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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 location and depth, and the three components were 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 i 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 produced 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 location within Yucca Flat.
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ABSTRACT

(cont'd)

Similar measurements were made on Pahute Mesa and reported earlier. 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 analysis

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.
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CHAPTER 2

EFFECTS OF DEPTH ON GROUND MOTION

SINGLE PEAKS

The reader is referred to applicable discussion in Chapter 2, Reference

1, which is not repeated here. The ratios (top/bottom) for peak vector

acceleration, velocity, and'displacement for shots 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 depth, and the event

numbers are listed 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 below the surface to the downhole measurement.

Separate symbols have been used to identify ratios from the numbered

events. The flags note the average of ratios from all Yucca Flat for

which measurements were made at each surface and downhole pair. 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 (Figure 2-1) that the acceleration ratio for the shallowest station

3



TABLE 2-1
Ratios (Top/Bottom) for Peak Vector
Acceleration - Single ighest Peak

STATION NUMBER
Event
Number

Plot IOP
Symbol (61w)

4- - -- 10 11 3 9 -8- 15/16 13
(130.5m) (342.6m) (345.6m) (416.7m) (431.6.) (570w) (580.) (762m)

8
11
40
24
3
1
1 3
16
53
30
36
5
21
2
31
45
26
23
55
39
43
37
50
38

9
42
49
46

No. of.Events
Average

C b
A b
0 1.23

a
V b
I b
* b
d 1.33
b 1.21
a 1.36
a 1.14
a bm a
v b
u 1.35
O a
V 1.00

a
q a
n 1.20
r 1.20
P 1.21
o d

d
k d
x d
t d
t d

1.65
2.08
b
b

1.51
2.02
1.84
2.01
b
b
b

2.10
b

1.91
b
b
b
b
b
b
b
b
b
b
a
b
b
b

b
b

1.52
a
b
b
b
b

1.02
1.31
1.56
b
a
b

1.20
a
a
a
a

1 .84
3.24
1.50
d
d
d
d
d
d

8
1.65

b
6

2.19
2.71
b
b
b
d
a

2. 78
2.89
b
d
b

3.)14
2. 83
a
a
a

3.06
3.3 3
2.7 3
3.09
3. 34
d

1. 90
2.78
3.25

14
2.86

1.71
2.32
.1.58
. 10

b
b

1.59
1.59
1.57
1.98
a
b

1.11
b

2.69
1.30
1.67
1 .90
2.01
a

1.02
1.42
a
a

1.79
1.59
1.38
2.48

20
1.69

b
a

2.44
a
b
b
a

2.26
3.24
2.50
1.70
b
a
b

2.51
3.71
2.23
a
a

4.06
a

2.95
a

3.36
b

3.77
3.23
4.57

14
3.04

b
a
b
b
b
b
b

4.86
bL
b
b
b
a
b
b
b
b
b
b
b
b
b
b
b

2.87
b
b
b

b
b
a
b
b
b
b
b
a

0.91
0.91

b
b
b

1.45
0.96

b
b
a

2.25
2.38
a
d
d
d
d
d
d

b
b

4.83
b
b
b
b
b

4.82
b

3.38
b
b
b
b

5.02
b
b
a

5.07
3.61
4.20
d
d
d
d
d

5.82
10 8
1.22 1.89

2 6 8
3.87 1.48 4.59

a - data inadequate
b - station not installed at
d - station not operated for

R=1.29e 0.01l35d rR=1I.36
time of event
this event r2=0.402 CLRgO *l.87 to 1.89



TABLE 2-2

Ratios (Top/Bottom) for Peak Vector

Velocity - Single Highest Peak

STATION NUMBER
Event Plot loP 4 10 11 3 9 8 I516 13
Number Symbol (61m) (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 1.77 a a b b
40 0 1.09 b 1.75 2.96 1.16 3.47 b a 1.77
24 a b a 3.61 1.56 a b b b
3 b 1.47 b b b b b b b
1 J b 2.07 b b b b b b b

13 * b 1.36 b b 1.29 a b b b
16 d 1.02 1.53 b a 1.27 3.75 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 8 1.11 b 1.93 5.14 a 2.89 b 2.12 2.00
5 b 1.68 b b b b b b b

21 m a b a a 1.12 a a b b
2 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 a 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 q 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 0 d b d 2.95 a a b d d
38 * d b d 2.87 a 4.22 b d d
9 d a d d 1.42 b 2.40 d d

42 x d b d 2.03 1.35 a b d d
49 f 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

No. of Events 10 8 9 14 20 13 2 6 8
Average b 1.08 1.54 2.02 3.25 1.37 3.96 2.78 2.24 2.26

a - data inadequate R-1.41eO 000992d CR=t1.49
b - station not installed at time of event 2
d - station not operated for this event r =0.210 CLR96=*2 -25 to 2.29

e-n



TABLE 2-3

Ratios (Top/Bottom) for Peak Vector

Displacement - Single ighest Peak

STATION NUMBER
Event
Number

Plot -IOp-
Symbol 161m

4 10 11 3 9
(130.5m) (342.6m) (345.6m) (416.7m) (431.6m)

- -5/lb 13
(570m) (580m) J762.1

. . _ _ _ . _ , _ _ . \ _ _ ,

8
11
40

* 24
3
1
13
16
53
30
36
5
21
2
31
45
26
23
55
39
43
37
50
38
9
42
49
46

No. of Events
Average

b
b
1.05
a
b
b
b
0 .10
1.00
1.04
1.06
b
a
b
1.08
a
1.05
a
a
1.04
1 .08
1.07
d
d
d
d
d
d

1.24
b
b
1.12
1.23
1.14
1.39
b
b
b
1.58
b
1.20
b
b
b
b
b
b
b
b
b
b
a
b
b
b

b
b
1.62
a
b
b
b
b
1.45
2.31
1.61
b
a
b
1.67
a
a
a
a
1.45
1.78
1.. 3
d
d
d
d
d
d

8
1.70

b
b
3.01
3.20
b
b
b
a
a
2.19
2.77
b
a
b
3.53
2.85
a
a
a
2.95
4.18
3.43
3.43
2.86
d
2.64
2.78
2.58

14
3.03

1.04
1.36
0.09
1.05
b
b
1.27
1.15
1.14
1.03
a
b
1.05
b
1.02
0.87
0.96
0.96
1.32
a
0.92
1. 1.9
a
a

1 .09
1.09
1.35
1.45

20
1.11

b
a
2.79
a
b
b
a
3.23
3.85
2.61
2.34
b
a
b
3.99
3.10
3.14
a
a
2.97
a
3.45
a
2.92
b
a

5.03
4.98

13
3.42

b
a
b
b
b
b
b
1.60
b
b
b
b
a
b
b
b
b
b
b
b
b
b
b
b
1.79
b
b
b

6
b
a
b
b
b
b
b
a
1.61
1.95
b
b
b
2.14
1.64
b
b
a
1.85
3.29
a
d
d
d
d
d
d

b
b
1.25
b
b
b
b
b
1.44
b
1.02
b
b
b
b
1.56
b
b
a
2.06
2.23
1.24
d
d
d
d
d

10 8
1.05 1.30

2 6 8
1.69 2.08 1.69

a - data inadequate
b - station not installed at
d - station not operated for

time of event
this event

r2 0.087 CLR9l="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 taking 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 because of the rapid change at shallow depth, as noted above.

It 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 61m, 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,

and 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

10



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/paleozoic

interface. Top/bottom ratios are relatively 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 11 is in Yucca Flat, as

are the nuclear events being 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 greatest spectral difference between top and

bottom at 1 Hz where the difference is more than 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. Top/bottom ratios are

small because the mass moves very much as a unit.

Station 9 is in Rainier Mesa. Top and bottom are separated by a

series of tuff strata, and the bottom is about 230 (t30) m above

the tuff/paleozoic interface. In an east-west direction at the

location of the station, Rainier Mesa is about 1.07 km wide at the

top. The surface station is located about 0.5 km from the south

edge of the mesa. Northward there is no appreciable relief for

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

11



Motion and
Component

Accel. Vert

(gas) 2700

00

Ave

Velocity Vert

(cM/s) 2700

00
Ave

Disp. Vert

(cm) 2700

0O

Ave

Top
Motion

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 Bottom Ratio to Top/Bottom
Vertical Motion Vertical Ratio

0.00327 2.48

1.20 0.00381 1.17 2.56

1.73 0.00457 1.40 3.07

0.00388 2.70

0.183 1.84

2.42 0.192 1.05 4.26

3.07 0.244 1.33 4.23

0. U6 3.44

0.0309 1.35

3.21 0.0281 0.909 4.76

3.69 0,0250 0.809 6.14

0.0280 4.08

TopyBottom
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 horizontal components to the vertical. Acceleration,

velocity, and displacement values shown are peak-to-peak values.

The station was on an azimuth of 311.76 clockwise from north about

event 49. Thus the north-south gage (0°, positive north) and the

east-west gage (2700, positive west) are within 5° of 450 from

the event. At these distances, in the absence of topographic

effects, motions, especially 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 00 greater than for 2700. At the bottom, acceleration

and velocity follow the same trends, but with much smaller differences

--differences more like those commonly observed. For displacement

the trend is reversed, producing large top/bottom ratios for horizontal

displacement. Curiously, the largest motion at the top is in the

direction of the long axis of the mesa.

Station 8 provided data from only 2 events. It was located in Ue-1L.

The top canister was in alluvium. The-alluvium-paleozoic interface

was at 61 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 570 m because the hole was closed just below that

depth. Water table is at 520 m or less. There are no topographic

effects at this location, although some of the effects of proximity

to the explosions noted above for Station 11 would apply to Station

13



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 horizontally and 580 vertically. Topographic effects were

observed for the Pahute Mesa events, and are seen for 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

For single peak vector ratios:

Flat are:

Acceleration

Velocity

Displacement

R = 1.29e0.00135d R

r2 = 0.399 CLR9O

R = 1.41e0.0 00992d T

r2 - 0.210 CLRgO

R 134e 0.000708d a

r2 - 0.087 CLRgO

= 1.36

= *1.87 to 1.89

= *1.49

= ±2.25 to 2.29

a *1.54

a *2.39 to 2.44

where R is the

to that at the

ratio of the peak vector value at the surface

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, aR and 90 percent

14



confidence limits, CLRgO are also shown above and in the

tables. The CLRgO values are multipliers (+) or divisors (-)

of the value 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 peaks can distort the top/

bottom ratios when either record contains a single large peak due to

simultaneous arrivals via different paths which is not present in the

other. As for the Pahute Mesa data, averages of the highest 5, 10, 15, 20,

and 25 peaks were determined separately for top and bottom, and the ratio

of the corresponding averages obtained. Ratios for the 15 highest peaks

are shown in Tables 3-1, 3-2, and 3-3, for acceleration, velocity, and

displacement, respectively. (Corresponding ratios for the 5, 10, 20,

and 25 highest peaks are included as Appendix A.) Changes in the ratios

going from 15 to 25 peaks are usually small relative to those going from

I to 15.-

Figures 3-1, 3-2, and 3-3 show the ratios for the average of the 15 highest

peaks plotted against depth. Changes in average values (indicated by

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 for acceleration, velocity, and displacement; for Station 11

for velocity; and for Stations 9 and 13,for displacement. Only for dis-

placement is the slope of the fit to the data changed appreciably in going

from 1 to 15 peaks. For each motion parameter the coefficient of deter-

mination was improved by going from 1 to 15 peaks.

The effect of geology at the station locations exerts a greater influence

on fit than does the effect of depth. The results are:
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TABLE 3-1

Ratios (Top/Bottom) for Peak Vector

Acceleration - 15 Highest Peaks

STATION NUNBER
Plot lOP 4 - 10 II 3 9 8 15/16 13

Symbol (61.) (130.5m) (342.6m) (345.6.) (416.7m) (431.6m) (570m) (580m) (762m)
Event
Number

8
11
40
24

3
1

13
16
53
30
36
5
21
2
31
45
26
23
55
39
43
37
50
38
9
42
49
46

No. of.Events
Average

C b
a b
o 1.32

a
w b
I b
A b
d 1.29
b 1.23
a 1.37
* 1.24
* b
m a
v b
U 1.25
a a
V 1.14

a
q a
n 1.16
r 1.21
P 1.27
o d
0 4d
k d
x 4
f d
t d

1.98
1.74
b
b

1.59
1.90
1.75
1.60
b
b
b6

2.06
b

1.74
b
b
b
b
b
b
b
b
b
b
a
b
b
b

b
b

1 .50
a
b

' b
b
b

1.01
1.49
1.70
b
a
b

1.03
a
a
a
a

1.73
2.82
1.53
d
d
d
d
d
d

a
1.60

b
b

2.76
2.88
b
b
b
a
a

3.04
3.34
b
a
b

2.75
2.48
a
a
a

3.79
3.25
3.00
2.56
3.20
d

2.31
2.68
3.23

14
2.95

1.71
2.38
1.70
1.56
b
b

1.72
1.73
1 .97
2.00
a
b

1 .64
b

2.05
1 .45
1 .66
1 .47
2.23
a

1.21
1.67
a
a

1 .90
1.46
1.92
2.36

20
1 . 79

b
a

2.42
a
b
b
a

2.51
3.29
2.70
2.14
b
a

3.00
3.67
2.40

a
a

3.92
a

3.15
a

3.51
b

4.00
2.74
4.03

14
3.11

b
a
b
b
b
b
b

3.79
b
b
b
b
a
b
b
b
b
b
b
b
b
b

b

2.60
b
b
b

b
b
a
b
b
b
b
b
a

1.15
1.41
b
b
b

1.73
1.55
b
b
a

1 .89
2.02
a
d
d
d
d
d
d

b
b

4.85
b
b.
b
b
b

4.68
b

3.64
b
b
b
b

5.33
b
b
a

4.47
3.79
4.09
d
d
d
d
d

5.05

10 8
1.25 1.79

2 6 8
3.20 1.63 4.49

a - data inadequate
b - station not installed at
d - station not operated for

R=1.3OeO.OO137d wR+tI.33time of event
this event

r2=0.446 CLR O~tI.78 to 1.81



TABLE 3-2

Ratios (Top/Bottom) for Peak Vector

Velocity - 15 Highest Peaks

STATION NUMBER

Event
Number

0l A. STATION NH?4RER
I 'U.. 4ur

Symbol (61m)

8
11
40
24
3
I
13,
16
53
30.
36
5
21
2
31
45
26
23
55
39
43
37
50
38
9
42
49
46

No. of Events
Average

C b
A b
o l.OJ

a
b

J b
A b 
d 1.02
b 1.06
a 1.07
a 1.08

* b
m a

b
U 1.09
a a
V 1.04

q a
n 1.06
r 1.12
P 1.09
o d
* d.

d
dx d' -

t d
t d 1

10 '
1.07-

4 1I -- 3
(130.5m) (342.6m) (345.6m) (416.7m)

1.53 b b 1.22
1.60 b b 1.49
b 2.13 2.59 1.19
b a. 2.79 1.24

1.28 b b b
1.67 b b b
1.47 b b 1.23
1.49 b a 1.25
b 1.54 a 1.31
b 2.45 2.50 1.19
b 1.71 3.32 a

1.55 b b b
b a a 1.18

1.42 b b b
b 1.67 3.57 1.28,
b a 3.46 1.08
b a a 1.19
b a a 1.14
b a a 1.32
b 1.75 4.34 a
b 2.30 3.69 1.07
b 1.79 3.26 1.34
b d 2.89 a
b d 3.28 a
a d d- 1.46
b d 2.16 I1.25
b d 2.96 1.82
b d 3.07 1.60

8 8 14 20
1.50 1.92 3.13 1.29

A ^ s . s _ _ _

I

I9 8 
(431.6m) (570m)

b b
a a

2.94 b
a b
b b
b b
a b

3.38 3.22
4.74 b
3.07 b
3.55 b
b b
a a
b b

4.06 b
4.09 b
3.20 b
a b
a b

5.34 b
a b

4.59 b
a S

4.48 b
b 2.59
a b

3.95 b
5.03 b

15/16
i rbAnmi

13
1 7 A 2mI

I - Rflm , ,me,

b
b
a
b
b
b
b
b 
a

1.65
2.18
b'
b
b

2.14
1.66
b
b
a

2.08
2.49
a
d
d
d
d
d
d

6
2.03

b
b

-2.56
b
b
b5
b

2.69
b

2.57
b
b
b
b

2.59
b
b
a

2.57
2.83
2.58
d
d
d
d
d

2.93

8
2.66

13
4.03

2
2.91

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

A nnlT WC

R= .30eu

2r ..221

ULF. 4
a a t .50

. . R

to

CL R90*2.28 to 2.33



0

TABLE 3-3

Ratios (Top/Bottom) for Peak ector

Displacement - 15 ighest Peaks

STATION NUHBER
Event
Number

Plot 1 O P 4 - - 10 II 3
S vmbol (61.) (130.5m) ( 342.6m) ( 345.6m) (416.7mA

9 8 m1/b6 13
(431.6m)'_ (5705 580) (72m)

B
11
40
24
3
1
1 3
16
53
30
36
5
21
2
31
45
26
23
55
39
43
37
50
38

9
42
49
46

No. of Events
Average

c b
Ab
o 1.05
* a
v b
I b
* b
d 0.99
b 1.02
a 1.03
* 1.05
* b)
m a

b
U 1.04
O a
v 1.02

a
q a
n 1.02
r 1.07
P 1.10
o d
* d

d
x d
f d
t d

1. 32
1.25
a
b

1.09
1.32
1.16
1.23
b
b
b

1.46
b

1.26
b
b
b
b
b
b
b
b
b
b
a
b
b
b

b
b

2.06
a
b
b

IJb
1.39
2.19
1.51
b
a
a).

1.53
a
a
a
a

1 .42
1.71
1 .67
d
d
d
d
d
d

8
1 .68

b
b

3.51
2.56
b
b
b
a
a

2.82
2.84
b
a
b

2.97
2.47
a
a
a

3.98
2.96
3.72
2.76
2.99

4
2.32
3.20
2.54

14
2.97

1.06
1.17
1.08
1 .08
b
b

1 .04
1.06
1.16
0.97
a
b

1.10
b

1.10
0.94
1.05
1.01
1.25
a

0.97
1.04
a
a

1.28
1.11
1.37
1.46

20
1.12

b
a

3.15
a
b
ba)

2.94
4.09
3.19
3.36
a
a

4.01
3.42
2.96
a
a

3.74
a

4.21
a

3.70
a
a

5.07
3.98

13
3.68

b b b
a b b
b a 1.66
b b b
b b b
b b b
b b b

2.38 b b
b a 1.84
b 1.73 b
b 2.05 2.15
b b b
a b b
b b b
b 2.16 b
b 1.55 1.78
b b b
b b b
b a a
b 2.09 2.09
b 2.57 2.22
b a 1.73
b d d
b d d

1.69 d d
b d d
b d d
b d 2.01

2 6 8
2.04 2.02 1.93

10 8
1.04 1.32

a - data inadequate
b - station not installed at
d - station not operated for

time of event
this event

R=1.27e … ----- oR=tI. 55
2r O.131 CL R90=t2 .4 1 to 2.46
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For the 15 highest peaks:

Acceleration R = 1.30e 00137d =13

r = 0.446 CLRgO t1.78 to i.8.l

Velocity R = 1.30e° 00115d R 150

r = 0.221 CLRgO =t2.28 to .3

Displacement R - .27e
0 000898d T t1.55

r2= 0.131 CLRgO =2.41 to 2.46

The exponents indicate that acceleration changes most with depth and

displacement least. The coefficients of determination reflect the diff-

erences due to station geology. Since average values for -?vents were

used in computing the equations, the scatter from one event 'o the other

is not included except indirectly.

Comparison of the error estimates with those in Chapter 2 or- IrgIle

peaks shows that for there is a very slight improvement rLr acceleration

and essentially no change for velocity and displacement. F^ ir coefficient

of determination, r, there was considerable improvement ,for three.

For the 90 percent confidence limits there was a slight degradation 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 frequency intervals

over three decades. Ordinarily the plots are made separately for each of

the three components. By taking the square root of the sum of the squares

of the velocity 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, 5, 10, 20, 35, and 50 percent of critical

damping were chosen arbitrarily to illustrate the effect of changing the

damping coefficient. To 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 permitting a plot of the ratio as a

function of frequency. Also, the average value of the ratio over the 75

points was calculated and printed at 'the lower left corner of the plot.

An example is shown in Figure 4-1. In what follows, only the 5 percent

damping is treated, although the data exist in file for exploring 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 (listed 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 will

point out similarities and differences.

Station W-10 Prime

This was the shallowest station. The ratios (Figures -1 through -5) are

small for all events, as would be expected from the small vertical'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 dips 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 was

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

signals have electrical boise 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 -6 through B-9.

All 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 -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 -10 through 8-13 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 when 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 -10 through -13 this shows up as a low value when the top

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.
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Station W-11

PSRV ratios for Station W-11 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 these 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-15b.

If the reader will refer to Figures E-19 through E-24 the manifestation of

this effect on the wave train will be more apparent. Event 46 (Figure

B-2Ob) has a smaller peak at 0.8 to 1.25 Hz. than the other events, and

another of comparable amplitude at about 2.5 Hz. This is evident on

PSRV's for all three components at both top and bottom, but it is much

more pronounced at the surface. The peak in the ratio for Event 30

(Figure B-15a) in the 5 to 20 Hz. region results from high frequency con-

tent of the surface signal, particularly for the vertical component. (See

Figure E-13.)

Station W-3

Figures .8-21 through B-30 show the PSRV ratios for Station W-3. The ratio

profile for Event 9 (Figure B-29a) 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

8-21a) 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,
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B-29b, 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-21b,

B-23a, B-23b, B-24a, B-24b, B-25b, B-26a, -26b, B-27b, B-28b and B-29a).

All 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 -31 through 8-37. All

events have the dominant peak in the frequency range 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 plots is the relatively large values

of the left and right asymptotes, signifying the relatively large differ-

ences between top and bottom for acceleration (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 quality

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 Formation was dropped from consideration for a repository. Both of
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the two ratios obtained show peaks in the 1 to 1.5 Hz. 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 constitute 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 component 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. Events 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 peaks in the ratios. Events 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.

Station 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 cases 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

lower 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:

R = 1.34e 0 00 120d = t.36 r2 = 0.350 CLR9O t1.86 to 1.89

.32



TABIE 4-1
Ratios (Top/Bottom) for

"Vector" PSRV Mean Values

STATION NUMBER

Event
Number

Plot 4 - 10 11 3 9 I- 1b1b 13
Symbol (61m) (130.5m) (342.6m) (345.6m) (416.7m) (431.6m) (570m) (580m) (762m)

b8
11
40
24

3
I
13
16
53
30
36
5
21
2
31
45
26
23
55
39
43
37
50
38

9
42
49
46

C
A

0
a
w
I
A
d
b
a
S

m
a
V

q

r
p
0

x
f
t

b.
b
1.36
a
b
b
b
1.29
1.28
1.41
1.23
h
a
b
1.25
a
1.16
a
a
1.26
1.18
1.21
d
d
d
d
d
d

10
1.26

1.67
1.75
b
b
1.40
1.76
1.67
1.59
b
b
b
1.90
b
1.63
b
b
b
b
b
b
b
b
b
b
a
b
.b
b

8
1 .68

b
b
1.53
a
b
b
b
b
1.46
2.13
1.83
b
a
b
1.61
a
a
a
a
1.71
2.40
1.79
d
(I
d
d
d
d
a
i.ri1

b
b
2.62
2.99
b
b
b
a
a
2.86
3.40
b
a
b
3.10
2.86
a
a
a
3.20
3.13
3.34
3.33
3.08
d
2.43
3.00
3.09
1l
3.03

1.51
1.80
1.48
1.44
b
b
1.58
1.50
1.74
1.56
a
b
1.29
b
1.66
1.34
1.50
1.63
1.97
a
1.12
1.42
a
a
1.71
1.38
1.71
2.59

1i.57

b
a
2.69
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CHA AY 5

GROUND MOTION WAVEFORMS

The attempts in the preceding chapters to provide a quantitative measure

of the effects of depth do not reveal some of the qualitative aspects

of ground motion. These can best be observed by comparing acceleration,

velocity, and displacement at the surface and at each depth. In Appen-

dices C through J these waveforms for vertical, radial, and tangential

motion are presented for comparison. The appendices are arranged in

order of depth, Appendix C treating the shallowest depth and Appendix J

the deeLest. An exception is-Station W-10 which is included in Appendix

C because of its proximity to the shallowest hole. Within each appendix

the data are presented in order of decreasing yield. For each event the

amplitude scales are the same for top and bottom to facilitate comparisons.

There are some cmon features to be pointed out before going into more

detailed discussion. First motion of the vertical component is upward

and first motion of the radial component is outward from the source.

Direction of first tangential motion can be either clockwise or counter-

counterclockwise and is unpredictable with no prior experience for a shot

in a given location, It can become predictable for an event sufficiently

near an earlier event for which direction of first motion is known. First

motion at the bottom is usually a few milliseconds earlier than that at

the top. And, first-motion of the radial and tangential motion is

generally a few milliseconds behind that of the vertical component.

Except for Station W-11, which is 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 maxiu displacement in the surface wave. The maxlmuu amplitude

of the vertical component of t surface wave is attenuated relatively

little with depth over the range of depths and wave lengths of concern

here. At the ground surface the maximum amplitude of the radial component

is about 2/3 that of the vertical component. It becomes smaller relative

to the vertical component as depth increases. These observations are

based on a theoretical treatment by Pilant, 3 and it can be seen in

these data that there are se apparent exceptions.

In the following discussion the stations will be treated in order of

increasing depth of the bottom canister (except for W-10 bottom), and

the events in order of decreasing yield. To facilitate visualizing the

relative locations of the numbered events with respect to the stations,

it is suggested that the reader have available Appendix A of Reference 1

while reading this chapter.

0 Station W-1O (Appendix C)

It was noted earlier that casing ringing was involved at W-10 bottan in

Well J-11. It occurs for both horizontal components, and is sificant

during the early portion of the acceleration records. The ringing is

discernible on the velocity records, and is hardly noticeable on the

displacement records. The frequency at which the ringing is naximum is

between 3 and 3.5 Hz as noted in Chapter 4. Another feature common to

all events is the relatively small difference between W-10 top and W-10'

(the plots without the top or bottom notation). This small difference

is seen in all three components of acceleration, velocity, and displacement.
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Event 4o (Figures C-l through -9) Comparison of Figues C-I and C-3

show that the vertical component of displacement has changed relatively

little from tp to bottom. A similar comparison of Figures C-4 with

C-6 and C-7 with C-9 illustrates 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 fran the high sensi-

tivity channels, and the use of the direct output channels (no amplifica-

tion) results in more than the usual amount of system noise.

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

radial, and tangential displacements shows that the signals 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 -33) The similarity of the records at

the three levels is an obvious feature of this set of records. An

interesting aspect is seen in Figures C-28 and C-29, where there is a

sall high frequency in the forner at 22 to 26 seconds which is not in

the latter.

Event 36 (Figures C-34 through C-42) A comparison of the displacements

in these nine figures shows that at all levels the tangential motion is

greater than either the vertical or radial. The stations are at an

azimuth of 203.6° from the event, compared with 209.90 for Event 30,

where displacement amplitudes of the three components were similar.
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Event 31 (Figues C-43 thryux C-51) While it is expected that the

radial displacement amplitudes would be attenuated with depth more than

the vertical, no trend can be predicted for the tangential component.

Here, there is less attenuation for the tangential canponent. In

addition, the tangential displacements a larger than those of the

vertical or radial carporents, 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 o RF

noise. In this case the tangential displacement at the surface is only

slightly larger than the radial, and at the 61-mn 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 at an azimuth of 2050 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 207.220 from the event.

Event 37 (Figures C-76 through C-84) Vertical, radial, and tangential

displacements are about the sae at each level. The vertical displacement

at the top (Figure -76) has a low frequency background resulting from a

VCO malfunction. By comparing these figures fr motion generated by the

smallest yield in this data set with the corresponding figures in Figures

1 through 9 for the largest yield, it can be seen that peak displacements

are roughly a factor of 10 smaller for the smaller yield.

In five of the ten events described above, Events 26, 31, 36, 39,
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and 43, the tangential displacement was markedly larger than the radial

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

at azimuths between 203.60 and 207.2°, and at distances between 38.30

and 40.85 km. The other five events without enhanced tangential displace-

ments were located in Areas 4 and 7, at azimuths between 209.7 and

212.7 and distances between 42.07 and 44.92 kIm. 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 were below the water table and Event 37 was 18 m above. Of

the five events in Area 2, two (Events 26 and 31) were in tuff and the

others in alluvium; only Event 26 was below the water table. Thus

there is no indication that the medium in the immediate vicinity of the

detonation causes differences in energy coupling which contributes to

the strong tangential displacements. Since the larger amplitudes in

the displacements are from the surface wave, we can only speculate that

there are differences in geology in the region of surface wave formation

which contribute the large tangential displacements fran events in Area 2

and which do not exist in the region of Areas 4 and 7.

0 Station W-4 (Appendix D)

Since the bottom canister at this station is only 130.5 m deep, the

differences in motion between 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.

39



Event 11 (Figures D-7 through D-12) There ar no special or unusual

features in these records.

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

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

Event 1 (Figures D-19 through 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 foregoing figures

shows that the waveforms, especially for displacement, are very similar,

except that the bottom tangential is smaller than that of Event 1.

Comparison of Figure D23 with D-29, the top tangential component, shows

enough similarity to conclude that the tangential motion is determined

by geology, even though it is 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. Cparing 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.
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Event 5 (Figures D-37 through D-42) Although this event was in Area 2

along with Events 1, 11, and 13, the radial distance separating it from

the others was between 2.4 and 3.1 km. Comparison with the figures for

those events shows that the waveforms from Event 5 have little in cmon

with waveforms from the others. A most notable difference is 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 one of the events which provided large tangential displacements at

Station 10, but it was ear Event 31 which did.

Event 2 (Figures D-43 and D48) This event and Event 8 were detonated

in Area 7, but about 3.19 Ian apart. Comparison of these figures with

Figures D-1 through D-6 shows little similarity.

* Station W-ll (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 signals and surface waves

are poorly developed. Also, signals are of shorter duration than at the

more distant stations.

Event 40 (Figures E-1 through E-6) The top canister was 3872 m from the

detonation and the bottom canister was at 3828 m. The bottom canister

was about 320 m above the detonation point. As a result, vertical motion

at both top and bottom s quite strong. It shows much less decrease

with depth than does either the radial or tangential.

Event 24 (Figures E-7 through E-12) me top canister was 4278 m from
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the detonation point and the bottom one at 4238 m. The bottom canister

was 324 m above the detonation. There was an 110 azimuthal difference

from this event to the station relative to the preceding event. Thus

a similarity n sigrals 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 component 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 24.70 separating this

event frmn Event 40 and 36.70 separating it from Event 24. This event

was also in tuff below the water table. Yield 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 displacement.

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

considerably ess.
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Event 31 (Figures E-25 through E-30) This event was even farther away

than the foregoing ones, and its azimuth was 110 from that 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-31 through E-36) This event was 394 m farther away

than Event 30, and there is an azimuthal separation of only 6.30. Even

so, the waveforms of the vertical and radial signals are quite different

from those of Event 30. Tangential displacements at the top from the,

two events have a similar dominant frequency, and in both 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-42) Event 39 was 26 m closer than

Event 40, and there was-a 610 azimuthal separation. There is some

similarity in the first cycle of the vertical records of the two events

and in the first two cycles of the radial records. Tangential motion at

the top is in reasonable agreement for the two events. Amplitudes for

Event 39 are much aller than those for Event 40. Event 39 was 115 m

above the bottom canister compared with 324 m below for Event 40. This

difference as well as the relatively large azimuthal separation may have

contributed to se difference in waveforms.

Event 43 (Figures E-43 through E-48) The top tangential record (Figure

E-47) came fran the unamplified channel. This event was 465 m closer
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than Event 31, and the azimuthal separation was 7.5°. Cparison with

the waveforms for Event 31 shows a similarity in the p-wave portion of

the record except for the top tangential.

Event 37 (Figures E-49 through E-54) This event is the closest to the

station of all events in the data set. Te 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 is 1.64 m closer to the station than Event 24 and the two are sepa-

rated azimuthally by 5.90. Records from all components, top and

bottom, are dissimilar for the two events.

Event 50 (Figures E55 through E-60) Event 50 was 248 m farther than

Event 36, and the azimuthal separation was only 3.10. Waveforms for the

two events are unalike. Those frcm 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 fram the

station on an azimuth quite different from the foregoing events. As a

result, the surface wave is more thoroughly developed and there is a

longer ts before 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 m 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
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of Event 50 is completely missing on the records of Event 42.

Event 49 (Figures E3 through E-78) This event and Events 38 and 46

are the only ones 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 tired in other areas. Event 49 is at about half the distance

from the station as are Events 38 and 46, and the waveforms of Event 49

are not like those of the other two events.

Event 46 (Figures E-79 through E84) Event 46 is 685 m farther than

Event 38, and the two events have an azimuthal separation of only 3.80.

In spite of these small differences in the locations, there is essentially

no similarity in the waveforms produced. Both events were in tuff and

above the water table. Although the yields were not appreciably different,

the peak displacements for Event 46 were about half those of Event 38.

0 Station W3 (Appendix F)

The bottom canister at this station is 416.7 m deep. Both top and bottom

are in granite of the Climax Stock. Experience with the Pahute Mesa

data indicates the granite moves pretty much monolithically. The infor-

nation in Chapters 2, 3, and 4 substantiates that the difference in top and

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

Event 8 (Figures -1 through F-6) The waveforms from this event have

dominant p-wave accelerations and dominant surface wave displacements.

Vertical and tangential displacement at top and bottom are virtually the

same. Radial displacement at the bottom is slightly Smiller than at the

top, but-rot as much reduced as for the waveforms shown in Appendix E

for Station W-11 where the shots were closer.
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Event 11 (Figures -7 through -12) The comumnts made for Event 8 apply,

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

the top.

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

vertical and radial displacements are about equal. Peak displacement

amplitudes of the radial at the bottom are about equal to those at the

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

seconds at the top.

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

apply to Event 24. This event was about 900 m farther away from the

station than Event 40, and on essentially the same azimuth. They were

at the same depth, were in tuff below the water table, and had compar-

able yields. Making allowance for the longer travel time for Event 24

in comparing the records, one finds that the top and bottom vertical

displacements are virtuall7 the same for both events. There is 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 tangential displacements are in the p-wave portion of the wave train.

Event 16 (Figures 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. Comparison with Figures F-13 through F-18 for Event 40, which

was closest to Event 13, shows some similarity n 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.
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Event 53 (Figures F-37 through F-42) This event was also on about the

same azimuth as Events 8, 40, 24, and 16, and 150 m farther away than

Event 40. Vertical displacements are in good agreement with those of

Event 40, especially at the bottau. adial and tangential displacements

for the two events are in phase, but the amplitudes are considerably

greater for Event 40.

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

sae azimuth as the four referred to above. It was 57 m closer than

Event 16, and the azimuthal separation was 1.40. Vertical displacements

for the two events are very much in agreement. Vertical accelerations

at the beginning of the surface signal fran Event 30 are much greater

than those of Event 16. Agreement is not quite as good for the radial

tangential cmponents. The top tangential signal from Event 30 is quite

different in the p-wave portion from that of Event 16.-

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

azimuth as Event 53 and 915 m farther away. It was 167 m farther than

Event 24, and separated azimuthally frcm that event by 2.40. Agreement

between Events 21 and 53 is good for the vertical displacements and the

top tangential displacements and only fair for the radial. Agreement

between Events 21 and 24 is especially good for vertical and radial

displacerents, and moderately good for the tangential. Thus we conclude

that at least or these three events a separation in distance leads to

more dissimilarity than a small azimuthal difference.

Event 31 (Figures F55 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 ran the top canister. Vertical displacements at top and

bottom are large relative to radial. and tangential displacements.

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

of 275 m from Event 16, and an azimuthal separation of 7.60. There is

only moderate agreement between the vertical displacements of the two

events, even less agreement between the radial displacements, and little

agreement or the tangential displacements.

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

displacements at both top and bottan 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 9.40. The vertical .displacements of

the two events were in phase during the first few seconds, and out of

phase thereafter. There was little similarity between the radial and

tangential motions of the two events. Whereas an azimuthal separation

of 2.40 between Events 21 and 24 led to similar waveforms, the separation

here was too great for there to be agreement.

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

records for this event resulted fram only a small portion of the band

width being used. This was done intentionally to permit recording larger

signals from another event when the tine interval between the events did

not permit changing gain settings at the station. The location of the

event made it conparable 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 40. There is little similarity in

the waveforms Of the two events. One exception is the two positive and
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one negative tangential displacement peaks in the vicinity of 10 seconds

for both events.

Event 43 (Figures F-85 through F-90) Events 11 and 43 were separated by

only 0.30 but by 1.6 Ion radially. The distance separation was so great

that there is no similarity in the wavefonms. The yield of Event 43 was

smaller than that of Event 11, and that may have contributed to the

difference in wavefonms.

Event 37 (Figures F-91 through F-96) This event was separated fram

Event 40 by 5.7° and 473 m, and from Event 24 by 60 and 425 m. Both had

yields larger than that of Event 37. There is no similarity in the

records from Event 37 with those of either Event 40 or 24. One notable

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

detonated in Area 3, and would not be expected to produce motion

comparable to that of any of the above events.

Event 42 (Figures F-103 through F-108) Event 42 and Event 26 had a

radial separation of 116 m and an azimuthal separation of 20. The

vertical and radial displacements of the two events are in good agree-

ment to about 7 seconds, after which they are out or phase because of

the higher-frequency motion-of -the lower-yield Event 42. There is no

agreement between the tangential displacements.

Event 49 (Figures F-109 through F-114) This is the second of the three

events detonated in Area 3. Because t 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 throuxh F-120) This event is separated from

Event 9 by 2.60 and 1.868 hcn. Although the azimuthal difference is
snall, the distance separation is sufficiently large that the signals

from the two events are quite dissimilar.

O Station W-9 (Appendix G)

The depth to the bottom canister at this station is 431.6 m. Both the

surface and bottci 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-1 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 bottom peak-to-peak displacements as a function of

azimuth. Whereas the maximum difference is only a few degrees from the

tangential, the minimum occurs at about the 170-350° axis, almost midway

between the radial and tangential motion. This latter is approximately

along the long, or stiff, axis of Rainier Mesa. Corresponding ratios

for the vertical displacements are between 1.25 and 1.30.

It is in order to compare these displacements with those measured at

Station W-3 where there were no topographic effects. There aximnum

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 maximn displacement is within 10 degrees for the two
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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 (Figures G-7 through G-12) Event 16 was about 671 m closer

than Event 40, and there was an azimuthal separation of 4.80. 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 comparing 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 k farther than Event 16. There was an

azimuthal separation of 1 from Event 40 and of 3.80 from Event 16.

There is considerable similarity in the radial motion of the surface

station, and in the tangential motion as well, until about 15 seconds.

After 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 is less than that of Figure 5-1. Maximun difference between

top and bottom is about 4.7 tims and occurs along the 70-2500 axis,

rotated clockwise ram the tangential by about 37°. At the minimum 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 is 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, 0.340, and 3.40,
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Figure 5-2. Ratio of top and bottom peak-to-peak
displacements as a function of azimuth
at Rainier Mesa' -
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Figure 5-3. Relative locations of Events 16, 30, 40,
and 53.
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respectively. A cnparison or top radial motion for the rour events

indicates greatest similarity between Events 30 and 16 and t least

between Events 30 and 53. This is as would be expected ran the distance

and azimuthal separations. The sane similarity exists for the top

tangential motion. The scales on the figures have been set to accoaodate

the maximum positive and negative excursion occurring in top vertical,

radial, and tangential motion. Thus where there is a large difference

between top and bottom, the scales for the bottan records result in all

amplitudes in the figures. Figures G-1 and 0-19 for Events 40 and 30

show that the vertical motion was comparable to the radial (Figures G-3

and G-21) and tangential (Figures G-5 and G-23). Figures G-7 and G-13

show that for Events 16 and 53 the vertical motion was sal relative to

the radial and tangential (Figures G-9, G-11, -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.

Figure 5-3 shows the relative locations or the four -events. Event 30

was in alluvium above the water table; the others were in tuff and below

the water table.

Event 36 (Figures G-25 through 0-30) This event was the closest to

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

canparable with any other event.

Event 31 (Figures G-31 through 0-36) Like the preceding-event,- this one

is separated in distance or azimuth rom the other events, and canparisons

cannot be made.

Event 45 (Figures G-37 through 0-42) Event 45 was separated from Event

53 by about 315 m and 6.5°. Coparison of the top radial and tangential
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displacements for the two events shows moderately good agreerrent to

about 12 Seconds for the radial and to about 16 seconds for the tangential.

Thereafter there are differences in both phase and amplitude.

Event 26 (Figures G-4 3 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 tires 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 0.30, but by 1.64 m in radial distance. Even

though the alignment is the saw th distance separation is so large

that the waveforms are quite different. The one common characteristic

is the large amplitude of the top tangential signal.

Event 37 (Figures G-55 through -60) This event is only about 25 m

closer to W-9 than Event 30, but the azimuthal separation is 8.90.

There is no similarity in the ground motion because of the azimuthal

separation and because 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 tuft and below the water table.

Event 38 (Figures G-61 through G-66) This is 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 bottom (Figure G-68) are not valid because of a nalfunction of
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the VCO for this channel. 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, there is 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 comparable.

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

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

no similarity between te waveforms of the two events.
It is interesting to categorize the waveforms in Appendix 0 according to

the amplitudes of the displacenents from the top canister. They fall

into three categories.

1. Amplitudes of vertical, radial, and tangential components

are comparable.

2. Amplitudes of the vertical component are snail relative

to those of the radial and tangential components which

are larger.

3. Amplitudes of the vertical and radial components are

sall relative to those of the tangential component

which are larger.

Events in Category 1 are 30, 36, and 40, in Areas 4, 2, and 4, respectively.

Those in Category 2 are 16, 31, 37, 42, 45, 46, 49, and 53, in 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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Figure 5-4. Relative locations of events falling into three
ground motion categories
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locations of the events n each category. There is no patte rn in the

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 below 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 alluvium above. Thus

the environment surrounding the burst does not appear to contribute to

the observed motion in any consistent way.

0 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 the other 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 Area 1.

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

there was a significant decrease in radial and tangential motion seen by

the bottom canister. The event in Area 4 was 8.7 k away from the

station and produced nearly sinusoidal vertical displacements, but quite

irregular rdial and tangential displacements. This 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 Area 3 -was 10.6 Im

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 expected fran te data examired to this point.

* Stations W-15 and W16 (Appendix I)

Station -15 on Dome Mountain and W-16 in Fortymile Canyon did not

constitute a true surface/downhole pair, since there as a 2300 m

horizontal separation as well as the 580 m vertically.

Event 30 (Figures I-1 through 1-6) Vertical displacement at the two

stations is quite similar after allowance is made for difference in

arrival time. There is less similarity for the radial and tangential

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

horizontal displacements is plotted as a function of azimuth. The

dashed lire parallels the edge of Fortymile Canyon. The direction of

maximum displacement is 200 counterclockwise from a perpendicular to the

canyon edge. Thus there is a demonstrated edge 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 Dome

Mountain than was the case for Event 30.

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

both stations than Event 36, and both were on the sae 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

tire is taken into account. The most obvious 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 -24) Event 45 was 1.9 m farther than
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Figure 5.5. Ratio of peak-to-peak displacement at Dome
Mountain and Fortymile Canyon as a function
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Event 30, and there Bras a 1.9° azimuthal separation. Vertical displace-

ments at Station 15 are smaller than the radial and tangential displace-

ments, whereas at Station 16 all have comparable amplitudes. This

suggests topographic effects pernmitting greater horizontal motion for

Dome Mountain. There are few similarities in the waveforms of Events

30 and 45.

Event 39 (Figures I-25 through 1-30) 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 4.20. 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 1610 m from Event 31. The azimuthal

separation rcm both is 0.60. 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 done for W-9. Events in Category 2 were 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 confirm the observation made

with respect to Station W-9, that the mechanisn affecting the relative

amplitudes of the three components is not related to source envirorment.
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* Station W-13 (Appendix J)

Station W-13 is ofixnterest because at 762 m the bottan canister is the

deepest in the program. It is also interest because o-the complex

geology Of the Timber Mountain Cauldera in which it is located.

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

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

bottom is much reduced.

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

azimuth and have a radial separation of about 720 m. Displacements t

all three components of Event 40 are in phase with those of Event 53.

Peak-to-peak displacements of Event 53 are about halt those Event 40,

except for the top tangential which was less than halT. Top/botta

ratios the events were about 1.1 for vertical, 2.6 (Event 40) and 3.1

(Event 53) for radial, and-l.9 (Event 40) and 1.7 (Event 53) for tangential

displacements.

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

preceding two, and the wavefoms 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 comparable to that 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 J30) Event 39 is closest to Event 36.

There is a radial separation 1880 m and an azimuthal separation f
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4.2°. hre is no similarity in the waveforms.

Event 43 (Figures J-31 through J-36) This event has a 490-n radial

separation fram Event 36 and a 1.3° azimuthal separation. Only in 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 displacement at the top for Event 42 is small relative

to the radial and tangential displacements. For Event 36 all three

conporents have comparable components.

Event .37 (Figures J-37 through J-42) This event is 2.04 a farther away

from the station than Event 53, and separated ram it azisnuthally by

1.20. The yield of Event 37 was considerably smaller than that of Event

53. As a result of differences in location and yield, there is no

similarity in waveforms fram the two events.

Event 46 (Figures J-43 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.
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CHAPW 6

COMPARISON OF RESULTS FROM YUCCA FLAT AND PA=IUE 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 form

R cepd.

In Table 6-1 the values of c and and those for the coefficients of

determination (r 2 ) 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 Mesa Data.

For the Yucca Flat data the coefficients of determination for acceleration

increase to 0.449 for the average of the 10 highest peaks, then decrease.

Those for velocity drop fram 1 to 5 peaks, then increase. Those for

displacement increase from 1 to 25 peaks. The coefficient for PSRV

ratios is larger than those for velocity and displacement, but smialler

than that for acceleration. This would be expected, since the PSRV

contains elements of all three parameters.

For the Pahute Mesa set the coefficients for all three parameters increase

fram 1 to 25 peaks. However, the coefficient for PSRV ratios is larger

than all three. The better fit to the Pahute Mesa data could also be

to differences in the geologic 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 Oata Pahute Mesa ata

3c B r2
c

Highest

a
U

d

Single

I .29

1.37

1.35

Peak (Chapter

0.00134

0.000991

0.000692

2)

0.399

0.210

0.094

1.48

1.06

1.08

0.000867

0.00163

0.00113

0.282

0.494

0.322

Ave nesc Peaks

a 1.30
U I.38

d 1.31

0.00135

0.00101

0.000760

0.436

0.1778

0.103

0.449

0.202

0.117

1 .38

1.07

1.06

1.32

1.07

1.03

Ave 10 Highest Peaks

a 1.30 0.00137

u 1.33 0.00108

d 1.30 0.000823

0.00108

0.G0159

0 .00123

0.00121

0 .001.56
0. 00122

0.359

0.502

0.324

0.398

0.505

0.359

Ave 15 Highest

a 1.31

u 1.32

d 1.29

L- ,O Highest

a 1.31

u 1.30

d 1.29

Ave 25 N g q.5t

a 1.31

u 1.30

d 1.28

Peaks (Chapter 3)

0.00136 0.441

0.00113 0.215

0.000869 0.124

Peaks

0.00135 0.432

0.00118 0.227

0.0&0909 0.131

P ak s

0.00134 0.424

0.00121 0.237

0.000944 0.138

1.29

1.07
1.01

1.27
1.07

0.99

1.27

1 .06

1.00

0.00127

0. 00157

0.00132

0.00131
0.00158
0.00140

0. 00133
0.00160

0.00143

0.416

0.514

0.404

0.429

0.516

0.430

0.435

0.518

0.437

PSRV (Chapter 4)

1.36 0.00117 0.335 1.29 0.00125 0.569

66



For velocity and displacement the coefficients are in all cases larger

in the case of the ahute Mesa data, indicating a better fit. For

acceleration the coefficients are maller for 15 peaks or less, about

the same for 20, and slightly larger for 25 peaks. For PSRV ratios the

coefficient is considerably better for the Pahute Mesa data.

A larger value of the exponential constant, p, means a greater change in

the top/bottom ratio with depth, i.e., a greater decrease in downhole

motion with depth relative-to that at the top. For the Yucca Flat data

set the values.-of p for acceleration show no change frm 1 to 25 peaks.

Those for velocity increase after a low for 5 peaks, while the values

for displacement increase continuously. For PSHV ratio P is as expected

from the act that all three parameters are involved in a PHV.

For the Pahute Mesa data set p for acceleration and displacement increases

as the number of peaks increases, and is relatively unchanged for velocity.

The value for PSRV ratio is smaller than those for the three parameters

for 25 peaks.

Values of p for acceleration are smaller in the case of events on Pahute

Mesa. For velocity, displacement, and PSRV ratio they are smaller for

Yucca Flat shots. Thus downhole acceleration decreases with depth more

slowly for Pahute Mesa shots than for shots in Yucca Flat. Similarly,

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

Flat shots than for Pahute Mesa events.

It would be useful to seek understanding of the differences in motion

generated in Yucca Flat and on Pahute Mesa. The only station with

measurements made at nearly 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

Pahute Mesa, and tem was a considerable difference in yield between

the two. There was also an azimuthal separation o 33°. Wen PRfs

for the vertical cponent at the surface W-10 are adjusted for

yield differences, it appears that the waller yield of Event 31 pro-

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

of W-10 it appeared that the event on Fahute 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 rm ore event to another.

A similar comparison between the two areas using the standard error of

the estimate or the 90 percent confidence limits has not been presented

because those error functions were not determined for the Pahute Mesa

data.
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CHAPER 7

CONCLUSIONS -

There were seven locations at -which measurements were made on the surface

and at an available depth as a part of the Weapons Test Seiasic'Investiga-

tion project. The depths at which measurements were made ranged from

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

on 28 different underground nuclear weapons tests in Yucca Flat. This

data set became the basis for assessing the effects of depth of measure-

ment on ground motion. The assessment made use of ratios (top/bottom)

of single peak vector accelerations, velocities, and displacements;

averages or multiple peaks of the same parameters; and top/bottom ratios

of PSRVs. Also, wavefonns of the individual vertical, radial, and

tangential components of the same three parameters were compared at top

and bottom.

The results confirmed what was observed with the Pahute Mesa data,

namely, that-change in motion with depth is strongly dependent on the

geology at the location where surface and downhole measurements are

made. The difference between top and bottom was small for the granite of

the Climax stock (Station W-3), and large for Rainier Mesa (Station 9)

where the added effect of topography increased the difference.

A relative trend with depth was determined for each of theratios noted

above. The trends for Yucca Flat and-Pahute Mesa data were compared in

Chapter 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 a maller nmiber of events in the data set and to

the saller range of yields the events represented. There were changes
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in quality of fit as the number of peaks was increased. For PSRV ratios

the better 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 Mesa and one in Yucca Flat were at about the

same distance frm one station (Station 10). There was considerable

azimuthal separation between shots in the two locations as well as

differences in yield. Differences in PSRVs for the vertical component

were noted fran 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 comporant is outward from the source. First motion

of the tangential component is unpredictable and can be either clockwise

or counterclockwise about the source. There was evidence in the Yucca

Flat data that ahere shots were fired sufficiently close together the

first tangential motion would be in the same direction. Relatively

small differences in radial distance fram the source and n 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 generally

a few milliseconds behind that of the vertical component. Except for

Station W-l1 in the case of the Yucca Flat data only, the maximum
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acceleration is usually round in the body wave and the ma.ximun

displacement in the surface wave. Usually, the maEuxfrn amplitude or

the vertical displacement 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 where the surface tangential

displacement was notably larger than that for the radial and vertical

component. All five were in Area 2 and relatively close together, and

the other five were in Areas 4 and 7. The five in Area 2 differed in

their location with respect to both the water table and the alluvium/tuff

interface. Thus there is no indication that the medium in the immediate

vicinity of the detonation causes differences in energy coupling which

contributes to the strong tangential displacements. It is speculated

that there are characteristics in geology in the region or surface wave

formation which contribute the large tangential displacements fron events

in Area 2 which do not exist in the corresponding region with respect to

Areas 4 and 7.

Station 'W-I1 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 effects of topography on

top displacement relative to that at the bottom. Comparison of top and

bottom horizontal displacement as a function of azimuth about the station
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showed that, for the two cases examined, the maxin motion was nearly

tangential, and the minim displacerent was close to the long axis of

Rainier Mesa.

Three categories of surface displacerment were observed on Rainier Mesa:

(1) Amplitudes of vertical, radial, and tangential canponents are

comparable; (2) amplitudes of the vertical camponent are snail relative

to those of the radial and tangential; and (3) amplitudes of the vertical

and radial cnponents are small relative to those of the tangential

component. There was no pattern 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 Dcre Mountain and in Fortymile Canyon, respectively,

were treated as a surface/downhole pair. Analysis for one event cnparlng

ratios of displacement as a unction of azimuth about the stations showed

that the maximm displacement of Dome Mountain was aligned 200 frm a

perpendicular 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 Sam categories at both stations, tending to confirm that the mech-

anisn affecting the relative amplitudes of the three components is not

related to the source enviroDent.

A Note Concerning Yucca Mountain

Of the surface/downhole pairs in the ground motion net, the one at

Rainier Mesa (Station W-9) is in a geology most nearly comparable to the
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geology of Yucca Mountain. Rainier Mesa exhibited topographic effects,

and similar effects would be expected at Yucca Mountain. Them the

effects would be geater for surface stations-on or ear the top of the

mountain than 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 fram 990 to 1280 for shots in Yucca Flat and from 2820

to 3170 for Pahute Mesa events. By contrast, Yucca Mountain has a window

from 590 to 770 for Yucca Flat events and fram 357° to 23° for shots on

Pahute Mesa. We have only recently begun to collect data downhole at

Yucca Mountain, and it will be se 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
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TABLE A-1

Ratios (op/Bottom) for Peak Vector
Acceleration'- 5 Highest Peaks

STATION NUMBER
Plot lOP 4 10 11 3 9 a 15/16 13

Symbol (61m) (130.5m) (342.6m) (345.6.) (416.7.) (431.6m) (570m) (580.1 (762ml
Event
Number

8
11
40
24

3
1

13
16
53
30
36
S
21
2
31
45
26
23
55
39
43
37
50
38

9
42
49
46

No. of.Events
Average

C b
& b
° 1.31
e a

)b
I b

b
d 1.32
b 1.21
a 1.39
a 1.25
a b
m a

b
U 1.22
O a
V 1.10

a
q a
n 1.16
r 1.22
P 1.25
o d

d
k d
x d
f d
t d

1.81
1 .80
b
b

1.56
1.88
1.77
1.70
b
b
b

2.12
b

1.74
b
b
b
b
b
b
b
b
b
b
a
6
b
b

b
b

1.43
a
b
b
b
b

1 .01
1 .48
1.12
b
a
b

1.07
a
a
a
a

1.75
3.17
1.54
*d
d
d
d

d

1.64

b
b

2.63
2.76
b
b
b
a
a

3.24
3.33
b
a
b

2.78
2.60
a
a
a

3.38
3.14
3.02
2.70
3.37
d

1.95
2.76
3.33

14
2.93

1.67
2.38
1.69
1.54
I)
b

1 .65
1.76
1.77
1.85

b
1 .40
b

2.32
1.32
1 .63
1.67
2.36
a

1.13
1.65
a
a

1.84
1.57
1.70
2.51

20
1.77

b
a

2.17
a
b
b
a

2.39
3.14
2.54
2.05
b
a
b

2.87
3.47
2.41
a
a

3.75
a

.3.17
a

3.51
b

3.85
2.62
4.31

14
3.02

b
a
b

b
b
b

3.172
b
b.
b
b
.a
b
b
b
b
b
b
b
b
b
b
b

2. 87
b
b
b

b
b
a
b
b
b
b
b
a

0.94
1.21
b
b
b

1.56
1.34
b
b
a

2.08
2.24
a
d
d
d
d
d

d

b
b

4.75
b
b
b
b
b

4.74
b

3.62
b
b
b
b

5.31
b
b
a

4.75
3.64
4.13
d
d
d
d
d

5.32
10 8

1.24 1.80
2 6 8
3.30 1.56 4.53

R=1.32e 0 012 8da - data inadequate
b - station not installed at
d - station not operated for

aR=I.34
time of event
this event .2 0.409 CL *179 to 1.82

)



TABLE A-2

Ratios (Top/Bottom) for Peak Vector

Velocity - 5 Highest Peaks

STATION NUMBER_ .
. __ . . A . s

Event Pl
Number Syml

8 C
11 
40 C
24 e
3
I I

13 A
16 C
53 t
30 a
36 I
5 a

21 n
2

31 1
45 1
26
23 4
55
39 n
43 r
37 1
50 C
38

9 I
42
49 1
46 1

No. of.Events
Average -

ot ' lop
ebol 161m)

4 10 IR
(130.5m) (342.6m) (345.6m)

3 - 9 a UiIb 3
(416.7m) (431.6m) (570m) (580m) (762.1

b
b

0 1.08
a

IF b
b
b

d -- 1.03
b .I 1.05
k 1.05
I 1.08
I b
I a
F - b
a 1.11
I a
f 1.03

1 *a
I 1.04

1.13
P 1.06
a d
I d

d
C d
t d
t d

10
1.07

1.43
1 .67

b
b

1.33
1.84
1.52
1.56
b
b
b

1.65
b

1.38
b
b
b
b
b
b
b
b
b
b
a
b
b
b

I .55

b
b

2.04
a
b
b
b
b

1.53
2.69
1.69
b
a
b

1.71
a
a
a
a

1.66
2.48
1.73
d
d
d
d
d
d

8
1.93

b
b

2.78
3.09
b
b
b

a
2.38
3.96

b
a
b

4.14
3.47
a
a
a

3.43
3.82
3.00
2.84
3.23
d

1 .88
2.77

' 2.93

14
3.12

1.42
1.69
1.20
1.35

b
b

1.21
1.19
1.30
1.12
a
b

1.14
b

1.16
1.11
1.14
1.14
1.36
a

1.00
1.41
a
a

1.50
1.20
1.95
1.61
20
1.30

b
a

3.11
a
b
b
a

3.74
4.43
3.23
3.43
b
a
b

4.09
4.12
3.21
a
a

4.98
a

4.33
a

4.32
b
a

3.84
5.53

13
4.03

b b b
a b b
b a 1.91
b b * b
b b b
b b b
b b b

2.90 b b
b a 2.27
b 1.75 b
b 2.10 2.15
b b b
a b b
b b b
b 2.10 b
b 1.70 2.b54
b b b
b b b
b a a
b 2.24 2.60
b 3.00 2.46
b a 2.24
b d
b d d

2.47 d d
b d d
b d d
b d 2.80

2 6 8
2.69 2.14 2.37

z 

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

Rn1.360o.103d CaR=. I.5

r2 =0.186 CL R9 0 t2.28 to 2.33
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TABLE A-3

Ratios (Top/Bottom) for Peak Vector

Displacement - 5 Highest Peaks

STATIOO NUMBER
loP _4 0 -O 11 3 9 8 15/16 13 61i) (130.5m) (342.6m) (345.6m) (416.7w) (43l.6aL_(570m) (580) (762m)

Event
Number

8
11
40
24
3
1

13
16
53
30
36

5
21

2
31
45
26
23
55
39
43
37
50
38

9
42
49
46

.Plot

C
a

0
S

d
b

b

U
m

V

q
n
r
p
0
Q

k
x
f
t

-

b
b

1.04
a
b
b
b

0.99
1.01
1 .03
1.05
b
a
b

1.06
a

1.03
a
a

1.04
1.07
1.07

d
d
d
d
d
d

1.37
1.22

b
b

1.12
1.27
1.12
1.30

b
b
b

1.53
b

1.24
b
b
b
b
b
b
b
b
b
b
a
b
b
b

b
b

1.91
a
b
b
b
b

1.40
2.24
1.55

b
a
bA.
1 .53

a
a
a
a

1.46
1 .76
1.68
d
d
d
d
d
d

8
1.69

b
b

2.74
2.81

b
b
b
a
a

2.10
2.73
b
a
b

3.24
2.40

a
a
a

'3.28
3.48
3.42
2.79
3.02

d
2.18
3.44
2.46

14
2.87

1 .03
1.26
1.04
1.04
b
b

1.05
1 .08
1.13
1.00

a
b

1.03
b

1.04
0.93
1.05
0.99
1.30
a

0.97
1 .08
a
a

1.19
1.13
1.35
1.48

20
1 .11

b
a

2.89
a
b
b
a

3.40
3.69
2.76
2.85
b
a
b

3.37
3.03
2.92
a
a

3.17
a

4.10
a

3.67
b
a

4.71
4.51

13
3.47

b
a
b
b
b
b
b

1.99
b
b
b
b
a
b
b
b
b
b
b
b
b
b
b
b

1.52
b
b
b

b
b
a
b
b
b
b
b
a

1.54
1.92

b
b
b

2.12
1.58
b
b
a

2.01
3.22
a
d
d
d
d
d
d

b
b

1.55
b

b
b
b

1.66

Z2.01
b
b
b
b

1.72
b
b
a

2.00
2.02
1.43
d
d
d
d
d

1.75
No. of.Events
Average

1 0 8
1.04 1.27

2 6 8
1.75 2.07 1.77

a - data inadequate
b - station not installed at
d - station not operated for

Rzl.29e 000786d
time of event
this event

r2= 0.110 CL gO" 2.3 5 to 2.40



TABLE A-4

Ratios (Top/Bottom) for Peak Vector

Acceleration - 10 Highest Peaks

i

Event Ploi
Number Symb4

8 C
'11 A
40 o
24 e

3 Y

13 A
16 d
53 b
30 a
36 S
5 U

21 m
2 V

31 U
45 0
26 v
23 4
55 q
39 n
43 r
37 p
50 o
38
9 k
42 x
49 f
46 t

No. of.Events,
Aterage

L
(61m)

b
b

1.32
a
b
b

.h
1.31
1.22
1.37
1.26
b
a'
b

1.23
a

1.11
a
a

1.1)7
1.23
1.26
d
d
d
d
d
d

10 '
1.25

q
(130.5

1.93
1.76
b
b

1.60
1 .89
1.74
1 .65
b
b
b

2.07
b

1.73
b
b
b
b
b
b
b
b
b
b
a
b
b
b

8
1.80

la
im) (342.6m)

b
b

1.46
a
b.

b
b

1.00
1 .50
1.73
b
a
b

1.04
a
a
a
a

1.73
2.95
1.53
d
d
d
d
d
d

.8
1.62

of event
event

I-

I1 3
345.6m) (416.7m)

b 1.68
b 2.43

2.76 1.72
2.83 1.56
b b
b b
b 1.73
a 1.76
a 1.91

3.14 1.96
3.35 a
b b
a 1.61
b b

2.76 2.16
2.55 1.41
a 1.67
a 1.66
a 2.29

3.71 a'
3.03 1.19
3.0i 1.66
2.54 *a
3.27 .a 

A 1.90
2.08 1.49
2.75 1.87
3.26 2.40

4 20
2.93 1.80

.9
(431.6m)

b
a

2.33
a
h
b 
a 

2.41
3.22
2.61
2.14

b
a
b

2.99
3.61
2.42
a
a

3.81
a

3.23
a

3.55'
b

4.00
2.65
4.13

14
3.07

STATION ffUMBER
a

(570m)

b
a
b
b
b
b

b3. 79
b
b
b

a
b
b
b
b
b 
b
b
b
b
b

2.77
b
b
b

2
3.28

15/16
(580m)

13
(762m,

, , . _ _ 

b b
b b
a 4.82
b bir
b b
b b-
b b
b b
a 4.73

1.07 b -
1.35 3.67
b b
b b
b b

1.68 b
1.50 5.35

b b
b b
aa

2.00 4.58'
2.10 3.73
a 4.09
d d
d d
d d
d d
d d
d 5.12

6 8
1.62 4.51

a - data inadequate
b - station not installed at time
d - station not operated for this

R=1 .30e0.00137 d o*1 33

r2 =0.453 CLRgostl.77 to 1.80

00



TABLE A-5

Ratios (Top/Bottom) for Peak Vector

Velocity - 10 Highest Peaks

STATION NUMBER
Event
Number

Plot lOP 4 10 1I
Sybol (61m) (130.5m) 1342.6.) (345.6.a)

3 9 U 15/16 13
(416.71) (431.6) (10O) (580.) 1762m)

11
40
24

3
1

13
16
53
30
36
5

21
2

31
45
26
23
55
39
43
37
50
38
9
42
49
46

No. of Events
Average

C b
A b
o 1.07

a
b

i b
* b
d 1.03
b 1.05
a 1.06
* 1.09
a bm a
v b
U 1.09
a a
V 1.04

a
q a
n 1.05
r 1.12
P 1.08
o d

d
k d
x d
f d
t d

1.50
1.62
b
b

1 . 31
1.74
1.52
1.53
b
b
b

1.56
b

1 .40
b
b
b
b
b
b
b
b
b
b
a
b
b
b

b
b

2.08
a
b
b
b
b

1.53
2.52
1.71
b
a
b

1.69
a
a
a
a

1 .67
2.32
1.77
d
d
d
d
d
d

8
1.91

b
b

2.58
2.84
b
b
b
a
d

2. 34
3.4 7
b

a

3. 78
3. 57

a
a
a

3. 93
3.67
3.10O
2.82
3.25
d

1. 90
2.86
2.91

1 4
3.07

1.27
1 .49
1.18
1.26
b
b

1.23
1 .20
1.30
1.17
a
b

1.18
b

1 .25
1 .09
1.20
1.15
1.33
a

1.02
1.36
a
a

1.49
1.23
1.87
1.60

20
1.29

b
a

2.90
a
b
b
a

3.46
4.55
3.12
3.47
b
a
b

3.95
4.06
3.24
a
a

5.20
a

4.51
a

4.53
b
a

3.96
5.21

13.
4.01

b b b
a b b
b a 2.23
b b b
b b b
b b b
b b b

3.14 b b
b a 2.55
b 1.67 b
b 2.18 2.36
b b b
a b b
b b b
b 2.13 b
b 1.65 2;62
b b b
b b b
b a a
b 2.16 2.55
b 2.63 2.69
b a 2.45
b d d
b d d

2.49 d d
b d d
b d d
b d 2.84

2 6 8
2.82 2.07 2.53

10 8
1.07 1.52

a - data Inadequate
b - station not installed at
d - station not operated for

R=1.32e0 .0 0 1 1 0 d trR-tI.50
time of event
this event r2 =0.208 CLRgO=t2.27 to 2.31



TABLE A-6

Ratios (Top/Bottom) for Peak Vector

Displacement - 10 Hghest Peaks

STATION NUMBER
Event P1
Number Syr

8
11
40
24
3
1

13
16
53
30
36
5
21
2
31
45
26
23
55
39
43
37
50
38
.9
42
I49
46

No. of.Events
Average

* _ _
lot
mbol

C
A

a

j

d
b
a

m

V

q
n
r
p
0

x
f
t

lOP
(61m)

b
b

1.04
a
b
b
b

0.99
1.01
1.04
1.05
b
a
b

1.04
a

1.04
aa

1 .04
1.07
1.08
d
d
d
d
d
d

10
1.05

-4-
(130.5m)

1.34
1 .23
b
b

1.11
1.31
1.15
1.24
b
b
b

1.47
b

1.26
b
b
b
b -
b
b
b
b
b
b
a
b
b
b

8'
1.26

10
I342.6m)

b
b

2.01
a
b
*b
b
b

1.39
2.21
1.52
b
a
b

1.53
a
a
a
a

1.41
1.71
1.66
d
d
d
d
d
d -

8
1.68

11- 3 9
(345.6m) (416.7m) (431.6m)

B 15/b1 13
(570m) (580m) (762m)

b
b

3.26
2.57

b
b
a
a

2.58
2.86
b
a

3.04
2. 32
a
a
a

3.77
3.04
3.76
2.77
3.02
d

2.19
3.32
2.48

14
2.03

1.06
1.21
1.06
1.06
b
b-

1.04
1.07
1.14
1.01
a
b

1 .06
b

1.09
0.90
1.07
1.01
1.27
a

0.96
1.04
a
a

1.24
. 1.11
1.39
1.48

20
1.11

b
a.

3.01
a
.b
b
a

2.96
3.93
3.00
3.08
b
a
b

3.75
3.10
2.86
a
a

3.55
a

4.23
a

3.72
b
a

5.02
4.08

13
3,56

b
a
b
b

-b
b
b

2.26
b
b
b
b
a
b
b
b
b
b
b
b
b
b
b
b

1.60
b
b
b

b
b
a
b
b

. b
; -b
b
'a
1.60
2.00
b
b
b

2.13
1.54
b
b
'a
2.03
2.77
a
d
d
d
d
d
d

*b
*b
1.64

bb

1.79
b

.2.04
'!b
*b
..b
b

1.78
b
b
a

2.07
:2.12
1.58
d

d
d
d

1.92

2 6 8
1.93 2.01 1.87

a - data inadequate
b - station not installed at
d - station not operated for

time of event
this event

RI7e0.1000850d 4 t.5
R=1.28e CR0t 3 53

r2=0.123 CL~90zti2.37 to 2.42
co
w.



OD

TABLE A-7

Ratios (Top/Bottom) for Peak Vector

Acceleration - 20 Highest Peaks

STATION NUMBER
Event
Number

Plot lOP
Symbol (61.)

4 10 1 3 9 a 16/16
(130.5w) (342.6m) (345.6.) (416.17) (431.6m) (570.) (580.)

13
(762m)

8
11
40
24

3
I

13
16
53
30
36
5
21

2
31
45
26
23
55
39
43
37
50
38

9
42
49
46

No. of.Events
Average

C b
a b
o 1.33
o a
v b
I b

A ~b
d 1.28
b 1.24
* 1.38
* 1.23

e b
m a
v b
U 1.25
a a
V 1.17

a
q a
n 1.15
r 1.21
P 1.28

d

k d
x d
f d
t d

2.00
1.74
b
b

1.59
1.89
1.74
1.58
b
b
b

2.05
b

1.73
b
b
b
b
b
b
b
b
b
b
a
b
b
b

b
b

1.51
a
b
b
b
b

1.02
1.50
1.68
b
a
b

1.03
a
a
a
a

1.71
2.72
1.53
d
d
d
d
d
d

8
1.59

b
b

2.85
2.92
b
b
b
a
a

2.91
3.40
b
a
b

2.76
2.45
a
d
a

3.78
3.38
3.11
2.59
3. 19.
d

2.50
2.63
3.22

14
2.98

1.72
2.39
1.65
1.57
b
b

1.71
1.74
1.97
1.98
a
b

1.67
b

2.00
1.49
1.65
1.42
2.19
a

1.20
1.69
a
a

1. 90
1.47
1.98
2.29

20
1.78

b
a

2.46
a
b
b
a

2.58
3.34
2.74
2.18
b
a
b

2.95
3.68
2.37
a
a

3.95
a

3.18
a

3.49
b

3.96
2.82
4.01

14
3.12

b
a
b
b
b
b
b

3.75
b
b
b
b
a
b
b
b
b
b
b
b
b
b
b
b

2.46
b
b
b

b
b
a
b
b
b
b
b
a

1.21
1 .40
b
b
b

1.76
1.57
b
b
a

1.81
1.99
a
d
d
d
d
d
d

b
b

4.88
b
b
b
b
b

4.66
b

3.62
b
b
b
b

5.31
b
b
a

4.34
3.89
4.05
d
d
d
d
d

5.01

10 8
1.25 1.79

2 6 a
3.11 1.62 4.47

R=1.3OeO.0 0 136da - data inadequate
b - station not installed at
d - station not operated for

'Rt 1 .34
time of event
this event 2 =0.437 CL RgO*1.80 to 1.82



TABLE A-8

Ratios (Top/Bottom) for Peak Vector

Velocity - 20 Highest Peaks

Event F
Number SY

8
11
40

* 24
3* I

13
16
53
30
36
5

21
2
31
45
26
23
55
39
43
37
50
38

9
42
49
46

No. of Events
Average I

1
FMn

C
I

C
E

I

C

1

I
a

.C

r
0
U

t

ot loP
bol (61m) (130.5m)

1.58
b 1.59

1.07 b
a b
f b 1.26
b 1.65

b , b 1.44
d l.02 1:46

1.05 b
1.07 b
1.08 b

b 1.55
n a b

b 1.42
1.09 b
a b

1.05 b
'a b
a 6 b

1.06 b
1.12 b
1.09 b

d b
d a
d b

d b

10 8
1.07 1.49

STATION NUMBER
10

(342.6m)

b
b

2.16
a
b
Ib
b
.b
1.56
2.40
1.73
b
a
b
1 .64
a
a
a
a

1.78
2.28
1.84
d
d
d
d
d
d

8
1.92

I1 I 3 9 8 15/16 53
(345.6m) (416.7m) (431.6m) (570m) (580m) (762m)

b
b

2.61
2.81
b
-b
b
a
Ia
2.65
3.32
b 
a
b

3.57
3.37
a
a
a

4.59
3.65
3.44
2.98
3.36
d

2.35
3.01
3.17
14
3.20

1.20
1.48
1.22
1.25
b
Ib
1.20
1 .26i
1 .36

.9

a

b.
1 .6
Ib
1.33
1.08
1.19
1.16
1.33
- a

1.04
1.32

a
a

1.~45
1.28
1.79
1.60
20
1.30

b
..a
2.95
a
b
b
a

3.32
4.78
3.07
3.65
b

a
b

4.18
4.11
3.20
a
.ar ~

5.24
a

4.55
a

4.41
b
a
3.98
4.94

13
4.03

b
a
b
b
b
b

b3.29

b
b
b
~b
a
b
b
b
b
b
b
b
b
b
b
b

2.62
b
b
Ib

2
2.95

b
6
a

b
b
b
b
a

1.70
2.19
b
b

b

2.17
1 .69
b
b

a

2.05
2.40

a
d
4
d
dd
d
d

6
2.03

b

2.83

b
b

2b86b

2.70
b
b
b
b

b
b
a,

2.62
2.57
2.67
d
d
d
d
d

2.99
8
2.78

a - data inadequate
b - station not installed at
d - station not operated for

time of event
this event

000120dR=1.29e ° 1 R0 '1.51

2r 0.232 CLR90't2 .29 to 2.32

co



TABLE A-9

Ratios (Top/Bottom) for Peak Vector

Displacement - 20 Highest Peaks

STATION NUMBER
Event
Number

Plot lop
Sywbol 161.1

4 10 11 3 
(130.5m) (342.6m) (345.6m) (416.7.)

9 U /lbilb Li
(431.60) - (70IL- (580m) (762m), _ _ . z _ * _,

8
11
40
24

3
1
13
16
53
30
36
5

21
2

31
45
26
23
55
39
43
37
50
38
9

42
49
46

No. of Events
Average

C b
ab
o 1.06
* a
IV b
i b
& b
d 0.99
b 1.01
a 1.02
* 1.06

m a
xV b
U 1.05
a a
V 1.04

a
q a

1.02
r 1.07
P 1.11
o d

d
d

x d
f d
t d

1.32
1 .24

b
b

1.10
1 .33
1.17
1.22

b
14
b

1.44
b

1.26
b

b
b
b
b
b
b

b

a
b
b
b

b
b

2.09
a
b
b
b
b

1.41
2.13
1.51
)
a
b

1.50
a
a
a
a

1.44
1. 73
1 .66

d
d
d
d
d
d

8
1.68

b
bI

3.62
2.54

b

bb
a
a

2.91
2.86

b
a
b

3.05
2.63

a
a
a

4.04
3.02
3.73
2.82
3.04

d
2.39
3.10
2.70

14
3.03

1.09
1.17
1.09
1.09

b
b

1.04
1.07
1.17
0.97

a
b

1.12
b

1.11
0.95
1.05
0.99
1.24

a
0.98
1.04

a
a

1.29
1.13
1.37
1.46

20
1.12

b
a

3.27
a
b
b
a

3.03
4.11
3.35
3.56
b
a
b

4.15
3.58
3.00
a
a

3.83
a

4.29
a

3.73
b
a

5.06
3.98

13
3.77

b
a
b
b
b
b
b

2.40
b
b
b
b
a
b
b
b
b
b
b)
b
b
b
b
b

.1.70
b
b
b

b
b
a
b
b
b
b
b
d

1.81
2.04
b
b

2. 56
1.64
b
b
a

2.15 .
2.53
a
d
d
d
d
d
d

b
b

1.64
b
b
b
b
b

1.93
b

2.23
b
b
b
b

1.1
b
b
a

2.14
2.31
1.84
d
d
d
d
d

2.04
10 8
1.04 1.26

2 6 8
2.05 2.06 1.99

a - data inadequate
b - station not installed at
d - station not operated for

R=l.27eO°0 0 0 9 3 6 d
time of event
this event 2r =0.138 CR90O*2.44 to 2.55



.. 1: TABLE A-10

Ratios (Top/Bottom) for Peak Vector

Acceleration - 25 Highest Peaks

STATION NUMBER
* Event

Hoomhor
Plot loP 4 10

Symbol (61m) (130.5.) (342.6m)
11 3 9

(345.6m) (416.7m) (431.6m)
8 15(16 13

(570m) (580m) (762m)---,,f 
8 C

40 0
24 0
13

13 A
16 d
53 b
30 a
36 r8

5 a
21 m
-2 1
31 U
45 0
26 V
23 
55 q
39 n
43 r
37 p
50 0

38 d
9 k

42 x
49 f
46 t

No. of Events
Average

b 2.03
b 1.75

1.33 b
a b
b 1.59
b 1.89
b 1.73

1.27 1.59
1.24 b
1.38 b
1.23 b

b 2.03
a b
b 1.73

1.24 b
d b

1.18 b
a b
a b

1.15 b
1.21 b
1.27 b

d b
d b
sd a
d b
d b
d b

10 8
1.25 1.79

b
b

1.53
a
b

*b
b

ib
1.02
1.50
1.66

b
a

-b
1.02

a
'a

a
! 'aa
1.70
2.65
1.53

d
d
d
d
d
d

8
1.58

b
b

2.88
2.82

b
b
b
a
a

2.89
3.44

b
a
h

2.77
2.47

a
a
a

3.79
3.42
3.19
2.67
3.17

d
2.64
2.59

,3.17
14
2.99

1.72
2.39
1.63
1.56

b
b

1 .73
i .73
1.96
1.96

a
b

1 .68
b

1.97
1.52
1 .66
1.39
2.15

a
1.22
1.70

a
;a
1.89
1.47
2.06
2.25

20
1 .78

b
a

2.51
a
b
b

- a
2.63
3.41
2.79
2.24

b
a
b

2.92
3.65
2.36
a
a

3.96
a

3.20
a

3.45
b

3.96
2.91
3.99

14

b b
a b
b a
b b
b b
ib b
b b

3.64 *b
b a
b 1.26
b ;1.38
b b
a b
b b
b 1.76
b 1.57
b b
b b
b a
b 1.76
b 1.98
b a
b d
b d

2.37 d
b d
b d
b d

2 6
3.01 1.62

b
b

4.83

- b
b,
b

4.64
b

3.63
b
b
b
b

5.26
b
b
a

4.26
3.99
4.03
d
d 
d
d
d

5.02
8
4.46

a - data inadequate
b - station not installed at
d - station not operated for

time of event
this event

R-1. 3 le"uulSU aJ *1.34

r -0.429 CL 9 otI.81 to 1.83

-



TABLE A-11

RaLios (Top/Bottom) for Peak Vector

Velocity - 25 Highest Peaks

STATION NUNGER
Event
Number

Plot lOP 4 10 11 3 9 8 15/16 1V
symbol (61.) (130.5m) (342.6w) (345.6a) (416.iuj (43!.6. (510.) (580.) (762.)

8
11
40
24
3
I
13
16
53
30
36
5

21
2
31
45
26
23
55
39
43
37
50
38
9
42
49
46

No. of.Events
Average

C b
A b
o 1.09
e a
Y b
I b

& b
d 1.02
b 1.05
a 1.07
a 1.08
* b
m a
v b
U 1.09
a a
V 1.05

a
q a
n 1.06
r 1.12
P 1.09
o d

d
ki d
x d
f d
t d

1.64
1.59
b6

1.26
1.65
1.43
1.44
b
b
b

1.55
b

1.42
b
b
b
b
b
b
b
b
b
b
a
b
b
b

b
b -

2.18
a
b
b
b
b

1.56
2.35
1.77
b
a
b

1 .63
a
a
a
a

1.80
2.27
1 .89

d
d
d
d
d
da

8
1.93

b
b.

2.57
2.81
b
b
b
a.
a

2.71
3.27
b
a
b

3.67
3.30
a
a
a

4.81
3.74
3.47
3.09
3.43
d

2.49
3.02
3.23

14
3.26

1.19
1.49
1.25
1.27
b
b

1.17
1.25
1.41
1 .20
a
b

1.20
b

1.38
1.10
1.18
1.19
1.33
a

1.09
1.31
a
a

1.45
1.31
1.77
1.59

20
1.31

b
a

2.97
a
b
b
a

3.30
4.69
3.09
3.75
b
a
b

4.27
4.18
3.18
a
a

5.14
a

4.48
a

4.36
b
a

4.03
4.91

13
4.03

b
a
b
b
b
b
b

3. 29
b

b
b

a
b
b
b
b
b
b
b
b
b
b
b

2. 58
b
b
b

b
b
a
b
b
b
b
b
a

1.76
2.21
b
b
b

2.19
1.12
b
b
a

2.05
2.34
a
d
d
d
d
d
d

b
b

3.01
b
b
b
b
b

2.99
b

2.51
b
b
b
b

2.70
b
b
a

2.69
3.09
2.75
d
d
d
d
d

3.05

10 8
1.07 1.50

2 6 8
2.93 2.04 2.89

a - data inadequate
b - station not installed at
d - station not operated for

R=1.29e0.00123d uRstlI.51
time of event
this event 2=0.242 CLRgO 2.29 to 2. 33



TABLE A-12

Ratios (Top/Bottom) for Peak Vector

Displacement - 25 Highest Peaks

STATION NUMBER
Event
Number

Plot 1OP
Symbol (61m)

4 10 11 3 9 8
(130.5m) (342.6m) (345.6m) (416.7m) (431.6m) (570m)

15/16 13
(588m) (162m)

B
11
40
24
3
1

1 3
16
53
30
36
2
21

31
45
26
23
55
39
43
37
50
38

9
42
49
46

C b
A b
o 1.06

a
T b
I b

A b
d 0.99
b 1.01
a 1.02
a 1.06
a b.

a
n b
U 1.05
a a
V 1.05

4 ~a
q a
n 1.02
r 1.07
P 1.11
o d

d
k d
x d
f d
t d

1.35
1.24

b
b

1.11
1 .33
1.18
1.23
h
b
b

1.43
b

1.27
b
b
b
b
b

b
b
h

a
b
b
b

b
b

2.13
a
b
b
b
b

1.41
2.08
1.51

b
a

1 .50
a
a
a
a

1.46
1.73
1.70

d
d
d
d
d
d

8
1.69

b
b

3.63
2.53

b
b
b
a
a

2.96
2.91
b
a
b

3.05
2.12

a
a
a

4.12
3.06
3.71
2.90
3.11

d
2.43
3.08
2.90

14
3.08

1.10
1.16
1.10
1.09
b
b

1.04
1.07
1.16
0.97

a
b

1.18
b

1.12
0.97
1 .05
0.98
1.24
a

0.99,
1.04

a
a

1.29
.1.14
1.37
1.46
20
1.13

b
a

3.32
a
b
b
a

3.12
4.21
3.47
3.69

b
a
b

4.33
3.70
3.01

a
a

3.92
a

4.35
a

3.77
b
a

5.04
3.9n

13
3.84

h
a
b
b
b
b
h

2.38
b
b
b
b
a
b
b
b
b
b
b
b
b
b
b
b

1.69
b
b
b

2
2.03

b b
b b
a 1.64
b b
b b
b b
b b
b b
a 2.02

1.84 b
2.02 2.30

b b
b b
b b

2.12 b

1.70 1.94
b b
b b
a a

2.21 2.19
2.54 2.38
a 1.91
d d
d d
d d
d d
d d
d 2.10

6 8
2.07 2.06

No. of.Events
Average

10 8
1.04 1.27

a - data inadequate
b - station not installed at time of event

co d - station not operated for this event

%0
CD

R=1.26e0.000970d vfR 2*1.56

r2 =0. 144 CLRgO9* 2 . 4 6 to 2.51
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