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ABSTRACT

Measurements of. ground motion were made at some of seven locations on 28
different underground nuclear weapons tests in Yucca Flat. Each location
had measurements at the surface and at a depth ranging from 61 m to 762m,
permitting.an assessment of.the effect of depth on ground motion.
Measurements of vertical, radial, and tangential acceleration were made

at each loéation and depth, and the three components Qére'used to determine
‘peak vector magnitudes of acceleration, velocity, and displacement. Top-to-
bottom ratios of the peak vector values were plotted against depth and

an exponential least squares fit made to the data. Ratios of the largest
single peaks, averages of the 5, 10, 15, 20, and 25 largest peaks, and
ratios of Pseudo Relative Response Velocity (PSRV) were examined. Fits

for the multiple peaks were better than for single peaks, as evidenced

by improvements in coefficients of determination. Except for acceleration,
fits for PSRV's were better than for multiple peaks. While scatter from one
event to the next contributes to small coefficients of determination,

an even greater effect is pfoduced by differences in geology at the seven
locations. Fits to the data can be used as prediction equations. Examina-
tion of waveforms of individual components of motion showed influences

of topography at two locations.

In some cases events detonated in proximity to one another had similar
waveforms, and in other cases the waveforms were'quite different. Surface
displacement on Rainier Mesa showed three distinct relationships between
vertical, radial, and tangential amplitudes. There was no correlation

with event Tocation within Yucca Flat.
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ABSTRACT

(cont'd)

Similar measurements were made on Pahute Mesa and reported ear]jer. The
better fit of prediction equations for the Pahute Mesa data could be
attributed to the smaller number of events in that data set and to the

smaller range of yields of those events.
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EFFECTS OF REPOSITORY DEPTH ON GROUND MOTION
THE YUCCA FLAT DATA
CHAPTER 1

INTRODUCTION

This report is an extension of Reference 1, and as such its contents
are similar, but the data analyzed are those from underground weapons
tests in Yucca Flat rather than on Pahute Mesa. Chapter 1 of the ref-
erence describes the instrumentation, signal processing, canister
orientation, station locations, event participation, and effects of
geometry and geology. That information applies for all the ana]ysis.

included in this report.

In the following chapters we will present the Yucca Flat data and also

make comparisons between those data and data from Pahute Mesa events.

1.2



CHAPTER 2
EFFECTS OF DEPTH ON GROUND MOTION.
o
SINGLE PEAKS

The reader‘is‘referred to abplicable discussion in Chabtér 2, Reférence
1, which is not repeated here. The ratios (top/bottom) for peak vector
acceleration, velocity, and”dispiacement for shéts fired in Yucca Flat
are shown in Tables 2-1, 2-2, and 2-3, respectively. The stations are
listed across the table in order of increasing dépth, and the event
numbers are‘lisﬁed in order of decreasing yield. As with the corres-
ponding ratios from the Pahute Mesa data, there is no distinct trend

with yield for any of the stations.

The ratios from the tables are plotted in Figures 2-1, 2-2, and 2-3 as
.a function of the depth beiow the surface to the downhole measurement. -
Separate symbols have been used to identify r&tios from the numbered
events. The flags note the average of ratios from all Yucca Flat for
which measureménts wére made at each surface and downhole bair. An
exponential least squares (ELS) fit to the averages was determined and
is indicated by the dashed line. The ELS fit was weighted according

to the number of events for which there were data at that depth. (See

Tables 2-1, 2-2, and 2-3 for the number of events.)

Acceleration, velocity, and displacement all decrease with depth rela-
tive to those parameters at the surface. The change with depth is
greatest for acceleration, and least for displacement. Station varia-
tions}in geology and topography tend to obscure the effect of depth.

Note (ngure 2-1) that the acceleration ratio for the shallowest station



. TABLE 2-)
Ratios (Top/Bottom) for Peak Vector

Acceleration - Single Highest Peak
STATION NUMBER

Event Plot “TO0P 4 10 11 3 ] B 15716 13

Number Symbaol (6lm) (130.5m) (342.6m) (345.6m) (416.7m) (431.6m} (570m) (580m) (762m)
8 c b 1.65 b b 1.7 b b b b
11 a b 2.08 b b 2.32 a a b b
40 o 1.23 b 1.52 2.19 1.58 2.44 b a 4.83
24 ° a b a 2.77 1.20 a b b b
3 v b 1.5 b b b b b b b
1 | b 2.02 b b b b b b b
13 & b 1.84 b b 1.59 a b b b
16 d 1.33 2,00 b a 1.59 2.26 4.86" b b
53 b 1.21 b 1.02 - a 1.57 3.24 b a 4.82
30 a 1.36 b 1.0 2.78 1.98 2.50 b 0.91 b
36 s 1.14 b 1.56 2.89 a 1.70 b 0.91 3.38
5 - b 2.10 b b b b b b b
21 m 3 b a 3 1.1 a a b b
2 v b 1.9} b b b b b b b
31 u 1.35 b 1.20 3.14 2.69 2.51 b 1.45 b
35 9 a b a 2.83 1.30 3. N b 0.96 5.02
26 v 1.00 b a 3 1.67 2.23 b b b
23 ¢ a b a a 1.90 a \ b b b
55 9 a b a a 2.01 a b a a
39 n 1.20 b 1.84 3.06 a 4.06 b 2.25 5.07
43 v 1.20 b 3.24 3.33 1.02 a b 2.38 3.61
37 P 1.2) b 1.50 2.73 1.42 2.95 b a 4.20
50 o d b d 3.09 a a b d d
38 it d b d 3.34 a 3.36 b d d
9 k d a d d 1.79 b 2.87 d d
42 X d b d 1.90 1.59 3.27 b d d
49 t d b d 2.78 “1.38 3.23 b d d
46 t d b d 3.25 2.48 4.57 b d 5.82

No. of .Events 10 8 8 14 20 14 2 6 8

Average 1.22 1.89 1.65 2.86 1.69 3.04 3.87 1.48 4.59

a - data inadequate R=1.29¢0-00135d Ta=t1.36

b - station not installed at time of event

d - station not operated for this event r2:0.402 CLpgg=t1-87 to 1.89




Ratios (Top/Bottom) for Peak Vector
Velocity - Single Highest Peak

TABLE 2-2

STATION NUMBER

13

Event Plot ~I0P ) 10 11 3 9 ] 15716
Number . Symbol (61lm) (130.5m) (342.6m) (345.6m) (416.7m) (431.6m) (570m) (580m) (762m)
8 c b 1.39 b b © . 2.08 b b b b
11 a b 1.52 b b - 1.717 a a b b
40 o 1.09 b 1.75 2.96 1.16 3.47 b a 1.77
24 e a b a 3.61 1.56 a : b b b
3 v b 1.47 b b b b b b ‘b
1 J b 2.07 b b b b b b b
13 A b 1.36 b b 1.2 a b b b
16 d 1.02 1.53 b a 1.27 3.7% 3.16 b b
53 b 1.02 b 1.56 a 1.16 4.23 b a 2.03
30 .a 1.05 b 2.90 2.62 1.07 2.93 b 1.98 b
36 s 1.11 b 1.93 5.14 a 2.89 b 2.12 2.00
-8 s b 1.68 b b b b b b b
21 m a b a a 1.12 a a b b
2 v b 1.26 b b b b b b b
31 u 1.11 b 1.99 4.67 1.01 3.54 b 2.10 b
45 9 a b a 3.54 1.11 3.67 b 1.67 2.08
26 v 1.04 b a a 1.14 3.67 b b b
23 * a b a a 1.14 a b b b
55 qQ a b a a 1.54 -a b a a :
39 n 1.08 b 1.61 3.06 a 4.79 b 2.53 2.60
43 r 1.23 b 2.62 3.53 1.07 a b 3.05 2.32
37 P 1.06 b 1.80 2.80 1.48 4.27 b “a 2.15
50 ° d b d 2.95 a a b d d
38 - d b d 2.87 a 4,22 b d d
9 k d a d d 1.42 b 2.40 d d
42 x d b d 2.03 1.3 a b d ‘d
49 t d b d 2.58 2.12 4.05 b d d
46 t d b d 3.13 1.50 6.04 b d 3.16
Ho. of .Events. 10 8 9 14 20 13 2 6 8
Average 1.08 1.54 2.02 3.2% 1.37 -3.96 2.78 2.24 2.26
a - data inadequate R=l-4leo'000992d a=tl.49

b - station not installed at time of event
d - station not operated for this event

2
r =0,210 CLR96=*2.25 to 2.29



TABLE 2-3

Ratios (Top/Bottom) for Peak Vectar

Displacement - Single Highest Peak

STATION NUMBER

Event Plot ~TOP 3 10 T1 3 ) B — 15716 13
Number Symbo (6lm) (130.5m) (342.6m) (345.6m) (416.7m) (431.6m) (570m) (580m) (762m)
8 c b 1.47 b b 1.04 b b b b
11 a b 1.24 b b 1.36 a a b b
40 o 1.05 b 1.62 3.01 0.09 2.79 b a 1.25
24 e a b a 3.20 1.05 a - b b b
3 v b 1.12 b b b b b b b
1 i b 1.23 b b b b b b b
13 4 b 1.14 b b 1.27 a b b b
16 d 0.10 1.39 b a 1.15 3.23 1.60 b b
53 b 1.00 b 1.45 a 1.14 3.85 b a 1.44
30 a 1.04 b 2.31 2.19 1.03 2.61 b 1.61 b
36 s 1.06 b 1.61 2.77 a 2.34 b 1.95 1.02
5 - b 1.58 b b b b b b b
21 m a b a 3 1.05 a a b b
2 v b 1.20 b b b b b b b
31 u 1.08 b 1.67 3.53 1.02 3.99 b 2.14 b
45 g a b a 2.85 0.87 3.10 b 1.64 1.56
26 v 1.05 b a a 0.96 3.14 b b b
23 . a b 3 a 0.96 a b b b
55 q a b a a 1.32 a b a a
39 n 1.04 b 1.45 2.95 a 2.97 b 1.85 2.06
43 r 1.08 b 1.78 4.18 0.92 a b 3.29 2.23
37 P 1.07 b 1.73 3.43 1.19 3.45 b a 1.24
50 o d b d 3.4) a a b d d
38 - d b d 2.86 a 2.92 b . d d
9 ke d a d d 1.09 b 1.79 d d
q2 X d b d 2.64 1.09 a b d d
49 f d b d 2.78 1.35 5.03 b d d
46 t d b d 2.58 1.45 4.98 b d
No. of .Events 10 8 8 14 20 13 2 6 8 '
Average 1.05 1.30 1.70 3.03 1.11 3.42 1.69 2.08 1.69
a - data inadequate 0.0007084d -
b - station not installed at time of event R=1.34e Tp=tl.54

d - station not operated for this event

r220.087 Clpgq=+2.39 to 2.44
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is enough larger than that at the surface that a relatively rapid change
in acceleration ratio appears to be takihg place in the first 60 metres
of depth. Velocity and displacement ratios (Figures 2-2 and 2-3) are
only slightly larger than those at the surface. Acceleration peaks are
usually those in the p-wave, whereas those for displacement are in the
surface wave. Peaks for velocity can be in either. Scatter in the
ratios from shot to shot for any station is greatest for acceleration

and least for displacement.

The surface intercept of the ELS fit to all three parameters is larger
than 1l because of the rapid change at shallow depth, as noted above.
[t is in order to review station characteristics which account for these

differences.

Station 10 Prime has both the surface and bottom stations in
alluvium. The bottom station, at 6lm, is well above the alluvium/

basalt interface at 312 m and the water table at 316 m.

Station 4 is in alluvium throughout the length of the hole. The
bottom, at 130.5 m, is 333 m above the alluvium/tuff interface;
ana about 338 m above the water table. Thus, it is not clear why
there should be such a large difference in top/bottom ratios

between Stations 4 and 10 Prime.

Station 10 has the bottom canister at 342.6 m. This is 30.6 m

below the alluvium/basalt interface and 26.6 m below the water table.

Thus, it would be expected that the basalt around the bottom canister

would offer restraint which would cause the top/bottom ratio to

be large. This does not appear to be so, especially when compared



with Station 11.' Station 11 has the bottom canister at 346.6 m.

This is above the water table and 10.4 m above the alluvium/paleozo{c

interface. Top/bottom ratios are re]atiQe]y large. Topography

is not a factor. Thus, the bottom is moving less than expected
relative to the top. The difference can be seen in the spectra

of Stations 10 and 11. Because Station 1l is in Yucca F]at; as
are the nuclear events bejng considered here, there is more energy
in the spectra (both}top and bottom) for Station 11 than for
Station 10 which is in Jackass Flats, 35 to 40 km farther away.
Station 11 shows the greayest spectral differenceﬁ?etween tdp and
bottom at 1 Hz where the difference is more th§n>a factor of 8.
Station 11 is so close to events in Yucca Flat that almost all the

energy is in the direct wave at both the top and bottom.

Station 3 is perhaps the easiest to understand. Both top and
bottom are in granite, the latter at a depth of 416.7 m. Since
the granite is a large intrusive mass (pluton), water table and
interfaces are of little or no consequence. Tob/bottom ratios are

small because the mass moves very much as a unit.

Station 9 is in Rainier Mesa. Top and Bottomlgre separated by a
series of tuff strata;'ahq thé'bottom is'about:236~(f30) m above
the tuff/paleozoic interfacé} In an eést-west direction at the
location of the station, Ra1n1er Mesa is about 1.07 km wide at the
top. The surface station is 1ocated about 0.5 km from the south

edge of the mesa. Northward there is no apprecxab1e,re11ef for

over 4 km. Table 2-4 shows the difference in vertical, north-south,

11
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Motion and
Component
Accel. Vert
(g's) 210°
o°
Ave
Velocity Vert
(cmss)  210°
00
Ave
Disp. Vert
(cm) 270°
o°
Ave

Top
Mot ion
0.00812
0.00975
0.01401
0.01063

0.337
0.817
1.033
0.729

0.0416
0.1337
0.1535
0.1096

TABLE 2-4

Peak-to-Peak Ground Motion at Station 9 for Event 49

Ratio to
Vertica)

1.20
1.723

2.42
3.07

3.21
3.69

Bottom
Mot ion
0.00327
0.00381
0.00457
0.00388

0.183
0.192
0.244
0.206

0.0309
0.0281
0,0250
0.0280

Ratio to

Vertical

1.17
1.40

1.05
1.33

0.909
0.809

Top/Bottom

Ratio

2.48
2.56
3.07
2.70

1.84
4.26
4.23
3.44

1.35
4.76
6.14
4.08

Top/Bottom

Ratio(Vector)

3.08

3.96

3.43




and east-west motion at both the top and bottom, together with
ratios of top to bottom for individual components and ratios of
each of the'hofizoﬁta] combonénts to the vertical. Acceleration,
velocity, and displaéement vé1ﬁes shown are peak-to-peak values.
The station was on an aiimdthvof 311.760 clockWiﬁe from north ébout
éven? 49. Thus the north-south gage (0°, positive north) qﬁd the-
east-west gage (2709, positive west) are within +5% of 459 from
the event. At fhese distances, in the absence of topographic

effects, motions, espgcia]ly displacements, are within ¥50% of the

~ average of_ the three'components, and horizontal motion is closer to

the vertical than is observed here. At the top, horizontal motion

for both components.is significantly greater than vertical, and

that for 0° greater than for 270°. At the bottom, acceleration

and velocity follow the same trends, but with much smaller differences
--differences more like those cdmmonly 6Bserved. For djsplacement

the trend is reversed, producing large tbp/bottom‘ratios for horizontal
displacement. Cufious]y, the 1argést motibn at fhe-top ié in the

directioﬁ of the long axis of the mesa.

Station 8 provided data from'only 2 events. [t was located in Ue-lL.
The top canister was in alluvium. The alluvium-paleozoic interface
was atasl m. The paleozoic medium was argillite of the eleana forma-
tion, which extended to the total depth of the hole at 1627 m. The
station was at 57dAm bétéuse the hole was clésednjust below that
depth. Water tabié is at 520'h or less. There are no topographic
effects at this‘1obat§on; a1though éomezof the effects of proximity

to the explosions noted above for Station 11 would\abply to Station

13
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8, but to a lesser extent since distances are slightly greater.

Stations 15/16 are not a true surface/downhole pair, the former on

Dome Mountain And the latter in Fortymile Canyon. They are separated
by 2300 m horizonta]ly and 580 vertically. Topographic effects were
observed for the Pahute Mesa events, and are seen4for the'Yucca Flat

events as well.

Station 13 is in Hole Ue-18r which had been used as a water well.

The total depth is 1525 m, and the hole is cased to 496 m. The canister
is at 762 m, 344 m below the water table at 418 m. The medium from the
surface to the canister consists of 9 units of ash-flow and bedded tuffs
and one each rhyolite lava and gravel and tuffaceous sediments. The

medium in the lower half of the hole is similar.

The results of the effects of depth for Yucca Flat are:

For single peak vector ratios:
0.00135d

Acceleration R = 1.2% | op ° +1.36
2 -
r- = 0.399 CLRQO = £].87 to 1.89
Velocity R = 1.41¢0-000992d rq = +1.49
2 =
r- = 0,210 CLRQO $2.25 to 2.29
Displacement R = 1.34e0'000708d oot +1.54
2

r- = 0.087 CLRQO = 2,39 to 2.44

where R is the ratio of the peak vector value at the surface

to that at the bottom, and r2 is the coefficient of determination
which indicates the quality of fit achieved by the regression.
Values of r2 close to 1 indicate a better fit than values close

to zero. Standard errors of the estimate, T and 90 percent



[ VU — - — p—

confidence limits, CLR90’ are also shown above and in the
tables. The CLRgo values are multipliers (+) or divisors (=)

of the vé]ue given by the equations.

15-16



CHAPTER 3
EFFECTS OF DEPTH ON GROUND MOTION
MULTIPLE PEAKS

It was noted in Reference 1 that using single peake can dfstort the top/
bottom ratios when either record eontains a single large peak due to
simultaneous’arrivals via different paths which is notfpresentkin the
other. As for the Pahute Mesa data, averages of the highest 5, 10, 15, 20,
‘and 25 peaks were determined separately for fop'and bottom, and the ratio
of the correspondipe averages obtained. Ratios for the 15 highest peaks
'areﬁshown in Tables 3-1, 3-2, ane 3-3, for acceleration, velocity, and
displatemept. respectiveiy. " (Corresponding ratios for the 5, 10, 20,
and‘25 hiéhest peaks are included as Appendix A.) Changes in the ratios
going from 15 to 25 peaks.are usually small‘relative to those going fromA

1 to 15.

Figures 3-1, 3-2, and 3-3 show the ratios for the average of the 15 highest
peaks plotted agaiﬁei depth. Chahges in average values (indicated byi

the flags) going from 1 to 15 peaks can be seen by comparing Figures 2-1;
2-2, and 2-3 with 3-1, 3-2, and 3-3. There are significant changes for
Station 8 %or acceleration, velocity, and displacement; for Station 11

for velocity; and for Stations 9 and 13.for displacement 0n1y‘for dis-
placement is the slope of the fit to the data changed apprec1ably1n going
from»l to 15 peaks For each motlon parameter the coefficient of deter-

mination was 1mproved by going from 1 to 15 peaks.

The effect of geology at the station locations exerts a greater 1nf1uence

on f1t than does the effect of depth The reSuTts are:

17
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TABLE 3-1
Ratios (Top/Bottom) for Peak Vector
Acceleration - 15 Highest Peaks

‘ ' , STATION NUMBER
Event Plot TOP [ 10 1T 3 9 B - 15716 13

Number Symbol (61m) (130.5m) (342.6m) (345.6m) (416.7m) (43)1.6m) (570m) (580m) (762m)
8 c b 1.98 b b 1.71 b b b b
11 a b 1.74 b b 2.38 a a b
40 o 1.32 b 1.50 2.76 1.70 2.42 b a 4.85
24 . a b a . 2.88 1.56 a b b b
3 v b 1.59 b b b b b b b
1 ) b 1.90 © b b b b b b b
13 A b 1.7% b b 1.72 a b b b
16 d 1.29 1.60 b a 1.73 2.5 3.79 b b
53 b 1.23 b 1.0 a 1.97 3.29 b Py 4.68
30 a 1.37 b 1.49 3.04 2.00 2.70 b 1.15 b
36 e 1.24 b 1.70 3.34 a 2.14 b 1.41 3.64
5 ot b 2.06 b b b b b b b
21 m a a a 1.64 a a b b
2 v b 1.74 b b b b b b b
31 u 1.28 b 1.03 2.75 2.05 3.00 b 1.73 b
45 g a b a 2.48 1.45 3.67 b 1.55% 5.33
26 v 1.14 b a a 1.66 2.40 b b b
23 * a b a a 1.47 a b b b
55 qQ a b a a 2.23 a b a a
39 n 1.16 b 1.73 3.79 a 3.92 b 1.89 .47
43 r 1.21 b 2.82 3.2% 1.21 a b 2.02 3.79
37 P 1.27 b 1.53 3.00 1.67 3.1% b a 4.09
50 o d b d 2.56 a a b d d
38 - d b d 3.20 a 3.5 b d d
9 k d a d d 1.90 b 2.60 d d
42 X d b d 2.31 - 1.46 4.00 b d d
99 f d b d 2.68 1.92 2.74 b d d
46 t d b d 3.23 2.36 4.03 b d 5.05
No. of .Events 10 8 8 14 20 14 2 6 8
Average 1.25 1.79 1.60 2.95 1.79 n 3.20 1.63 4.49
8 - data inadequate R=l.30e0'00137d ¢.=%t1.33
b - station not installed at time of event ) R
d - station not operated for this event 2

r€=0.446 Clpg,=t1.78 to 1.81

)
.
1
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TABLE 3-2

' Ratios (Top/Bottom) for Peak Vector

Velocity - 15 Highest Peaks

STATION NUMBER
3

15716

13

Event Plot 10P 4 10 1T . 9 8
Humber Symbol (6lm) (130.5m) (342.6m) (345.6m) (416.7m) (431.6m) (570m) (580m) (762m)
8. c b 1.53 b b 1.22 b b b -
11 a b 1.60 b b 1.49 a a b g
40 . o 1.07 b 2.13 2.59 1.19. 2.94 b - a -2.56
24 b a. b a. 2.79 V.24 a - b b b
3 v b 1.28 b b. b b b b - b
1 I b 1.67 b b . b b b b b
13 A b ! 1.47 b b. 1.23 . a b b b
16 - d 1.02 1.49 b ‘a 1.25 3.38 3.22 b b
53 b 1.06 b 1.54 - a 1.31 4.74 b a 2.69
30. a 1.07 b . 2.45 2.50 1.19 3.07 h 1.65 b
36 - s 1.08 b 1.7 3.32 a 3.55. b 2.18 2.57
5 - b 1.55 b b b b b b b
21 m a b a a 1.18 a a b b
2 v b 1.42 b b b b b b b
31 u 1.09 b 1.67 3.57 1.28. 4.06 b 2.14 b
45 - a a b a 3.46 1.08 4.09 b 1.66 2.59
26 v 1.04 b a a 1.19 3.20 b b b
23 \ a b . a a . 1.14 a b b b
55 q. a’ b a a 1.32. a b a a
39 n 1.06 b 1.7 4.34 a 5.34 b 2.08 2.57
43 r 1.12 b 2.30 3.69 1.07 a b 2.49 2.83
37 P 1.09 b 1.79 3.26 1.34 4.59 b a 2.58
50 o d b d 2.89 a a b d 4
38 - d b d 3.28 a - 4.48 b d d
9. k d a d d 1.46 b 2.59 d d
42 x d! b d 2.16 3.25 .. a b d d
49 t d b d 2.96 1.82 . 3.95 b d 4
46 t d b d 3.07 1.60 5.03 b d . 2,93
No. of .Events 10 - 8 - 8 14 20 13 2 6 8
Average 1.07- 1.50 1.92 3.13 1.29 4.03 2.9 2.03 2.66
a - data inadequate ' R=1,3oe°‘00”5d o .=t1,50
b -~ station not installed at time of event A -~ R
d - station not operated for this event r220.221 =42.28 to 2.33

R90
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TABLE 3-3
Ratios (Top/Bottom) for Peak Vector
Displacement - 15 Highest Peaks
STATION NUMBER

fvent Plot 10P 4 10 11 3 9 B 15716 13
Humber Symbol (61lm) (130.5m) (342.6m) (345.6m) (416.7m) (431.6m) (570m) (580m) (762m)
8 c b 1.32 b b 1.06 b b b b
11 & b 1.25 b b V.17 a a b b
40 o 1.05 b 2.00 3.51 1.08 -3.15 b a 1.66
24 ° a b a 2.56 1.08 a b b b
3 v b 1.09 b b b b b b b
| i b 1.32 b b b b b b b
13 4 b 1.16 b b 1.04 a b b b
16 d 0.99 1.23 b a 1.06 2.94 2.38 b b
53 b 1.02 b 1.39 a 1.16 4.09 b a 1.84
30 a 1.03 b 2.19 2.82 . 0.97 3.19 b 1.73 b
36 . 1.05 b 1.51 2.84 a 3.36 b 2.05 2.15
5 .. b 1.46 b b b b b b b
21 m 3 b a a 1.10 a a b b
2 v b 1.26 b. b b b b b b
31 u 1.04 b 1.53 2.97 1.10 4.01 b 2.16 b
45 Q a b a 2.47 0.94 3.42 b 1.56 ° 1.78
26 v 1.02 b a a 1.05 2.96 b b b
23 * a b a a 1.0% a b b b
85 q a b a a 1.25 a b a a
39 n 1.02 b 1.42 3.98 a 3.74 b 2.09 2.09
43 r 1.07 b 1.71 2.96 0.97 a b 2.57 2.22
37 p 1.10 b V.67 3.72 1.04 4.21 b a 1.73
50 @ d b d 2.76 a a b d d
38 - d b d 2.99 a 3.70 b d d
9 k d a d d 1.28 b 1.69 d d
42 x d b d 2.32 1.1} a b d d
49 f d b d 3.20 1.37 5.07 b d d
46 t d b d 2.54 1.46 3.98 b d 2.0
No. of .Events 10 8 8 14 20 13 2 6 8
Average 1.04 1.32 1.68 2.97 V.12 3.68 2.04 2.02 1.93
a - data inadequate R=1.27¢0- 0008984 aa=t1.55

b - station not installed at time of event

d - station not operated for this event r2=0.l3l CLR90=12.41 to 2.46
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For the 15 highest peaks:
0.00137d

Acceleration R =1.30e oo * +].33
2 = 0.486 Clpgp = 1.78 to i.sl
Velocity R = 130620030y 5
2 _ _ -
r- = 0,221 CLR90 = $2.28 ta 2.33
Displacement R = 1.27e0'000898d T2 = £1.55
2 = =
r- = 0.131 CLR90 +2.41 10 2.46

The exponents indicate that acceleration changes most with depth and
displacement least. The coefficients of determination reflect the diff-
erences due to sfation geology. Since average values for 2'' 2vents were
used in computing the equations, the scatter from one event r3 the other

is not included except indirectly.

Comparison of the error estimates with those in Chapter 2 for <ingle
peaks shows that for there is a very slight improvement tvr acceleration

and essentially no change for velocity and displacement. F:» -nc coefficient
of determination, rz, there was considerable improvement for ::. three.
For the 90 percent confidence limits there was a slight degridation of the

error estimate in going from 1 to 15 peaks.



_ . CHAPTER 4
~ EFFECTS OF DEPTH ON GROUND MOTION .
- PSRV RATIOS-

A portion of the text of Reference 1 is repeated here for reader

convenience.

The Psuedo-Relative Response Spectra (PSRV) plots used in this work -result
from a calculation;at-about 75 frequencies with equal log freduency.intervals
over three deéadés. fOEdinérily the plots afe made sepérately for each of

the three components.‘iBy taking the square root of éhe sum of‘the squares

of the Vélocity value at each of:the frequencies, a composite PSRV has

been constructed which will be referred to as a "vector” PSRV.

Just as for single-component PSRV's, the "vector® PSRV can be constructed
for a specified damping. Here,;s, 10, 20, 35, and 50 percenf of"éritical
damping were chosen arbiﬁrariiy to illustrate the effect of changing the
damping coefficient. Td examine the effect of depth, the velocity value
of the top “vector” PSRV was divided by the corresponding value of the
bottom at each of the 75 frequencies permittihé a plot of the}ratio as a
function of frequency. Also, the éverage‘yglue of th; ratio over the 75
pointﬁ Qas calculated and.é;inted at ‘the lowerﬁleft éorner of the plot.
An‘exampie {éwﬁhowh in Figure 4-1. In.whaf follows, only the 5 percent
damping is treated, although the data exist in file for explorihg corres-

ponding results with the other damping values.

The "vector" PSRV ratio between top and bottom is especially useful in
showing how different frequencies are decreased at depth relative to those'

at the surface. In the following discussion of the ratios the plots in
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Appendix B* have been arranged in the order of the shallowest to the
deepest hole, and for a given hole in the order of decreasing yield. The
left portion of the plotted ratio should become asymptotic (barring the
first two or three data points) at about the ratio of the peak‘Vector
accelerations. Actually, most fall between that value (1isted in Table
2-1) and the ratio of the average of 15 highest peaks (Table 3-1). The
right portion becomes asymptotic between the ratio of the peak displace-
ment for single peaks (Table 2-3) and the ratio of the average of the 15
highest displacement peaks (Table 3-3). The following discussion Qil]

point out similarities and differences.

Station w-10 Prime

This was the shallowest station. The ratios (Figures B-1 through B-5) are
small for all events, asAwould be expected from the small vertital'separa-
tion. The most common feature is a peak in the ratio at between—35'and’45
Hz. Only Event 26 (Figure B-4a) has a higher.peak at 80 Hz. Event 36
(Figure B-3a) has two equal peaks at 45 and 70 Hz., and Event 43 (Figure
B-5a) has no single well-defined peak. Events 16 and 26 (Figures B-lb and
B-4a) both show dipé at 18 and 15 Hz., respectively. These are an artifact
resulting from use of the times 1 output because of failure to get a use-
able record on the amplified channel. One horizontal component wés

involved for Event 16 and all three components for Event 26. Times 1 output

signals have electrical noise at these frequencies.

*The plots of Appendix B were produced at different times and with differ-
ent plotting instructions. As a result, scales of the vertical axis are
not the same for all plots. This difference in scales should be kept in
mind when comparing the figures in Appendix B.
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Station W-4

The PSRV ratios for this station are shown in Figures B-6 through B-9.
A1l signatures show peaks at 1.6 to 2.1 Hz. For Event 13 (Figure B-8a),
the large peak at 16 Hz was occasioned by an excess of that frequency in
the ‘top AR signal and a deficiency in the bottom AR signal. The peak at
about 6 Hz. for Event 8 (Figure B-6a) is a result of an excess of that
frequency in the vertical signal at the top. For Event 2 (Figure B-9b)
the peak at 16 Hz. results from a frequency component which occurs at the
top in all three components, but not at the bottom. The most pertinent
observation on the “"vector" PSRV ratios is that they are so different
considering that both are in alluvium and the vertical separation is only

130 m.

Station W-10

Figures B-10 through B-13 show the ratios for this station. It was noted2
that the bottom canister was installed in a cased hole, and that at the
location of the canister lack of grout or other cause allowed the casing

to ring Qhen excited by ground motion. The ringing affects both horizontal
components and not the vertical. Ringing was observed in the 3 to 5 Hz range.
In Figures B-10 through B-13 this shows up as a low value when the toﬁ

signal is divided by the bottom which has the ringing. Each of the figures

. shows a low peak at 3 to 3.5 Hz. Four have an additional low at 6 Hz. The

most consistent feature for all stations is the pronounced peak between 1
and 2 Hz. This is caused by the surface wave introducing strong pulses in
this frequency range at the top, whereas these same pulses are signifi-

cantly reduced at the bottom.



Station W-11

" PSRV ratios for Station W-1l are shown in Figures B-14 through 8-20. The
most striking feature of the ratio profiles is the large high which peaks
between 0.8 and 1.25 Hz.. Again, these are frequencies characteristic of
the surface wave. In the case of Event 36 (Figure B-15b) where the station
was only 5.35 km almost due south of the event, the radial component at the
surface had a large peak at theﬁe frequencies. At the bottom the radial
component was depleted in this frequency range relative to both higher and
lower frequencies. The result is the large peak shown in_Figure‘B-lﬁb. -
If the reader will refer to Figures E-19 throﬁgh E-24.thg_manifestation of
this effect on.the wave train will be more apparent. . Event 46 (Figure
B8-20b) has a smaller peak at 0.8 to 1.25 Hz. than the othgr évents, and
another of compé?ab1e ampfitude at about 2.5 Hz. This is ev{dent on
PSRV's for‘a11 three componehté at both top and bpttom, but it is much
more pronounced at ihe.surfaCeQ Thé peak in the ratio for Event 30
(Figure BQISa) in the 5 to 20 Hz. region results from high ffequenéy con-

-tent of the surface signal, pa}ticularly for the vertfbal componént. (See

Figure E-13.)

Station W-3

Figures B-21 through B-30 show the PSRV ratios for StationW-3. The ratio
profile for Event 9 (Figure;B-ZQa) has two peaks, one at 7 Hz., and one at
about 3.1 Hz. Profiles for all the other events fall into three categor-

ies. The first has a single dominant peak at about 3 Hz. Events 8 (Figure

B-21a) and 21 (Figure B-25a) are examples. The second has a dominant peak

around 3 Hz. and a second lower peak between 10 and 25 Hz. Examples are

Events 40, 24, 23, 43, 42, 49, and 46 (Figures B-22a, B-22b, B-27a, B-28a,

29
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B-29, B-30a, and B-30b). The third has the dominant peak in the 10 to
40 Hz. range and a lesser peak in the 2.5 to 4.0 Hz. range (Figures B-2lb,
g-23a, B-23b, B-24a, B-24b, 8-25b, B-26a, B-26b, B-27b, B-28b and B-29a).
A1l of the above have ratios which are small compared with peak values at
the other stations, attesting to the fact that the top and bottom in the
granite pluton move more or less as a unit. The profiles indicate the

frequencies at which there are differences.

Station W-9

PSRV ratios for Station 9 are shown in Figures B-31 through 8-37. All
events have the dominant peak in the frequency rénge between 0.9 and 1.6
Hz. This is indicative of the frequency with which the top of Rainier Mesa
resonates. Several of the events show a lesser peak at.between 6 and 10
Hz. Reference to the PSRV's for the individual components of motion show
that this was a contribution of the vertical component in the case of
Events 16, 53, 30, 45, and 27; of the vertical and tangential in the case
of Event 31; and of all three components in the case of Event 26. One out-
standing feature of this set of ratio ploés is the relatively large values
of the left and right asymptotes, signifying the relatively large differ-
ences between top and bottom for accelerafion (left) and displacement
(right). This is in contrast to Station 3 where the displacement (right)
asymptote was small. Event 42 is an exception because of a poor guality

displacement record from the bottom gages.

Station W-8
The PSRV ratios for this station are shown in Figure B-38. Relatively few
measurements were made at this station before it was discontinued when the

Eleana fFormation was drobped from consideration for a repository. Both of



the two ratios obtained show péaks‘in»the 1 to l.S,Hi;'range. Left and
‘right asymptotes are similar, and the dip at 25 Hz. in the case of Event 9
is the contribution of high frequencies observed by all three components

at the bottom.

Stations W-15 and W-16

It is repeated that these two stations do not cbnstitute a true pair, since
they have a 2300 m horizontal separation as well as 580 m vertically. The
plots of PSRV ratios are shown in Figures B-39 through B-41. All six
events show peaks between 0.5 and 1 Hz. For Events 30, 31, 39, 43, and 45
the peaks of the vertical compoﬁent PSRV's are about the same for W-15 and
W-16, while the radial and tangential component peaks are larger at W-15.
This is interpreted as a surface effect. Eveﬁts 39, 43, and 45 have inver-
ted V-shaped peaks at station W-15 and M-shaped peaks at W-16 which accounts
for the sharp heaks in the ratios. &£vents 30, 31, 36, and 45 have ratios
at or below 1 in the 10 to 20 Hz. region. This is because the PSRV's for
W-16 are rich in those frequencies. This richness is in all three compo-

nents.

Stétion W-13

PSRV ratios for Station W-13 are shown in Figures B-42 through B-45. They
are characterized by single or multiple peaks in the 2.5 to 8 Hz. region,
and in all but three c;ses by a dip in the 12 to 50 Hz. range. The latter
is caused by these frequencies being greater in all three components at the

top than at the bottom.

The mean value for the 5 percent damping PSRV ratios are printed at the

Tower left in the figures in Appendix B. These values can be used as an
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index of the effects of depth. The ratios are listed in Table 4-1, and
they are plotted as a function of depth in Figure 4-2. The trend with depth
is similar to that observed in Chapters 2 and 3 for single and multiple
peaks. The strong effect of medium at the station location is preserved
and the scatter of the data at each depth is not appreciably different from

that observed in Figures 3-1, 3-2, and 3-3.

The ELS fit to the data gives for the PSRV ratio:

0.00120d 2

R = 1.34e T = %1.36 r- = 0.350 CLR90 = t1.86 to 1.89
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CHAPTER 5

GROUND MOTION WAVEFORMS
The attempts in the preceding chapters to provide a quantitative measure
of the_A effects of depth do not reveal some of the qualitative aspects
of ground moticn, These can best be observed by camparing acceleration,
velocity, and displacement at the surface and at each depth. In Appen- -
dices C through J these wavefo_nne for vertical, radial, and w.ngential
motion are presented for comparison. The appendices are arranged in
order of depth, AppendixC txéating the shallowest depth and Appenriix J
the deepest. An exception is ‘Station W-10 which is included in Appendix
C because of 1its proximity to the shallowest hole. Within each appendix
the data are presented in order of decreasing yleld. For each event the
amplitude scales are the same for top and bottom to :facili't:_ate ccrnpabisons.

There are some common f'eatuzes to be pointed out before going into more
detailed discussion. First motion of the vertical camponent 1is upward
and first motion of the radial component is outward fmm the source
Direction of first tangential motion can be either clockwise or counten- |
counterclockwise and is unpredictable with no prior experience for a shot
in a given location. It can become p:edicmble f‘or- an event suft‘iciently
near an earlier event for which direction of first motion is lmown First
motion at the bottom 1s usually a few milliseconds earlier than that a.t
the top. And, first-motion of the r'adial and ta.ngential gnotion is
generally a few milliseconds behind that of the ver'tical comporent.
Except for Station W-11, which 1s'in Yucca Flat and relatively close to
most of the events, the maximum acceleration is found in the body wave
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and the maximm displacement in the surface wave. The maximum amplitude
of the vertical camporent of the surface wave 1s attenuated relatively
little with depth over the range of depths and wave lengths of concem
here. At the ground surface the maximum amplitude of the radial comporent
13 about 2/3 that of the vertical compcnent. It becomes smaller relative
to the vertical component as depth increases. These observations are
based on a theoratical treatment by Pilant,3 and it can be seen in

these data that there are same apparent exceptions.

In the following discussion the stations will te treated in order of
increasing depth of the bottom canister (except for W-10 bottom), and
the events in order of decreasing yleld. To facilitate visualizing the .
relative locations of the numbered events with nespect to the 'stacions-,
1t 1s suggested that the reader have avallable Appendix A of Raference 1
while reading t".his chapter.

@ Station W-10 (Appendix C)

It was noted earlier that casi.ng ringing was involved at W-10 bottom in
Well J-11. It occurs for both horizontal comporents, and is siz.:ificant
during the early portion of the acceleration records. The ringing 1s
discemible on the velocity becords, and is hardly noticeable on tbe
displacement records. The frequency at which the ringing is rraxitmm is
tetween 3 and 3.5 Hz as noted in Chapter 4. Another feature common to
all events is the relatively small difference tetween W-10 top and W-10'
(the plots without the top or bottom notation). This small difference

13 seen in all three ccmponents of acceleration, velocity, and displacement.



Event 40 (Figures C-1 through C=9) Comparison of Figures C-1 and C-3

show that the vertlcal camporent of displacement has changed relatively
little from top to bottom. A similar camparison of Figures C-4 with
C-6 and C-7 with C-9 1llustrates the significant reduction in the

horizontal component displacements.

Event 16 (Figures C-10 through C-15) This was the first event on which

measurements were made at W-10 top and W-10'. The bottom canister had
not been installed. For W-10' no data was obtained from the high sensi-
tivity cha:n'xeis, ‘and the use of the direct output chanrels (no amplifica-
tion) results 1n‘m'ore than the usual amount of system noise.

Event 53 (Figures C-16 through C-24) A close examination of the vertical,

‘radial, and tangential displacements shows that the signa.ls are in phase
at all three levels. The ringing of the pipe is especially large on the
tangential record (Figure C-24).

Event 30 (Figures C-25 through C-33) The si:hilarity' of the ‘records at

the three levels is an obvious feature of this set of records. An
interesting aspect 1s seen in Figures 0-28 and C-29, where there is a
small high frequency in the former at 22 to 26 seconds which is not in
the latter. |

Event 36 '(F:ngnes C=34 through 'c-ué) A cdnpat'ison of the d18placenents

in these nine figures shows ‘that at a.ll levels the tang=nt1al motion is
greater than either the vertical or ra.dial 'I’he stations are at a.n
azimuth of 203.6° from the event, compared with 209 9° for Event 30,

where displacement ampliwdes of the three components were similar.
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Event 31 (Figures C-43 through C-51) - While it 13 expected that the
radial displacement amplitudes would be attenuated with depth more than

the vertical, no trend can be predicted for the tangential component.
I%re, there is less attenuation for the tangential cdnponent. In
addition, the tangential displacements are larger than those of the
vertical or radial comporents, as was the case for Event 36. In this

case the stations were at an azimuth of 204.7° from the event.

Event 26 (Figures C-52 through C-57) Data from the bottom canister was

obscured after three seconds following signal arrival by a burst of RF
noise. In this case the tangential displacement at the surface is only
slightly larger than the radial, and at the 61-m level the tangential
displacement is considerably larger. The vertical displacement is
smaller than either radial or tangential at both levels. For this event,

the stations were ét an azimuth of 205° from the event.

Event 39 (Figures C~58 through C-66) Again the tangential displacements

are much larger than vertical and radial, the latter two being essentially
equal. The stations were at an azimuth of 207.22° from the event.

Event 37 (Flgtmes.c-TG through C-84) Vertical, radial, and tangential

displacements are about the same at each level. The vertical displacemerit
at the top (Figure C-76) has a low frequency background resulting from a
VCO malfunction. By comparing these figures for motion gersrated by the
smallest yield in this data set with the corresponding figures in Figures
1 through 9 for the largest yleld, it can be seen that peak displacements
are roughly a factor of 10 smaller for the smaller yield.

In five of the ten events describted above, Events 26, 31, 36, 39,



and U3, the tangential displacement was markedly larger then the radial

and vertical displacemerits. These five events were all located in Area 2 -

at azimths between 203.6° and 207.2°, and at dis'téhces between 38.30

and 40.85 lcm. ‘I'he other five events without enhanced ta.ngential displace—

ments were located in Areas 4 a.nd 7, a.t azimuths between 209.7 -and

212.7 and distances between 42.07 and Ml.92 km. This is one manifesta-
tion of how small 'differences in source locations can affect the direc-
tion of largest motion. Of the five events in Areas 4 and _7, four were
in tuff and one (Event 37). in alluvium 2 m above the alluvium/tuff inter-
face. Four vere below the water table and Event 37 was 18 m above. o
the five events in Anea 2, two (Events 26 and 31) were 1n tuff and the
others in alluvium; only Event 26 was below the water table. Thus

there 1s no indication that the medium in the immediate vicinity of the
detonation causes differences in ener@ coupling which contributes to

the strong tangential displacenmenﬁs. ~ Since the ]_.az'ge:f amplitudes in

“the diSpiaoements are fmm the surface wave, we can only speculate that
there are differences in geology in the :'egion of surface wave formation
which contr'ibute the larse tangential displacements from events in Area 2
and which do not exist in the region of Areas 4 and 7.

@Station W-4 (Appendix D)

Since the bottom cam.st:er at this station is only 130 5 m deep, the
differences in motion betv.een top and bottom are relatively small.

Event 8 (Figures D-1 through D-6) The unamplified (x 1) data are used
here because the amplified data was limited by band edge. Accelerations
are reduced by depth more than displacements. - | |
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Event 11 (Figures D=7 through D-12) There are no special or unusual

features in these records.

Event 3 (Flgures D-13 through D-18) Radial velocity in the body wave

portion at the begimning of the record is considerably reduced.by depth.

Event 1 (Figures D=19 thrbugh D-24) These records were from the first

surface and downhole canisters installed as a part of this program, and
are particularly good records.

Event 13 (Figures D-25 through D-30) This event was separated from

Event 1 by 409 m radially and 32 m vertically. Both were in tuff and
below the water table. A comparison with the six f‘oregoing figures
shows that the waveforms, especially for displacement, are very similar,
except that the bottem tangential is smaller than that of Event 1l.

Comparison of Figure D-23 with D-29, the top tangential component, shows

enough similarity to conclucde that the tangential motion is detarmined
by geology, even though it 1s not predictable for the first event in a

particular location.

Event 16 (Figures D-31 through D-36) There was a 964 m radial and 61 m

vertical separation between this event and Event 3. Both were in tuff
and below the water table. Camparing these figures with Figures D-13
through D-18 shows that the waveforms are similar, but not as alike as
for Events 1 and 13. The signals are in phase. Amplitudes for Event 16
are larger than for Event 3 even though the yield of the latter was
larger. Again, similarity of the tangential components indicates the
displacements are determined by geology.



Event 5 (Figuies D-37 thmus_m D-42) Although this event was in Area 2
alongv ifith Events 1,‘ il, and 13, the radial distance separating it from
the others was between le and 3.1 lm. Comparison with the figures for
those eve‘nlv:s‘ shov;ts that the waveforms from Event 5 have little in common
with wavefonns‘f‘bom the others. A most notable difference 1is the large
tangential displacement in the interval of 40 to 50 seconds, when in the
records of the other events the motion was almost damped out. This was
not cne of the events which provided large tangentisl displacements at
Station 10, but it was near Event 31 which did. | o

Event 2 (Figures D-43 and D-48) This event and Event 8 were detonated

in Area 7, but about 3.19 km apart. Camparison of these figures with
Figures D-1 through D-6 shows little similarity.

@®Station W-11 (Appendix E)-

This station is 342.6 m deep, and is the closest to weapons tests in
Yucca Flat.. As a result, p waves dominate the signa.ls and surface waves
are poorly developed. Also, signals are of shorter duration thanvat the

more distant stations.

Event 40 (Figures E-l' through E<6) The top canister was 3872 m from the

detonation and the bottom canister was et 3828 m. The bottan'éé;nsver
was about 320 m above the detonation point. As a result,‘”vertica.‘l motion
at both top and bottom is quite strong. "It shows much less decrease

with depth than does either the ‘radial or tangential.

Event 24 (Figures E=-7 through E-12) The top canister was 4278 m from
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the detona.tion point and the bottom one at 4238 m. The bottam canister
was 324 m above the detonaticn. There was an 11° azimuthal difference
from this event to the. station relative to the preceding event. Thus

a similarity in signals would be expected, since both were fired in tuff
below the water table, and yields were about the same. In fact, the
signals are very much alike, the principal difference being that ampli-
tudes of the tangential compornent of Event 24 were slightly larger than

those of Event 40.

Event 30 (Figures E-13 through E-18) For this event, the top canister

was 3793 m and the bottom one 3710 m from the detonation point. The
latter was about 250 m above the explosion. The azimuthal separation
from the other events was greater. There were 24.7° separating this
event from Event 40 and 36.7° separating it from Event 24. This event
was also 1n tuff below the water table. Yleld was smaller than for the
two preceding events. Vertical and radial motion at top and bottom were
similar in waveform, but the amplitudes were smaller. Tangential motion
at both top and bottom had amplitudes comparable to those of Events 24
and 40, but phasing was different, especially at the top were Event 30'
appeared to have higher frequencies in the displacerent.

Event 36 (Figures E~19 through E-24) This event was 5367 m (average for

top and bottom) away from the station, and on quite a different azimuth.
All signals "ring down" over a longer period of time than for the closer
events. Only the vertical component at the bottom shows a similarity of
waveform compared with the preceding events, and the amplitude is
consicderably less.



Event L (Figures E=25 thmugh E-30) This event was even fa.rther away

than the foregoing cnes, and its azimuth was 11° fr-cm tha.t of Event 36.
Waveforms are different from those discussed above. The vertical
component at the bottom shows a decrease relative to the top, greater

than the decrease noted for the preceding events.

Event 45 (Figures E-}i through E-36) This event was 394 m farther away

than Event 30, and there 1is an azunuthsl separation of only 6.3°. Even
so, the waveforms of the vertical and radial signals ene quite dif.fferent
rrom.those of Event 30. 'I'a:gentia.l displacements at the top from the,-r
two events have a similar dominant freqcency, and in bcth cases tangential
motion at the bottom is much less than that at the top. This decrease
with depth was greater for both events than for the vertical and radial

components.

Event 39 (Figures E-37 through E-2) Event 39 was 26 m closer than

Event 40, and there was-a 61° azimuthal separation. There is some
similarity in the first cycle of the vertical records of the two events
and in the fiprst two cycles of the radial necords. Ta.ngential motion at
the top is in neasonable agreement for the two events. Ahpiitudes forf
Event 39 are much smaller than those for Event lIO. _Event 39“ was 115 m.
above the bottom canister ccmpaned with 3214 m below for Event uo. This
difference as well as the relatively large a.zirmxthal separation m&y have

contributed to some difference in waveforms. _

Event 43 (Figures E-43 thnough E—ll8) The top tangential :ecord (Figure

E-47) came from the unamplified channel This event was 465 m closer
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than Event 31, and the azimuthal separation was 7.5°. Camparison with
the waveforms f.'or-Event 31 shows a similarity in the p-wave portion of
the record except for the top targential.

Event 37 (Figures E-49 through E-5U4) This event 1s the closest to the
station of all events in the data set. The top canister is 2586 m from
the detonation point and the bottom canister 2546 m. The elevation of
the detonation point is 126 m above the bottom canister. The tangential
motion at the bottom is very small compared with that at the top. Event
37 1s 1.64 km closeé to the station than Event 24 and the two are sepa-
rated azmut}'xall{ by 5.9°. Records from all components, top and

bottom, are dissim_ilar for the two events.

Event 50 (Figures E-55 through E-60) Event 50 was 248 m farther than

Event 36, and the azimuthal separation was only 3.1°. Wavefomms for the
two events are unalike. Those from Event 50 contain quite high frequencies
in the p-wave portion of the signal. The bottom vertical displacement

is not valid because of a malfunction of the VCO for that channel.

Event 38 (Figures E-61 through E-66) Event 38 was 11.8 km from the

station on an azimuth quite different from the foregoing events. As a
result, the surface wave 1is more thoroughly developed and there is a
longer time btefore the motion "rings down.”

Event 42 (Figures E-67 through E~72) This event is separated azimuthally

from Event 50 by 4.1° and it is 2.09 km closer than that event. There
is no similarity in the records of the two events. The singularly large
displacement pulse that occurs between 12 and 14 seconds on the records



of Event 50 is completely missing on the records of Event 42.

Erent 49 (Figures E-73 through E-78) This even'tvand Events 38 and 46 -
are the only ocnes in the Station W-11 data set which were fired in
Area 3. Thus they would not be expected to have waveforms similar to
events fired in other areas. Event 49 is a.t about h2lf the dista.nce
from the station as are Events 38 and 1&6, and the waveforms of Event 49
are not like those of the other two events.

Event 46 (Flgures E-79 through E-84) Event 46 1s 685 m farther than

Event.38 and the two events have an azimuthal separation of only 3.8°.

In spite of these snall dit‘ferences in the locatilons, thene is essentially
no similarity in the waveforms produced. ‘Both events were in tuff and
above the water table. Although the ylelds were not a.pprveciably different,
the peak displacements for Event 46 were about half those of Event 38. N

© Station W-3 (Appendix F) .

The bottom canister at this station is 416.7 m deep. Both top and bottam
are in granite of the Climax Stock. Experience with the Pahute Mesa
data indicates the granite moves pretty much monolithically. v The infor-

mation in Chapters 2, 3, and U4 substantiates tha.t the dif.‘fetence in top and

bottom vector motion 1s much less than would be expected for the depth.

Event 8 (Flgures F-1 through F—6) The wa.vefoms from this event have

dominant p-wave accelerations a.nd dan:Lnant surface wave displacements.
Vertical and tangential ~disp1acement at top and bottom are virtually the
same. Radial displacement at the bottam 1is siightly smller than at the
top, but not as much reduced. as for the wavefoms shown in Appendix E
for Station W-ll where the shots were closer-.
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Event 11 (Filzures F-7 through F-12) The comrents made for Event 8 apply,

except that the tangential displacement at the bottom is smaller than at

the top.

Event 40 (Figures P-13 through F-18) For this event the top and bottom

vertical and radial displacemnts are about equal. Peak displacement
amplitudes of the ra.dial at the bottcm are about equal to thoses at the

" top, but maxima occur at 4 to 6 seconds at the bottom and at 14 to 16

seconds at the l:op.

Event 24 (Figures F-19 through F-24) The coments for Event 8 above

apply to Event 24. This event was about 900 m farther away from the
stat:ior; than Event 40, and on essentially the same azimuth. They were
at the same depth, were in tuff below the water table, and had cawpar-
able ylelds. Making allowance for the longer travel time for Event 24
in comparing the records, one finds that the top and bottam vertical
displacements are virtually the same for both events. There 1s less
similarity in the case of the radial and tangential displacements.

Event 13 (Figures F-25 through F-30) For this event the maximum radial

and tahgential displacements are in the p-wave porticn of the wave train.

Event 16 (Figuras F-31 through F-36) Event 16 was on essentially the
same azimuth as Events 8, 40, and 24, but it was from 1.5 to 3.3 km
closer. Campariscn with Figures F-13 through F-18 for Event 40, which
was closest to Event 13, shows same similarity in the vertical displace-
ments but very little in the radial and tangential. There is as much
agreement with Event 24, but less for Event 8.



Event 53 (Pigures F—37 ‘through F-ua) This event was a.lso on about the

- same a.zimuth as Events 8 L0, 24, and 16, and 150 m fa.rther away than
Event 40. Vertical displacements are in good agreement with those of
Event 40, especially at the bottou. FRadial and tangentisl displacements
for the two evenf:s are in phase, but the amplitudes are considerably
gneaﬁer for Event 40. v

‘Event 30 (Figures F-43 through F-48) Event 30 is another on about the

same azimuth as the four referred to above. It was 57 m closer than
Event 16, "and the azimuthal §epar-ation was 1.4°, Vertical displacements
for the two events' are véry much in agreement. Vertical accelerations
at 'the beginning of the surface signal from Event 30 are much greater
than those of Evént 16. Agreement 1s }mt quite as good for the radial .
tangential components. The top tangential signal from Event 30 is quite
different in the p%m portion from that of Event 16.

Event 21 (Figures F-49 through F-54) This event was on exactly the same

azimuth as Event 53 and 915 m farther away. ‘It was 167 m farther than
Event 24, and separated azimuthally from that event by 2.&?. ~ Agreement
bétween Events 21 and ‘53 1s good t‘orvthe vertical displacements and the -
top tangential ‘displacekém:"sg, and only fair for the radial. Agreement -
between Events 21 and 24 is»vespecially good for vertical and redial
displacements, and moderately good for the tangential. Thus we conclude
that atz least for these ‘three events a separation in distance leads to
more dissimilarity than a small azimuthal difference.

Event 31 (Figures F-55 through F-60) This was the closest event to
Station W-3. It has a very strong vertical acceleration at the beginning
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of the record frem the top canister. Vertical displacements at top and
bottom are large relative to radial. and tangential displacements.

Event 45 (Figures F-61 through F-66) This event has a distance separation

of 275 m from Event 16, and an azimuthal separation of 7.6°. There 1s
only moderate agreement between the vertical displacements of the two
events, even less agreement between the radial displacements, and little

agreement for the tangential displacements.

Event 26 (Figures F-67 through F-72) For this event, the radial

displacements at both top and bottom were small relative to the vertical
and tangential. The event was 147 m closer than Event 13, but there was
an azimuthal separation of about 9.49. The vertical displacements of

the two events were in phase during the first few seconds, and out of
phase thereafter. There was little simllarity between the radial and
tangential motions of the two events. Whereas an azimuthal separation
of 2.4° between Events 21 and 24 led to similar waveforms, the separation

here was too great for there to be agreerent.

Event 23 (Figures F=73 through F=78) The system noise on the acceleration

records for this event resulted from only a small portion of the band
wildth being used. This was done intentionally to permit recording larger
signals from another event when the time interval between the events did
not permit changing gain settings at the station. The location of the
event made 1t comparable only to the event below. "

Event 55 (Figures F-79 through F-84) Events 23 and 55 were separated

radially by 603 m and azimuthally by 4°. There 1s little similarity in
the waveforms of the two events. One exception 1s the two positive and



ore regative tangential displacemént peeks in the vicinity of 10 seconds

for both events.

Event 43 (Figures F‘Q85 through F-90) Events 11 and 43 were separated by

only 0.3° but by 1.6 lm radially. The distance separation was so great
that there 1is no similarity in the waveforms. The yleld of Event 43 was
smaller than that of Event 11, and that may_have contributed to the -

difference in waveforms.

Event 37 (Figures F-91 through F=96) Tl'u.s event was separated from

Event 40 by 5 7° and lt73 m, and from Event 24 by 6° and 425 m. Both had
yields lar'ger than that: of Event 37. There 1s no similarity in the
.necor'ds‘ from Event 37 with those of either Event 40 or 24. One notable
characteristic ié the higher frequency of the displacement from Event
37, compared with Events 40 and 24. This is probably a result of the
smaller yield. | |

Event 9 (Flgures F-97 through F-102) Event 9 is one of three events

de tonated 1n Area 3, and would-not be expected to produce motion

compaz-able to that of any of the above events.

Event 42 (Figures F-103 ~:mr-ou§h F-108) Event 42 and Event 26 had a

radial separation of 116 m and an azimuthal separation of 2°. The
vertical and radisl displacements of the two events are in good agree-
ment to about 7 seconds, after which they are out of phase because of
the higher-frequency motion-of the lower-yleld Even;.: 142. There isAno
agreement between .the tangential displé.cenenté. | -

Event 49 (Figures F-109 thmugh F-llll) This 1s the second of the three

events detonated in Area 3. Because 1t is relatively remote from the
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other two, the motions would not be expected to be similar--and they are

not.

Event 46 (Figures F-115 through F-120) This event is separated from

Event 9 by 2.6° and 1.868 km. Although the azimuthal difference is
small, the distance separation 1s sufflciently large that the signals

from the two events are quite dissimilar.

@ Station W-9 (Appendix G)

-50

The depth to the bottom canister at this station is 431.6 m. Both the
surface and bottom canisters are in tuff. It was noted in the previous
chapters that because of topography the top of the Rainier Mesa experiences

large horizontal motions relative to those at the bottom.

Event 40 (Figures G-l through G-6) Peak-to-peak radial displacements at

the surface are 2.7 times those at the bottom, and peak-to-peak tangential
displacements are 5.0 times the bottom values. Figure 5-1 shows the

ratio of top and bottcm peak-to-peak displacements as a function of
azimuth. Whereas the maximum difference 1s only a few degrees from the
tangential, the minimum occurs at about the 170-350° axis, almost midway
between the radial and ta.ngentia; motion. This latter is approximately
along the long, or stiff, axls of Rainier Mesa. Corresponding ratios

for the vertical displaéemnts are between 1.25 and 1.30.

It 1s in order to compare these displacements with those measured at
Station W=3 where there were no topographic effects. There maximum
difference between top and bottom was about 1.5 and the minimum 0.5.
Averaged over 360 degrees the displacement at top and bottom was equal.
Orientation of maximm displacement is within 10 degrees for the two



Figure 5.1.

 Ratio of peak-to-peak displacement at
~top-and bottom as a function of azimuth
at Rainier Mesa
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events and that of the minimum within 30 degrees.

Event 16 (Flgures G-7 through G=12) Event 16 was about 671 m closer

than Event 40, and there was an azimuthal separation of 4.8°. In spite
of the latter, there is a surprising similarity in the signals which can
be seen best in the top radial and tangential components of the two
events. This can be observed by camparing Figures G-3 with G=9, and G=5
with G-11.

Event 53 (Figures G-13 through G-18) This event was about 650 m farther

away than Event 40 and 1.32 lm farther than Event 16. There was an
azimuthal separation of 1° frem Event 40 and of 3.8° from Event 16.
There 1s considerable similarity in the radial motion of the surface
station, and in the tangentlial motion as well, until about 15 seconds.

-Af‘ter that time differences in both phase and amplitude are observed.

Figure 5-2 shows the ratio of top and bottom peak-to-peak displacements
as a function of azimuth for Event 53. Event 53 was chosen because it
was close to Event 40. (See Figure 5-3.) There is a similarity between
Figures 5-1 and 5-2, but the length to width ratio of the pattern in
Figure 5-2 1s less than that of Figure 5-1. Maximm difference between
top and bottam is about 4.7 times and occurs along the 70-250° axis,
rotated clockwlse from the tangential by about 37°. At the minimm the
top displacement is about 2.7 times the bottom along the 150-330° axis.

Event 30 (Figures G-19 through G-24) Event 30 1s separated from Event

40 by a radial distance of 940 m, from Event 16 by 270 m, and from Event
53 by 1590 m. Azimuthal separations are 4.4°, 0.34°, and 3.4°,



Figure 5-2.

Ratio of top and bottom peak-to-peak
displacements as & function of azimuth

~at Rainier Mesa- o -
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Figure 5-3.

Relative locations of Events 16,
and 53.

30,

40,




respectively. 4 canparison of top radisl motion t‘or the four events
indicates the greatest ‘similarity between E\rents 30 and 16 and the least
between Events 30 and 53. This is as would be expected from the distance
and azimuthal sépamtions. The same similerity exists for the top v
ta.ngentia.l motion. The scales on the rigures have been set to. accammodate
the rraximum positive a.nd negative excursion occurr:lng in top vertical,
radlal, a.nd tangential motion. Thus where there is a large difference
between top kand bottdm, ‘the scales for the botﬁan records result in smsll
anplitudes in the figures. Figures G-1 and G-19 for Events 40 and 30
show that the vertical motion was coamparable to the radizl (Figures G=3
and G-21) and tangential (Figures G-5 and G-23). Figures G-T and G-13 ‘
show that for Events 16 and 53 the vertical motion was small relative to
the radial and tangentisl (Figures G-9, G-11, G-15, and G-17). This is
unexpected, since Events 16 and 30 were close to each other as were
Events 40 and 53, but the two pairs were separated by a greater distance.
Flgure 5-3 shows the relative locations of the four events. Event 30
was in alluvium above the water ta.ble, the others were in tuff and below
the water table.

Event 36 (Figures G-25 through G-30) This event was the closest to

Station W=9. It is separated too far in both azimuth and distance to be

camparable with any other event.

Event 31 (Figures G-31 through G=36) Like the preceding event, this one

1s separated in distance or azimuth from the other eventé,; and cduparisons

cannot be made.

Event 45 (Figures G-37 through G-U42) Event 45 was separated from Event

53 by about 315 m and 6.5°. Comparison of the top redisl and tangentisl
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displacements for the two events shows moderately good agreement to
about 12 seccnds for the radial and to about 16 seconds for the tangential.
Thereaftar thare are differences in both phase and amplitude.

Event 26 (Figures G—53 through G-48) The most obvious characteristic

of the records from this event is the large amplitude of the top tangential
displacements. Those amplitudes are over three times the vertical and
radial displacements. Vertical and radial displacements show very little
difference between top and bottom.

Event 39 (Figures G-49 through G=54) This event was separated from the

previous one by only 0.3%, but by 1.64 km in radial distance. Even
though the aligrment ‘13 the same the distance separation is so large
that the waveforms are quite different. The one common charactaristic
is the large amplitude of the top ta.ngential signal.

Event 37 (Flgures G=55 through G=60) This event is only about 25 m
closer to W-9 than Event 30, but the azimuthal separation is 8.9°.

There is no similarity in the ground motion because of the azimuthal
separation and becausa of the difference in yield. Difference in burial
depth may have been a factor, since.Event 37 was in alluvium above the
water table and Event 30 was in tuff and below the water table.

Event 38 (Figures G-61 through G-66) This 1s the first of the three

events detonated in Area 3. It, too, has unusually large tangential
displacement at the top relative to the other five measurements.

Event 42 (Figures G-67 through G-72) The vertical velocity and displacement
at the bottam (Figure G-68) are not valid because of a malfunction of




the VCO for this chammel. Only the acceleration was used in the treatment
in Chapters 2 and 3: Event 42 was separated from Event 26 by about 370 m
and 1°. In spite of the small separation, thére 1s no similarity in the
waveforms of the two events. There was a difference in yield and burial
depth. Event 26 was in tuff and Event 42 was in alluvium. Both were |

above the water table.

Event 49 (Figures G-73 through G-78) This event in Area 3 is separated

too far from the other two for the motions to-be ccmparableL

Event 46 (Figures G-79 through G-84) Events 38 and 46 had a radial

separation of gbout 600 m and an azimuthal separation of 2°. There is

no similarity between the waveforms of the two events.- _
It is interesting to catqgorize the waveforms in Appendix G according to -

the amplitudes of the displacements from the top canister. They fall
into three categories. )

1. Amplitudes of vgrtical,‘ radial, and tangential components
are canparable‘.f

2. Amplitudes of the vertical component are small relative
to those »of the radial and tangential components which
are larger.

3. Amplitudes of the vertical and radial components are
snall relative to those of the tangential comporent
which are larger. |

Events in Category 1 are 30, 36, and 40, in Areas 4, '2,; and 4, :eépectively.
Those in Category 2 a:-e‘16,' 31, 37, 42, 45, 46, 49, and 53; 1n Areas 4,
2, 4, 2, 2,3, 3, and 7, respectively. In Category 3 are 26, 38, and 39,
in Areas 2, 3, and 2, respectively. Figure 5-4 shows the relative
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eCategory
aCategory

sCatagory 3

Figure 5-4.

Relative locations of events falling into three
ground motion categories




locations of the evenos in each oabegory.. There is no pettem inthe
horizontal locations of the events in the three categories which would
explain the observed motion. In Category 1, Events 30 and 40 were in
tuff below the water table, and Event 36 was in alluvium below, In’
Category 2, Events 16, 45, and 53 were in tuff beiow the water table and
Events 31, 46, and 49 were in tuff above. Events 37 and 42 were in
alluvium above the water table and Event 39 was in a.lluvi\m above./ Thus
the environment surr'ounding t:he burst does not appear to contribute to

the obsewed motion in any consistent way

@ Station W-8 (Appendix H) -

Data were recorded at this station on only two Yucca Flat events. One

of these was in Area 4 and theotner in Area 3. The data are of interest
primarily because of the depth of the hole and the fact that it was on -
the western edge of Anea.-li

Event 16 (Figures H-1 through H-6) Because of the depth of the hole

there was a significant decrease in radial end tangential motion seen by
the bottom cenister. The event inAneelL was 8. 7 kmaway fromthe
station and pmduoed nearly sinusoidal vertical displa.cements, but: quit:e
irregular radial and 'angential displaoemnts. 'I‘his suggests some higher-
frequency content in the horizontal motion that was not present in the
vertical.

Event 9 (Figures H-7 through H-12) This event in Ares 3 'was 10:6 lm

from the station. Vertical motions contain high frequencies which were
not seen in the vertical motion records for the previous event. There

are greater differences in vertical displacements between top and bottom
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than would be expectad from the data examined to this point.

©® Stations W-15 and W-16 (Appendix I)

Station W-15 on Dome Mountain and W~16 in Fortymile Canyon did not
constitute a true surface/downhole pair, since there was a 2300 m

horizontal separation as well as the 580 m vertically.

Event 30 (Figures I-1 through I-6) Vertical displacement at the two
stations is quite similar after allowance 1is made for diffarence in
arrival time. There 1s less similarity for the radial and tangential

' displacement. In Figure 5-5 the ratio of tdp to bottom peak-to-peak

horizontal displacements 1s plotted as a function of azimuth. The
dashed line parallels the edge of Fortymile Canyon. The direction of
maximum displacement is 20° counterclockwise from a perpendicular to the
canyon edge. Thus there 1s a demonstrated sdge effect of the canyon.

Event 36 (Figures I-7 through I-12) Both the radial and tangential

displacements in Fortymile Canyon are smaller relative to those on Done
Mountain than was the case for Event 30.

Event 31 (Figures I-13 through I-18) Event 31 was 1.7 km farther from

both stations than Event 36, and both were cn the same azimuth. There
are portions of the surface‘ wave during which the displacements at both
stations for the two events are in phase if the difference in arrival
time is taken into account. The most obviocus difference is that the
maximum displacement in the vertical and radial components occurs later
for Event 31 than for Event 36, even though Event 36 was the closer of
the two. '

Event 45 (Figures I-19 through I-24) Event 45 was 1.9 km farther than
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ALIGNMENT OF THE EOGE
/ . OF FORTY-MILE CANYON

/
/

Figure»5.5.\~RatioAof?peak-to-peak"disp1acemént at Dome
Mountain and Fortymile Canyon as a function
of azimuth
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Event 30, and there was a 1.9° azimuthal separation. Vertical displace-
ments at Statlon 15 are smaller than the radial and tangential displace-
ments, whereas at Station 16 all have comparable amplitudes. This
suggests topographic effects permitting greater horizontal motion for
Dome Mountain. There are few similarities in the waveforms of'Events

30 and 45.

Event 39 (Flgures I-25 through I-30) Again, the larger horizontal

displacements at Station 15 suggest topographic effects. Event 45 is
about 120 m closer than Event 30, and there is an azimuthal separation
of about 4.2°. There are no obvious similarities in the motion at

either station from the two events.

Event 43 (Figures I-31 through I-36) This event has a radial separation

of about 280 m from Event 36 and 1510 m from Event 31. The azimuthal
separation from both is 0.6°. The only common feature for the three
events is that the horizontal displacement at Station 15 is larger than

that at Station 16.

Since Dome Mountain is susceptible to topographic effects on the motion,
the displacements from the top canister were subjected to the same
categorization as was dona for W=9. Events in Category 2 x;vene 30, 31,
36, 39 and 45. Event 43 was in Category 3. None were in Category 1.
Of the five events for which there were also data at Station W-9, only
Events 31 and 45 were in the same categories at both stations. This
difference in the two cases would tend to confimm the observaticn made
with respect to Station W-9, that the mechanism affecting the relative

amplitudes of the three camponents is not related to source environment.



© Station W-13 (Appendix J)
Station W-13 1is of interest because at 762 m the ‘bottam canister is the

deepest in the program. It is also of interest becazuse of -the complex
geology of the Timber Mountain Cauldera in which it is located.

Event 40 (Figures J-1 through J-6) Vertical displacement is virtually

identical at top and bottom. Radisl and tangential displacement at the

bottom is much reduced.

Event 53 (Figures J-7 through J=12) Events 40 and 53 are on the same

azimuth and have a radlal separation of about 720 m. Displacements of

all three ‘c'cmpox"ents of Event 40 are in phase with those of Event 53.
Peak-to-peak displacements of Event 53 are about half thése of Event 40,
except for the top tangential which was less than half. Top/bottem

.rat:ios of the events were about 1.1 for vertical, 2.6 (Event 40) and 3.1
(Event 53) for radial, and.1.9 (Event 4o) and 1.7 (Event 53) for fangential

displacements.

Event 36 (Figures J-13 through J-18) Event 36 was located away from the

preceding two, and the waveforms are dissimilar. Waveforms of Event 36

show higher frequencies in the displacement.

Event 45 (Figures J=19 through J=24) Because of location the motion of

Event 45 is not comparzble to thet of any other events in this set. The
top vertical displacement is small relative to that for the radial and

tangential components.

Event 39 (Figures J=25 through J-30) Event 39 is closest to Event 36.

There is & radial separation of 1880 m and an azimuthal separation of
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§,2° There is no simlilarity in the waveforms.

Event 43 (Figures J-31 thr'ough J=36) This event has a 490-m radial
separation from Event 36 and a3 1.3° azimuthal separation. Only rin the

tangential displacement at the top is there any appreciable similarity
in the waveforms. Differences in waveforms may be due to differences in
yield. Vertical displacerent at the top for ‘Event 42 is snall relative
to the radial and tangsntial displaceneﬁts. For Event 36 all three
camporents have comparable camporents. |

Event 37 (Figures J=37 through J-42) This event is 2.04 km farther away
from the station than E;rent 53, and separated from it azimuthally by i
1.2° The yleld of Event 37 was considerably smaller than that of Event
53. As a result of aifferences in location and yleld, there is no

similarity in waveforms from the two events.

Event 46 (Pigures J-U43 through J-48) This event is the only one in this

set which was detonated in Area 3; hence it is comparable with no other.



CHAPTER 6
COMPARISON OF RESULTS FROM YUCCA FLAT AND PAHUTE MESA

In Chapters 2, 3, and 4 and the same chapters in Reference 1, the
top/bottom ratios were fit to depth with an exponential curve _fit of

the fom
R = cepd.

In Table 6-1 the values of ¢ and p and those for the coefficients of
determination (r2) are tabulated the highest peak, the average of the 5,
10, 15, 20, and 25 highest peaks, and the PSRV's for both the Yucca Flat
and Pahute Mese Data.

For the Yucca Flat data the coefficients of detenninaﬁion for_ acceleration
increase to 0.449 for the aver-ége of the 10 highest pe_aks, then decrease.
Those for veloclty drop from 1 to 5 peaks, then increase. Those for
displacement increase from 1 to 25 pesks. The coefficlent for PSRV

ratios 1is lérger than those for velocity and displacerrent; but smaller
than that for acceleration. This would be expe.cted, since the PSRV

contains elements of all three parameters.

For the Pahute Mesa set the coefficients for all three paremeters increese
from 1 to 25 peeks. However, the coefficient for PSRV -ra.tios is larger
than all -three. The better fit to the Pahute Mese data could also be

to differences in the geologlc structure between Pahute Mesa and Yucca
Flat which cause a wider range of top/bottom ratio for the latter.
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TABLE 6-1

Comparison of Results from Yucca Flat and Pahute Mesa

Yucca Flat Data

I 8 r

Highest Single Peak (Chapter 2)

a 1.29  0.00138 9.
v 1.37  0.000991 0.
¢ 1.35  0.000692 0.

Ave 5 nignest Feaks

1.30 0.00135
1.38 0.00101
1.31 0.000760 0.

(-3
o

<
Q

[=%

Ave 10 Highest Peaks

< 1.30 0.00137
1.33 0.00108 0.
1.30 0.000823 0.

£ o
o

o

Ave 15 Highest Peaks {Chapter 3)

a 1.31 0.0013e¢ Q.
u 1.32 0.00113 0.
4 1.29 0.000869 Q.

Lig 10 Highest Peaks

2 1.31 0.00135 0
u 1.30 0.00118 0.
d 1.29 0.020909 0.

Ave 2§ Mighast Peaaks

1.31 0.00124 0.
1.30 0.00121 0.
1.28 0.000944 0.

Qa ©

PSRV (Chapter 4)
1.36 0.00117 0.

2

399
210
084

.436
.178

103

.449

202
117

441
215
124

.432

227
131

424
237
138

335

Pahute Mesa Data

.48
.06
.08

.38
.a7
.06

.32
.07
.03

.29
.07
.01

.27

1.07

.99

.27
.06
.00

.29

o

(=

8

.000867
0.00163
.001138

.C0108
-G0159
.0%123

(=)
o O o
— s
N U o
N O

.gol2z7
.00157
.00132

.00131
0.00158
.00l40

-00133
G.00160
.00143

.00125

r2

.282
.498
L322

.359
<302
<324

L4186
0.514
.404

.429
516
.430

.435
.518
.437

.569



For velocity and displacenent the coet‘ficients a.re in a.ll cases larger
in the case of the Pa.hu‘ce Mesa data, mdicating a better fit. For |
acceleration the coerficients are s:aller for 15 pealcs‘o:' less, ebout
the same for 20, and 'Slightl& :iargér for 25 15e_aks. For PSRV rat;ds the
coeffictent 1s considerably better for the Pehute Mesa data.

A larger value of the exponential constant, -ip,‘ means -‘a.' greater change in
the top/bottom ratic with depth, i.e., & greater decrease in downhole
motion yfith depth relative to that at the top. For the Yucca Flat data
set the values.of p for acceleration show no change from 1 to 25 pesks.
Those for velocity increase after & low for 5 peeks, while the values '
f‘of displacement increase continuously. - For PSRV ratio B 1s as expected
from the fact that all three parameters are involved in a PSRV.

For the Pahute Mesa data set p for acceleration and displacement mcteaées
as the number of peaks incieases, and 1s relatively unchanged for velocity.
The value for PSRV ratio is smaller than those for the three pammteré
for 25 peaks.

Values of g for acceleration are smaller in the case of events on Pahute
Mesa. For velocity, displacement, and PSRV raetio they are smaller for
Yucca Flat shots. Thus downhole acceleration decreases wiﬁh depth more
slowly for Pshute Mesa shots than for shots in Yucca Flat. Similarly_,
downhole velocity, displacement, and PSRV decrease more slowly for Yucca
Flat shots than for Pshute Mesa events.

It would be useful to seek understanding of the differences in motion
generated in Yucca Flat and on Pehute Mesa. The only station with _
measurements made at rearly comparable distances from events in the two
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locations was W=10. The two events were 31 in Yucca Flat and 41 on
Pamute Mesa, and there was a considerable difference in yield between
the two. There was also an azimuthal separation of 33°. Wren PSRVs
for the vartical camponent at the surface of W-10 are adjusted for
yield differences, it appeé.rs that the smaller yield of Event 31 pro-

duced relatively more motion in the 0.3 to 0.7 Hz region. At the bottam

of W=10 1t appeared that the event on Pahute Mesa produced more motion
in the 3.5 to 10 Hz region than the event in Yucca Flat. Without more
data, it is not possible to tell whether these differences are attribut-
able to the two location or to the yield differences. Such differences

may or may not be consistent from one event to another.

A similar comparison bétween the two areas using the standard error of
the estimate or the 90 percent confildence limits has not teen presented
because thoss error functions were not determined for the Pahute Mesa
data.



CONCLUSIONS =

 There were seven locations at which measurements were made .on the surface
and at an avallable depth as & part of the Weapons Test Selsmic Investiga-
tion project. The depths at which measurements were made ranged from

61 m to 762 m. Measurements were made at same of the seven locations

on 28 different underground nuclear weapons oests in Yucca Flat. This
data set became the basis f'or assessing the et‘fects of.‘ depth of measut'e-
ment on ground motion. The assesswent mde use of r'a.tios (top/bottan)

of single pea.k vector accelerations, velocities, a.nd displaoements, _
averages of multiple pea.ks of.‘ the same parane'cers, and top/bottom ratios
of PSRVs. Also, wavefonns of the individual vertical, radial and
tangentia.l components of‘ the same thxee par'aneters were compa.red at; top
and bottom.

The results confimed what ws vobserved with the' Palmbe Mesa data,. N
namely, that change in motion with depth is str'ongly dependent on the
‘geology at the location where surf'a.oe and downhole neasuzenents are

made. The difference between top and bottom was small f‘or 'che granlbe of
the Climax stock (Station W—3), and large for Rainier Mesa (St:ation 9)
where the added effect of topography increased the diffetenoe.

A ;elative trend with depth was determined for each of the ‘ratios noted
above. The trends for Yucca Flat and Pahute Mesa data were compared in
Chd.pter 6? . Better fits to the data were obtained from the Pahute Mesa
than from the Yucca Flat data. The better fit for Pahute Mesa data
could be attributed to & smaller mumber of events in the data set and to
the smaller range of ylelds the events represented. There were changes
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in quality of fit as the number of peaks was increased. For PSRV ratlos
the tettar fit was for the Pahute Mesa data.

The equations show that downhole acceleration decreased with depth more

slowly for Pahute Mesa shots than for shots in Yucca Flat. Also, downhole

velocity, displacement, and PSRV decrease more slowly for Yucca Flat

shots than for Pahute Mesa events.

Only one event on Pahute Mesé. and one in Yucca Flat were at about the
same distance from one -station (Station 10). There was considerable
azimuthal sepat'ation between shots in the two locations as well as
differences in yiéld. Differences in PSRVs Ec;r the vertical component
weré noted from a comparison, but with data from only two events it is
not possible to tell whether the observed differences are attributable -

to yield or location.

A number of observations can be made concerning the ground motion
waveforms. First motion of the vertical component is upward and first
motion of the radial cdﬁponent is outward from the source. First motion
of the tangential ccmponent 1s unpredictable and can be either clockwise
or counterclockwise about the source. There was evidence in the Yucca
Flat data that whére shots were fired sufficliantly close together the
first tangentlal motiocn would be in the same direction. Relatively
small differences in radial distance from the source and in azimuth to
the source can change the direction of first tangential motion. First
motion at the bottom is usually a few milliseconds earlier than at the
top. And first motion of the radial and tangential motion is gererally
a few milliseconds btehind that of the vertical component. Except for
Station W-11 in the case of the Yucca Flat data only, the maximm
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acceleration is usually round in the body wave and the maximn

" displacenent in the Surface wave. Usua.‘l.ly, the maximm emplitude of
the vertical displacemnt of the surface wave is reduced with depth

much less than radial and tangential displacements. However, there

were exceptions.

At Station W-10 there were five of ten events wh,e'ze the surface tangential
‘displacemenf was notably larger then that for the radial aod vertical
component.  All five were in Area 2 a.rid» Vrelativel,y olosé together, and
the other five were in Areas 4 and 7. The five in Aree 2 differed in
their location with respect to both the water table gnd the alluvium/tuff
interface. Thus there is no indication that the medium in the imediate
vicinity of the detonation causes differencés :Ln fenérg_y coﬁpling which
contributes to the strong ta.ngential displacemenfs. It:.is speculated
that thene are characteristics in geology in the region of surface wave
formation which contribute ‘the large tangential displacements from events
in Area 2 which do not exlst in the corz'esponding region with :'espeot to

Areas ll and T.

Station W-11 in Yucca Flat was so close to events detonated there that a
fully developed surface wave' was usually not seen.

By comparison with other stations, Station W-3 in the Climax granite
stock showed relatively small differences between top and bottom motion,
because the granite pluton moved monolithically."

Station W=9 had motion which indicated strong éf‘f‘ect:s of topography on
top displacement reletive to that at the bottom. Comparison of top and
bottom horizontal displacement as a function of azimuth gbout the station
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showed that, for the two cases examired, the maximm motion was nearly
tangential, and the minimum displacement was close to the long axis of
Rainier Mesa. '

Three categories of surface displacement were observed on Ralnier Mesa:
(1) Amplitudes of' vertical, r'adia.l, and tangeantial components are
ccmparable; (2) amplitudes of the vertical component are small relative
to those of the radial and tangential; and (3) amplitudes of the vertical
and radial ccx@onents are small relative to those of the tangential
componrent. 'I’here was no patterm in the horizontal locations of the
events in the three categories which would explain the observed motion.
Also, the environment surrounding the burst does not appear to contribute

to the observed motion in any consistent way.

Stations 15 and 16 on Dome Mountain and in Fortymile Canyon, respectively,
were treated as a surface/downhole pair. Analysis for one event camparing
ratlos of displacement as a function of azimuth about the stations showad
that the- maximum displacement of Dome Mountain was aligred 20° from a
perrendicular to the edge of Fortymile Canyon. This demonstrates a
topographic effect of the free surface of the canyon wall. This led-'to
categorizing the motion as was done for Station W=-9. Of the five events
for which there were data at both Stations 9 and 15, only two were in

the same categories at both stations, tending to confim that the meche-
anism affecting the relative émplih.xdes of the three campornents 1s not

related to the source envirorment.

A Note Concerning Yucca Mountain

Of the surface/downhole pairs in the ground motion net, the one at
Rainier Mesa (Station W-9) 1s in a geology most nearly comparable to the



geology of Yucca Mountain. Rainler Mesa exhibited topographic effects,
and similar effects would be expécted at Yucca Mountain. There the
effects would be gitdter for surface stations“on’or near the top of the
mountain tha.n for surface stations in valleys or near the base of the
mountain. |

Azimuthal differences would be expected, also. Station W~9 has an
azimuthal window from 99° to 128° for shots in Yucca Flat and from 282°
to 317° for Pahute Mesa events. By contrast, Yucca Mountain has a window
from 59° to 77° for Yucca Flat events and from 357° to 23° for shots on
Pahute Mesa. We have only recently begun to collect data downhole at
Yucca Mountain, and it will be some time before comparisons can be made

'~ with Rainier Mesa motion.
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APPENDIX A

TABLES OF RATIOS (TOP/BOTTOM) FOR
~PEAK VECTOR MOTION -- MULTIPLE

PEAK DATA

77



gL

YABLE A-1
Ratios (Top/Bottom) for Peak Vector
Acceleration - 5 Highest Peaks
STATION NUMBER

Event Plot “JOP | 10 11 kI ) ] 15716 13
Number Symbol (6lm) (130.5m) (342.6m) (345.6m) {(416.7m) (431.6m) (570m) (580w} (762m)
8 N b 1.81 b b 1.67 b b b b
11 & (1] 1.80 b b 2.38 a a b b
40 o 1.3 b 1.43 2.63 ‘1.69 . 2,117 b a 4.75
24 ® a b a 2.76 1.54 a b b b
3 v b 1.56 b b b b b b b
1 ) b 1.88 b b b b b b b
13 4 b 1.77 b b 1.65 a b M b
16 d 1.32 1.70 b a 1.76 2.39 3.72 b b
53 b 1.21 b 1.01 a 1.77 3.14 b a 4.74
30 'Y 1.39 b 1.48 3.24 1.85 2.54 b 0.94 [ ]
36 o 1.25 b V.72 3.33 a 2.08 b .21 3.82
5 @ b 2.12 b b b b b b b
21 m a b a a 1.40 a ‘a b b
2 v b 1.74 b b b b b b b
31 u 1.22 b 1.07 2.78 2.32 2.47 b V.56 b
45 (¢ a b a 2.60 1.32 3.47 b 1.34 5.31
26 v 1.10 b a a 1.63 2.4 b b b
23 ¢ a b a a 1.67 a b b b
56 q a b a a 2.36 a b a a
39 n 1.16 b 1.7% 3.38 a 3.75 b 2.08 4.75
43 r 1.22 b 3.v7 3.14 1.13 a b 2.24 3.64
37 P 1.25 b 1.54 3.02 1.65 ©.3.17 b a 4.13
50 o d b d 2.70 a a b d d
38 - d b d 3.37 a 3.51 b d d
9 k d a d d 1.84 b 2.87 d d
42 x d b d 1.95 - 1.87 3.85 b d d
49 f d b d 2.76 1.70 2.62 b d d
46 t d b d 3.33 2.51 4.3} b d 5.32
Ho. of Events 10 8 8 14 20 14 2 6 8
Average 1.24 1.80 1.64 2.93 1.27 3.02 3.30 1.56 4.53
0.001284d
a4 - data inadequate R=1.32e opotl.34
b - station not installed at time of event 2
d - station not operated for this event ~“=0.409 CLR90=*1‘79 to 1.82
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TABLE A-2

Ratios (Top/Bottom) for Peakﬁ?e;tor
Velocity - 5 Highest Peaks

STATION NUMBER

10

Event Plot - " TOP | . 1 3 ] B 15716 13
" Number . Symbol: (61m) (130.5m) (342.6m) (345.6m) (416.7m) (431.6m) (570m) (580m) (762m)
8 c b 1.43 b b 1.42 b b b b
11 A b 1.67 b b 1.59 a a b b
40 o 1.08 b 2.04 2.78 1.20 .n b a 1.
24 e a b a 3.09 1.3% a b b 7 b
3 v b 1.33 b b b b b b b
1 ) b 1.84 b b b b b . b b
13 A b 1.52 b b 1.21 - a b b b
16 d ~1.03 1.56 b a 1.19 3.74 2.90 b b
53 b 1.08 b 1.53 a 1.30 4.43 b a 2.27
30 a 1.05 b 2.69 2.38 1.12 3.23 b 1.7 b
36 s 1.08 b 1.69 3.96 a 3.43 b -~ 2.10 2.15
5 n b 1.65 b b b b b b b
21 m a b a a 1.14 a a b b
2 9 b 1.38 b b b b b b b
31 u 1.1 b 1.71 4.14 1.16 4.09 b 2.10 - b
- 45 g a b o a 3.47 1.1 - 4.12 b 1.70 2.54
26 v 1.03 b a a 1.14 3.1 b b b
23 g 2 b a ' a 1.14 a b b b
- 58 q " a b . - a 1.36 a. b a . a
39 n 1.04 b 1.66 3.43 a 4.98 b 2.24 . 2.60
43 . r 1.13 b - 2.48 "3.82 1.00 a b 3.00 2.46
37 P 1.06 b 1.73 3.00 1.41 4.33 b T a 2.}4
50 o d b d 2.84 . a ca b d L
38 - d W d 3,23 - a 4.32 b d d
9 k d a d d 1.50 b 2.47 d d
42 . d b d 1.88 . 1.20 . a b - d d
49 t T d b d 2.77 1.9% 3.84 b d d
.46 t d b d " 2.93 V.61 5§53 b - d 2.80
Ro. of .Events 10 8 8 14 20 1 2 6 8
Average . . - 1,07 1.55 1.93 3.12 1.30 4,03 2.69 2.14 2.37
a - data inadequate R=1.36e0-00103d , .., <o
b - station not installed at time of event R
- on not opera i t
d stati perated for this even r2=0.186 CLR90=t2.28 to 2.33
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TABLE A-3
Ratios (Top/Bottom) for Peak Vectlor
Displacement - 5 Highest Peaks
STATION NUMBER

Event .Plot ~TO0P 3 10 1 k I Y 8 15716 13
Number Syabo) (61m) (130.5m) (342.6m) (345.6m) (416.7m) (431.6m) (570m) (580m) (762m)
8 c b 1.37 b b 1.03 b b b b
11 a b 1.22 b b 1.26 a a b b
40 o 1.04 b 1.9% 2.74 1.04 2.89 b a 1.55
24 ° a b a 2.81 1.04 a b b b
3 v b 1.12 b b b b b b b
1 J b 1.27 b b b b b b b
13 4 b 1.12 b b 1.05 a b b b
16 d 0.99 1.30 b a 1.08 3.40 1.99 b b
53 b 1.0} b 1.40 a 1.13 3.69 b a 1.66
30 & 1.03 b 2.24 2.10 1.00 2.76 b 1.54 b
36 @ 1.05 b 1.55 2.73 a 2.85 b 1.92 2.0%
5 . b 1.53 b b b b b b b
21 m a b a a 1.03 a a b b
2 v b 1.24 b b b b b b b
31 u 1.06 b 1.53 3.24 1.04 3.37 b 2.12 b
45 g a b a 2.40 0.93 3.03 b 1.58 1.72
26 v 1.03 b a a 1.05 2.92 b b b
23 g a b a a 0.99 a b b b
55 q a b a a 1.30 a b a a
39 n 1.04 b 1.46 '3.28 a 3.17 b 2.01 2.00
43 r 1.07 b 1.76 3.48 0.97 a b 3.22 2.02
37 P 1.07 b 1.68 3.42 1.08 4.10 b a 1.43
50 o d b d 2.79 a a b d d
i8 It d b d 3.02 a ' 3.67 b d d
9 k d a d d 1.19 b 1.52 d d
42 x d b d 2.18 1.13 a b d d
49 f d b d 3.44 -1.35 3.71 b d d
46 t d b d 2.46 1.48 4.51 b d 1.78
No. of .Events 10 8 8 14 20 13 2 6 8
Average 1.04 - 1.27 1.69 2.87 1.1 3.47 1.75 2.07 1.77
a - data inadequate R=1.29¢0:000786d _ _.. .,
b - station not installed at time of eveant R

d - station not operated for this event 2

r°=0.110 CLR90=12.35 to 2.40
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TABLE A-4
Ratios (Top/Bottom) for Peak Vector
Acceleration - 10 Highest Peaks

| . ) STATION NUMBER
" Event Plot . Y0P — 4 11 3

15716 13

J

"Humher  Symbo) {61m) (130.5m) (342.6m) (345.6m) (416.7m) (431.6m) (570m) (580m) (762m)
.8 c b 1.93 b b 1.68 b b b b
11 a b 1.76 b b 2.43 a a’ b b
40 o 1.32 b - 1.46 2.76 1.72 2.33 b a 4,82
24 ® a b a 2.83 1.56 a b b b it
3 v b 1.60 b b b b b b b
. i b 1.89 b’ b b b b b bs
13 A b 1.74 b b 1.73 a b b b
16 d 1.3 1.65 b a 1.76 2.41 3.79 b b
53 b 1.22 b 1.00 a 1.91 3.22 b a 4.73
30 a 1.37 b 1.50 3.14 1.96 2.6} b 1.07 b -
36 8 1.26 b 1.73 3.35 a 2.14 b 1.35 3. 67
5 - b 2.07 b b b b b b b
21 m a b a a 1.61 a a b b
2 v 1.73 b b b b b b b
31 u 1.23 b 1.04 2.76 2.16 2.99 b 1.68 b
45 i :] a b a 2.55 1.4 3.61 b 1.50 5.35
26 v 1.1 b a a 1.67 2.42 b b b
23 ¢ a b a a 1.66 a b b b
55 q a b a a 2. 29 2 b a a -
39 n 1.17 b 1.73 3. : 3.81 b 2.00 4.58"
43 r 1.23 b 2.95 3.03 1. 19 a b 2.10 3.73 -
37 P 1.26 ) 1.53 3.01 1.66 3.23 b a 4.09
50 o d b d 2.54 ‘a a b d d .
a8 - d b d 3.27 3.58 b d d
9 k d a d d 1. 90 b .M d d
42 x d b d 2.08 P 4.00 b d d
49 f d b d 2.75 1. 87 . 2.68 b d d
46 t d b d 3.26 2.40 4.13 b . 4 5.12
Ho. of .Events, 10 - 8 8 14 ‘ 20 0 W 2 6 8
Average e 1.25 1.80 1.62 2.93 1. 80 3.07 3.28 1.62 4.51
a - data inadequate - R=1. 30e0 001374 op=+1.33
b - station not installed at time of event 2
d - station not operated for this event r©=0.4513 CLR90=tl.7Z to 1.80
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TABLE A-5
Ratios (Top/Bottom) for Peak Vector
Velocity - 10 Highest Peaks
STATION HUMBER

Event Plot 10P 4 — 10 11 3 9 [} 15716 13
Number Symbol (6lw) (130.5m) (342.6m) (345.6m) (416.7m) (431.6m} (570m) (580m) (762m)
8 c b 1.50 b b 1.27 b b b b
11 a b 1.62 b b 1.49 a a b b
40 o 1.07 b 2.08 2.58 1.18 2.90 b a 2.23
24 ® a b a 2.84 1.26 a b b b
3 v b 1.31 b b b b b b b
1 J b 1.74 b b b b b b b
13 A b . 1.52 b b 1.23 a b b b
16 d 1.03 1.53 b a 1.20 3.46 3.14 b b
53 b 1.05 b 1.53 a 1.30 4.55 b a 2.55%
30 a 1.06 b 2.52 2.34 V.17 3.12 b 1.67 b
36 @ 1.09 b 1.7 3.47 a 3.47 b 2.18 2.36
5 - b 1.56 b b b b b b b
21 m a b a a 1.18 a F b b
2 v b 1.40 b b b b b b b
K} | u 1.09 b 1.69 3.78 1.25 3.95 b 2.13 b
45 9 a b a 3.57 1.09 4.06 b 1.65 2:62
26 v 1.04 b a a 1.20 3.24 b b b
23 * a b a a 1.15 a b b b
55 9 a b a a 1.33 a b a a
39 n 1.05 b 1.67 3.93 a 5.20 b 2.16 2.55
43 r 1.12 b 2.32 3.67 1.02 a b 2.63 2.69
37 P 1.08 b V.17 3.10 1.36 4.5 b a 2.45
50 o d b d 2.82 a a b d d
38 - d b d 3.25 a 4.53 b d d
9 k d a d d 1.49 b 2.49 d d
92 x d b d 1.90 0 1.23 a b d d
49 14 d b d 2.86 1.87 3.96 b d d
46 t d b d 2.9 1.60 5.21 b d 2.84
No. of Events 10 8 8 14 20 13. 2 6 8
Average 1.07 1.52 1.9 3.07 1.29 4.01 2.82 2.07 2.53
a - data inadequate R=1.32¢0%-00110d a=t1.50
b - station not installed at time of event
d - station not operated for this event r%:0.208 Clogp=t2-27 to 2.3
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TABLE A-6
‘Ratios (Top/Bottom) for Peak Vector

Displacement - 10 Highest Peéks

, . 1 STATION NUMBER | ' '
_Event . Plot 0P 4 10 TT 3 ] ) 5716 13

Number Symbol {(61m) (130.5m) (342.6m) (345.6m) .(316.7m) (A31.6m) (570m) (580m) (762m)
.8 c b 1.34 b b 1.06 b b ‘b b
-11 a b 1.23 b b 1.2} o a a b b
40 o 1.04 b 2.01 3.26 1.06 3.01 b a 1.64
24 e ‘a b a 2.57 1.06 a b b b
3 v b 1.1 b b b b b b o
1 ) b 1.31 b b b b b b T
13 A b 1.15 b b 1.04 a b b b
16 d 0.99 1.24 b a 1.07 2.96 2.26 b b
53 b 1.00 b 1.39 a 1.14 3.93 b ‘a 1.79
30 a 1.04 b 2.21 2.58 1.0% 3.00 b 1.60 b
36 .8 1.08 b 1.52 2.86 . 3.08 b 2.00 .2.04
5 o b 1.47 b b b b b b b
‘21 m a b a - a 1.0 . a a b ‘b
2 v b 1.26 b b b b b ‘b b
31 “ 1.04 b 1.53 3.04 1.09 3.75 b 2.13 b
45 [t} a b a 2.32 0.90 3.10 b 1.54 1.78
26 v 1.04 b a a 1.07 2.86 b b b
23 o a b a a 1.00 . a b b )
55 a9 a b ‘a ‘a 1.27 a b - a a
39 n 1.04 b 1.4) 3.77 a 3.55 b 2.03 - 2.07
43 r 1.07 b 1.1 3.04 0.96 a b 2.77  2.12
37 P 1.08 ' p 1.66 3.76 1.04 4.23 b a 1.58
50 o d b d 2.77 a a b d d
8 - d b d 3.02 a 3.72 b d " d
9 k d a d 4 1.24 b 1.60 -d d
42 x d b d 2.19 1n a b d d
49 t d b d 3.32 1.39 5.02 b d d .
46 _ t d b d 2.48 1.48 . 4.08 b d 1.92
Mo. of .Events . 10 - 8 8 14 20 . 13 2 6 8
Average ‘ 1.05 1.26 1.68 2.03 1.1 3.56 1.93 2.0) 1.87
a - data inadequate - R=l 28e0.000850d oo,=t]1:53
b - station not installed at time of event : R
d4 - station not operated for this event r2:0.123 CLpgo=t2.37 to 2.42
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TABLE A-7
Ratios (Top/Boltom) for Peak Vector
Acceleration - 20 Highest Peaks

STATION NUMBER

Event Plot ~I0P 3 — 10 11 3 ) 1} 15716 T3

Nuamber Symbol (61lm) (130.5m) (342.6m) (345.6m) (416.7wm) (431.6m) (570m) (5680m) (762m)
8 c b 2.00 b b 1.72 b b b b
11 a b 1.74 b b 2.39 a a b b
40 o 1.33 b 1.5) 2.85 1.65 2.46 b a 4.88
24 ® a b a 2.92 1.57 a b b b
3 v b 1.59 b b b b b b b
1 } b 1.89 b b b b b b b
13 4 b 1.74 b b 1.7 a b b b
16 d 1.28 1.58 b a 1.74 2.58 3.75 b b
53 b 1.24 b 1.02 a 1.97 3.34 b a 4.66
30 . 1.38 b 1.50 2.9) 1.98 2.74 b 1.21 b
36 s 1.23 b 1.68 3.40 a 2.18 b 1.40 3.62
5 @ b 2.05 b b b ! b b b b
21 m a b a a 1.67 a a b b
2 v b 1.73 b b b b b b b
31 u 1.25 b 1.03 2.76 2.00 2.95 b 1.76 b
35 o a b a 2.45 1.49 3.68 b 1.57 5.31
26 v 1.17 b a a 1.65 2.37 b b b
23 o a b a a 1.42 a b b b
55 9 a b a a 2.19 a b a a
39 n 1.15 b 1.7 3.78 a 3.95 b 1.81 4.34
43 r 1.21 b 2.72 3.38 1.20 a b 1.99 3.89
37 P 1.28 b 1.53 3.11 1.69 3.18 b a 4.05
50 o d b d 2.59 a a b d d
38 - d b d 3.19. a 3.49 b d d
9 k d a d d 1.90 b 2.46 d d
42 x d b d 2.50 - 1.47 3.96 b d d
49 f d b d 2.63 1.98 2.82 b d d
46 t d b d 3.22 2.29 3.01 b d 5.01

No. of .Events 10 8 8 14 20 14 2 6 8

Average 1.25 1.79 1.59 2.98 1.78 3.12 3.11 1.62 3.47

a - data inadequate R=l.30e0‘00136d T tl.34

b - station not installed at time of event

d - station not operated for this event r2=0.437 CLR90=*1.80 to 1.82
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L TABLE A-8
Ratios (Top/Bottom) for Peak Vector
Velocity ~ 20 Highest Peaks

_ . L STATION NUMBE R
" Event Plot . TIOP | ) (1] 11 3 g 15716 13

Number ~ Symbol _ (61m) (130.5m) (342.6m) (345.6m) (416.7m) (431.6m) 1570m17 (580m) (762m)
8 c b 1.58 b b "1.20 b b '
1 a b 1.59 b b 1,48 A oy : b
40 o© 1.07 b 2.16 2.61 1.22 2,95 b a 2.83
24 e a b ‘a 2.81 1.25 a b b b
3 v b 1.26 S b b b b b Y
1 i b 1.65 b b b b b b b
n a C b 1.44 b b 1.20 a b b b
16 d 1,02 1.46 b a 1.26 3.32 3.29 b b
53 b 1.05 b 1.56 a 1.36 4.78 b ‘a 2.86
30 a 1.07 b 2.40 2.65 1.19 3.07 b 1.70 b
36 s ‘1.08 b 1.73 3.32 a 3.65 b 2.19 2.70
5 » b 1.55 b b b b ‘b b b
21 m a b ©a a 1.19 a a b b
2 v b 1.42 b b b b b b b
31 u 1.09 b 1.64 3.57 1.33 4.18 b 2.17 b
45 (] a b Ca 3.37 1.08 4.11 b 1.69 2.59
26 v 1.05 b a a 1.19 3.20 b b b
23 . "ac b a a 1.16 a b b b
55 q a’ b a a 1.33 - a - b a a-:
39 n 1.06 b 1.78 4.59 Ca 5.24 b 2.05 2.62
13 r 1.12 b 2,28 3.65 1.04 a b 2.40 2.97
37 P 1.09 b 1.8  3.44 1.32 4.55 b a 2.67
50 o d b d 2.98 a a b d d
38 - d b d 3.36 a 4.3 b d d
9 k 4 a d d 1:45 b 2.62 d d
42 x d b d 2.35 . 1.28 a b d d
49 f d b d 3.0 1.79 3.98 b d d
a6 t d b d 3.17 1.60" 4,94 ‘b d  2.99
No. of .Events 10 8 8 14 20 : 13 2 6 8
Average . 1.07 1.49 1.92 3.20 1 30‘ : 4,03 2.95 2.03 2.78
. 0. 001zoa
a - data inadequate N R l 29 ¢R=tl.51
b - station not installed at time of event
d - station not operated for this event - rfe0.232 Clpgg=t2.29 to 2.32
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TABLE A-9
Ratios (Tap/Bottom) for Peak Vector
Displacement - 20 Highest Peaks
STATION NUMBER

Event Plot —I0P 3 —T0 IT K} ) ] 157716 13
Number Symbol (61m) (130.5m) (342.6m) (345.6m) (416.7@m) (431.6m) (570m) (580m) (762m)
8 c b 1.32 b b 1.09 b b b b
11 a b 1.24 b b 1.17 a a b b
40 o 1.06 b 2.09 3.62 1.09 3.27 b a 1.64
24 ° a b a 2.54 1.09 a b b b
3 v b 1.10 b b b b b b b
1 ) b 1.33 b b b b b b b
13 s b 1.17 b b 1.04 a b b b
16 d 0.99 1.22 b a 1.07 3.03 2.40 b b
53 b 1.01 b 1.41 a 1.17 4.17 b a 1.93
30 - 1.02 b 2.13 2.91 0.97 3.35 b 1.81 b
36 e 1.06 b 1.51 2.86 a 3.56 b 2.04 2.23
5 a@ b 1.44 b b b b b b b
21 m a b a a 1.12 a a b b
2 v b 1.26 b b b b b b b
31 u 1.05 b 1.50 3.05 1.1 4.15 b 2.56 b
45 o 3 b a 2.63 0.95 3.58 b 1.64 T.81
26 v 1.04 b a a 1.05 3.00 b b b
23 ¢ a b a a 0.99 a b b b
55 9 a b a a 1.24 ] b a a
39 n 1.02 b 1.44 4.04 a 3.83 b 2,15 2.14
43 v 1.07 b 1.73 3.02 0.98 a b 2.53 2.31
37 P 1.1 b 1.66 3.73 1.04 4.29 b a 1.84
50 o d b d 2.82 a a b d d
38 - d b d 3.04 a 3.73 b d d
9 k d a d d 1.29 b 1.70 d d
42 x d b d 2.39 1.13 a b d d
49 f d b d 3.10 1.37 5.06 b d d
46 t d b d 2.70 1.46 3.98 b d 2.04
No. of Events 10 8 8 14 20 13 2 6 8
Average 1.04 1.26 1.68 3.03 1.12 3.77 2.05 2.06 1.99
a - data inadequate R=l.27e0'000936d T,.2t]1.56
b - station not installed at time of event R
d - station not operated for this event 2

r€=0.138 Clpgy=t2.44 to 2.55
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L TABLE A-10
Ratios (Top/Bottom) for Peak Vector
Acceleration - 25 Highest Peaks
STATION NUMBER

~Event Plot 10P 4 .10 Tl 3 9 8 15716 13"
Rumber Symbo)l (61m) (130.5m) (342.6m) (345.6m) (416.7m) (431.6m) (570m) {580m) (762m)
8 ‘e b 2.03" b b .72 b b Y “b
11 ta b 1.75 b b - 2.39 . a & b b
- 40 o 1.33 b 1.53 2.88 1.63 2.51 b a 4.83
24 ‘e a ch ‘a 2.82 1.56  .a b b by
3 v b V.59 b b b b b b n
1 ) b 1.89 b b b b b b T b
13 A b 1.73 b b 1.73 . a - < b b b
16 d 1.27 1.59 b a 1.73 2.63 3.64 b b
53 b 1.24 b 1.02 a 1.96 3.0 b a 4.64
30 a 1.38 b 1.50 2.89 1.96 2.79 b 1.26 b
- 36 .8 1.23 b 1.66 3.44 a 2.24 b -1.38  "3.63
5 " b 2.03 b b b b o b
21 m a b a . a 1.68 a ‘a b b
i v b 1.73 ) b b : b b b b
1 u 1.24 b 1.02 2.77 1.97 2.92 b 1.76 b
4% 0 a b a 2.47 1.52 3.65 b 1.57 5.26
26 v 1.18 b A a 1.66 2.36 b b b
23 * a b . a a 1.39 a. b b b
5§ q a b ‘a a 2.15 a b a a
39 n 1.15 b 1.70 3.79 a 3.96 b 1.76 4.26
43 r 1.21 b - 2.65 3.42 1.22 a b 1.98 3.99
37 P 1.27 b 1.53 3.19 1.70 3.20 b a 4.03
50 o d . b d 2.67 a a b d d
38 - d b d 3.7 " a © 3.45 b d d
9 k . d a e 4 . 1.89 b 2.37 d d
42 x d b d 2.64 1.47 3.96 b d d
49 f d b d 2.59 2.06 2.9 b d d
46 t d b ' d .3.17 2,28 - 3.99" b d 5.02
No. of .Events 10 8 8 - 14 20 14 2 6 8
Average . 1,28 1.79 1.58 2.99 1.78 304 3.0V 1.62 4.46
a - data inadequate - 0.00135d -
b - station'nog installed at time of event o R=1.3le R t1.34
d - station not operated for this event . r2:0.429 CLpg™t1.81 to 1.83
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TABLE A-11

Ratios (Top/Bottom) for Peak Vector
Velocity - 25 Highest Peaks

STATION NUMBER

Event Plot 1[1]4 -4 10 11 3 -9 8 15716 13
Humber Symbol (61lm) (130.5m) (342.6w) (345.6m) (416.7m) (431.6w) (570m) (580m) (762m)
8 c b 1.64 b b 1.19 b b b b
11 a b 1.59 b - b 1.49 a 2 b b
40 o 1.09 b 2.18 2.57 1.25 2.97 b a 3.01
24 -] a b a 2.81 1.27 a b b b
3 v b 1.26 b b b b b b b
1 } b 1.65 b b b b b b b
13 - b 1.43 b b 1.17 a b b b
16 d 1.02 1.44 b a. 1.25 3.30 3.29 b b
53 b 1.05 b 1.56 a 1.41 3.69 b a 2.99
30 a 1.07 b 2.35 2. 1.20 3.09 b 1.76 b
36 o 1.08 b 1.77 3.27 a 3.75 b 2.21 2.8}
5 - b 1.55 b b b b b b b
21 m a b a a 1.20 a a b b
2 v b 1.42 b b b b b b b
31 u 1.09 b 1.63 3.67 1.38 4.27 b 2.19 b
45 0 a b 3 3.30 1.10 4.18 b 1.72 2.70
26 v 1.05 b a a 1.18 3.18 b b b
23 ¢ a b a a 1.19 a b b b
55 q a b a a 1.33 a b a a
39 n 1.06 b 1.80 4.8} a 5.14 b 2.05 2.69
43 r 1.12 b 2.27 3.74 1.09 a b 2.34 3.09
.37 P 1.09 b 1.89 3.47 1.31 4.48 b a 2.75
50 2] d b d 3.09 a a b d d
38 e d b d 3.43 a 4.36 b d d
9 k d a d d 1.45 b 2.58 d d
42 x d b d 2.49 1.3} a b d d
49 f d b d 3.02 1.77 4.03 b d d
46 t d b d 3.23 1.59 4.91 b d 3.05
Ho. of .Events 10 8 8 13 20 13 2 6 8
Average 1.07 1.50 1.93 3.26 1.31 4.03 2.93 2.04 2.89
a - data inadequate R=1.29e0'00123d aR=*l.51
b - station not ipstalled at time of event .
d - station not operated for this event ’ r2=0.242 CLRgostz,zg to 2.33
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TABLE A-12
Ratios (Top/Bottom) for Peak Vector

Displacement - 25 Highest Peaks
STATION NUMBER

Event Plot T0P | 10 T 3 — 9 | 15716 13
Number Symbol (61m) (130.5m) (342.6m) (345.6m) (416.7m) (431.6m) (570m) (580m) (762m)
8 c b 1.38 b b 1.10 b b b b
11 A b 1.24 b b 1.16 a a b b
40 o 1.06 b 2.13 3.63 1.10 3.32 b a -1.64.
24 ° a b a 2.53 1.09 a b b £
3 v b 1. b b b b b b b
1 } b 1.33 b b b b b b b
13 A b 1.18 b b 1.04 a b b b
16 d 0.99 1.23 b a 1.07 3.12 2.38 b b
53 b 1.01 b 1.4 a 1.16 4.2 b a 2.02
30 a 1.02 b 2.08 2.96 0.97 3.47 b 1.84 b
36 ‘s 1.06 b 1.51 2.9 a 3.69 b 2.02 2.30
5 o b 1.43 b b b b b b b
21 m a b a a 1.18 F a b b
2 v b 1.27 b b b _ b b b b
31 u 1.05 b 1.50 3.05 1.12 4.33 b 2.12 b
45 a a b a 2.12 0.97 3.70 b 1.70 1.94
26 v 1.05 b a a 1.05 3.00 b b b
23 A a b a a 0.98 a b b b
55 9 a b a a 1.24 3 b a Ca
39 n 1.02 b 1.46 4.12 a 3.92 b 2.1 2.19
43 r 1.07 b 1.73 3.06 0.99] a b 2.54  2.38
37 P 1.11 b 1.70 3.7 1.04 4.35 b a 1.9)
50 o d b d 2.90 a a b d d
38 - d b d 3.1 a 3.77 b d d
9 k d 2 d d 1.29 b 1.69 d d
42 x d b d 2.43 1.14 a b d d
19 f d b d 3.08 1.37 5.04 b d d
46 t d b d 2.90 1.46 3.98 b d 2.10
No. of .Events 10 . 8 8 14 20 13 2 6 8
Average 1.04 1.27 1.69 3.08 1.13 3.84 2.03 2.07 2.06
a - data inadequate - _ 0.0009704 -
b - station not installed at time of event R=1.26e l'R +1.56
d4 - station not operated for this event r2-0.144 CLRQO'*2'46 to 2.51
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