

These data plus the horizontaland tangentialcomponentsreside as digital time-series
files in the Ground-Motion Database, a GEODES DBMS database on a VAX VMS
minicomputer, The vertical data presente¢ herein also reside as Seismic Analysis
Code (SAC) from LawrenceLlvermoreNationalLaboratoryfiles on a Sun workstation.
For additional Informationregardingthese data sets youmay contact:

Forgeneral information: For SAC file information:

Th_as A. Weaver Diane F, Baker
LosAlamos NationalLaboratory Los Alamos National Laboratory
EES.3, MS C335 EE$.3, MS C335
LosAlamos, New Mexico87545 Los Alamos, New Mext_ 87545
Telephone:505 667-8484 Telephone:505 687-3778

Fix: 505 667-4739 Fax:505 667-4739

ForVAXGM database Information:

FredApp
Los Aismos National Laboratory
EES-3, MS F659
LosAlamos, New Mexico87544
Telephone:505 887-6872

Fax: 505 685.3881
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