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GROUND MOTION IN THE VICINITY OF THE POTR&LLO EVENT (C)

Jerald W, Long
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Sandia Laboratories
Albuquerque, NM 87115

ABSTRACT (C)

Surface motion was measured at seven stations on the Potrillo
event for the Round Robin program, with all gages providing
complete records. At one station there may be an error in
calibration for two of the three gages. Analysis of signal ar-
rival times showed an unusualtrend with a constantly changing
velocity between stations. With the exception of one station,
the attenuation rate of the data fits a straight line very weil,
Analysis of spall by two different methods leaves the limit of
spall in some doubt,




PREFACE

If a nuclear detonation occurs too near the ground surface, there is a possibility of radio-
active gases escaping into the atmosphere. All tests are planned to be conducted at sufficient
depth to preclude such venting, If venting should occur despite t{iese pi‘ecautions, surface ground-
motion information would be useful in investigations of the cause of venting. The Rcund Robin pro-
gram was. conceived and implemented t~ record surface motion. Data arec reduced and presented
even for shots that did not vent, because the information provided, together with that from other

events, provides a better understanding of the effect of geologic structure on surface motior,
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THE ROUND ROBIN PROGRAM: )
GROUND MOTION IN THE VICINITY OF THE PO}‘RILLO EVENT

Introduction

Potrillo was detonated on June 21, 1973, at a depth of 1865 feet in Boring U7af at the Ne = ia
Test Site, Seven Round Robin stations were located on a bearing of 180° at nominal distances ot 50,
932, 2000, 3000, 3500, 4000, and 8000 feet. Station S-Z, at a distance of 50 fect, was oriented to
respond only to vertical motion. All other stations were oriented to respond to vertical, radial,
and tangential motion. The cannisters at the 3500~ and 4000-ft stations were ﬁnusual in that they
did not contain the normal vertical accelerometer and three velocity gages, one in each plane. In-

stead, these two cannisters contained three accelerometers, one in each plane. Data from these

seven stations are permanently stored on Sandia tapes 16891 and 16647 and are plotted in the appen-

dix, Table Ilists times and amplitudes for the major peaks as well as the arrival times of the sig- -

nal at each station, Table II lists gage location and elevation information,

Gage Performance

All gages recorded data continuously ar- where necessary were adjusted to allow velocity to
return to zero and displacement to become constant, Overlays of vertical displacement at those
stations having two or more vertical motion measurements show that in all cases the gages were
in good agreement as to the motion seen (Figures 1 through 5). Unfortunately, only one vertigal
motion measurement was made at stations S-3500 and $-4000, and at station S-4000 there appears
to-have been some problem.. A second vertical motion measurement at this station would-have »
made the analysis of the problem easier and the conclusion more certain, The problem is that the
vertical accelerometer appears to be reading about half of what would be expected and the radial
accelerometer appears to be reading about double what would be expected, Evidence revealing

this problem will be seen as we proceed with analysis of the data,

Signal Arrival Times
A plot of {irst signal arrival times versus slant range (Figure 6) rcveals that the signal

apparently did not follow the same path to each station because the velocity between stations con-

stantly changed. This arrival time curve is unusual and is probably an indication of the geologic
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structure beneath the gage line. Unfortunately, a north-south geologic cross section is not pres-

ently available, but if it were the data would indicate the existence of a horst similar to that seen

in the east-west geologic cross section shown in Figure 7,

Signal Characteristics

The change in signal at progressively farther ground ranges .may be scen by examining Fig-
ures 8 through 14 where acceleration, velocity, and displacement in the vertical plane and velocity
and displacement in the radial and tangential plane are plotted to a constant scale in cach presenta-
tion. Close scrutiny of Figure 8, where the vertical accelerations are plotted, shows that spall . ’ .
certainly extended beyond station S-3500 and, if the amplitude of station $-4000 were double what .
it is, the -1 g acceleration would also be apparent at that station and would verify spalling past A
that point. An expansion of the acccleration record of station $-4000 (Figure 15) during this peri-
od verifies not only that there was the expected flat portion but that its amplitude was about 0.5 g,

or just half of what would be expected.

The first acceleration peak at station S-932 is noticeably higher than the corresponding peak
at station S-Z, a reversal of the trend normally seen. This phenomenon is possibly due to the di-
rect signal and a refracted signal reaching that station at about the same time so as to produce an
additive effect, The dual peaks during the positive acceleration phase at station S-Z and the fact
that only one peak was seen aaring this period at station S-932 would tcnd to substantiate this

theory.

At about 0.8 second an acceleration pulse may be seen at station S-Z and station S-932,
There is a similar pulse at about 0,65 second at station 5-2000. In each case, this pulse occurred
at a time when the motion of the gage was still upward, precluding the possibility of this being a
spall closure caused by.the top spalled layer coming down, If this is a reflection from the bottom
of the spalled layer, the times involved would put spall separation at a depth of over 1200 feet, an
unlikely event, If the geologic cross section beneath the gage line were known, it might be possi- ¢

ble to speculate on the cause of this pulse, but at this time the cause is unknown.

At about 1.28 second, a sharp spike may be seen at station S-932 with a corresponding spike
at about 0,98 second at station S~-2000, At station S-Z a very weak pulsc may be seen at about 1.36
seconds, but since the displacement is around 40 inches at this time at that station, it is unlikely

that this pulse is related to the other two. At about 1.7 seconds there is another pulse at station

S-Z which appears to correspond better to the pulse at the other two stations even though there is )
nn <harp spike at station S-Z. The absence of a sharp spike at station S-Z is not unusual and is
probably caused by the high porosity of the material directly over the shot point due to the explo-

sion, The pulses mentioned occur when the displacemeant curves show that the gages had f-“len
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far enough so that they were at or near their original vertical position, thus indicating that this is

the main spall closure signal received at the surface.

The "stacking' . .adial velocity plots (Figure 11) shows tiat there is a definite similarity
in the radial motions seen at all stations although there are also interesting differences prior to *
the peak velocities, Note that the radial velocity for station S-4000 is higher even than the veluci-
ty seen at station §-2000. Although there is only a little similarity in the tangential velocity traces
(FPigure 13), the amplitudes seen at station S-4000 are entirely credible in comparison with those
seen at the other stations. Close examination of Figure 13 reveals that the trace at station S-3000
appears to be similar to the traces at station S-3500 and 5-4000 except that it moves in the oppo- ~
site direction. Since this could have been the result of an error in 'calibration, this possibility was

checked; no error was found.

Signa), Attenuation

Log-log plots of first vertical acceleration, velocity, and displacement peaks (Figure 16)
show that except for station S-4000 and the accelerativn peak at station S-932, the attenuation rate
is well defined by the data. In an effort to determine why station S-400C is so consistently differ~
ent from what would be expected, all data reduction procedures and calibration values were re-
viewed. No errors were found. Log-log plots of first radial velocity and displacement peaks
(Figure 17) show that except for station S-4000 the deviation from a straignt-line fit is minimal,
A log-log least squares fit to the vertical and radial data is shown on both figures with station S~
4000 not included in the fit. It is perhaps important to note that the same gages used at station S-
4000 were also used on Rio Blanco (before Potrillo) and Grove (after Potrillo), and analysis of the
data in both cases showed the gages to be performing normally. In the case of the vertical accel~
eromet*er, doubling the amplitudes for station S-4000 gives values in line with the other stations,
In the case of the radial accelerometer, the values for station S-4000 fall in line if the recorded
amplitude is divided by 2.

Surface Motion

Hodographs of vertical versus radial displacement arc presented in Figures 18 throuéh 23,
radial versus tangential displacement in Figures 24 through 29, and vertical versus tangential djis-
placement in Figures 30 through 35. The vertical versus radial hodographs cveal the familiar arc
seen as the gage moves up and away from the shot point during the first second after signal arrival,
In this set of data, the arc is plainly visible at all stations, even the farthest station at a ground

range of 8000 feet, Here again, however, the excessively high radial digplacement and low vert: -

cal displacement at station S-4000 give the hodograph for that plane at that station an unusually =
! _ :
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clongated look (Figure 28). Hodographs for station S-2000 are also unusual in that there appears

to be an ev<essive amount of residual tangential displacement (“If’igures 25 and 31).

Spall Analysis

Indications of spallation, or the parting of two ur more of the near-surface layers above a
contained underground explosion, have been noted on surface-motion recorde for many years and
have 12d to the observation that if spall occurs beneath a surface-motion accelerometer, the gage
normally records a period of free fall by reading a constant -1 g of acceleration for a period of
time. In “he case of the Potrillo eveut, this phenomenon may clearly be seen on all vertical accel-
eration records out through station S~3500. Station S-4000 also shows this phenomenon if an error
was made somewhere, cauging the vertical accelerometer at that location to read low by a factor
of two. This method would indicate that spall occurred at least out past 3500 feet ground range and
possibly bevond 4000 feet.

Another way to estimate the li'nit of spall is to compare signal arrival times at the various
stations with the arrival time of the signal indicating that the spalled layers have come back to-
gether, the interpretation being that where the two curves become substantially parallel is the
point at which spall ended, In Figure 36 these two factors are plotted versus grou i rénge. In
the case of stations S-4000 and S-8000, the end of the negative acceleration peak was used as the

best indication of receival of a spall closure signal, This method would indicate that spall ex-

tended no further out than 4000 feet and possibly only as far out as 3000 feet.
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Signal Arrival Times and Major Peaks
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TABLE I (cont)
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AMRIVAL TIME= .462  +5358  S.617€-01 27370 ~7.614E-08 «7620 -7.585E-01 1.7820 -9,437F-01 1.1947 =7.102€-01

1.2160 -8.037E~01

e S.984E-01
7 - *

43430 -3.881E-01

1.2320 ~7.6427E-01
1.9340 ~1.834E000
2.8530 -1,555E+00

12450 -8.401E-01

2.8630 -1.536E+00

S-2008UT  OISPLACEMENT INCMES

$610 2.767E-01
T.4280 ~4.89%Es01

S-3908AYLO ACCELERATION G S

2.1270 -9.581E-01

1.2670 =7.4565-01
2.2590 =1.174E+8G
3.0560 ~1.4257¢30

1.3163 -3.353€-01
203480 ~9,611E-01

3.249) -1.546E+00

1.5880 -7.895€+00

B.3470 ~4.862€E401 92,3200 -%.933€¢01

1.7710 -7.129€¢00

53743
9.315¢C

~4.5752¢01
“h 8318401

ARRIVAL TIME= .525 <6333 2.157E+00 26383 ~1.0%6£4+09 1395  4,2636000 7 - - .80%5 8.385E-01
L o 8275 -3,251€-31 B57) -6.561F~02 -8980 -3,163E-31 ¢3R5 1.350€6-01 970 -7.7356-02
PSR 1,060 Y4.4G63E-01 1.7935 3.239€-01 1.1130 S.200E-01 1.33%5 ~4.,623€-01 1.5365 ~,136E-02

e 1.5673 -1.526€-01 1.6250 4.049E=-01 1.865G -3,163E-01 2.310% 2.)165-01 -
$-36004AYLD VELOCITY FT/3EC e __
<4 375 =3.972E-11 L7505 T.771E~G2 «7330 ~1.110E+00 L8135 -8,38Ac-01
,,,,,, 29135 -1.413Fe3) L3405 -1.357€400 -9615 -1,387E400 1.2720 1.439€400 1.5890 ~3,166E-01
1.744C 3.57RE-41 1.3755 =9.074¢6-11 2.0965 -6,320€-01 2,175 ~6,1726-01 2.5415 " 4,705£-01
2.7810 1.2A8E-01 . 2.9850  3.703E-01 J.6060 -L,526E-01 C4.3715 L.155E-0% 4.55%3 -2.827€-01
S.7A35 1.673€-31 642395 =1.1685-01 6§.6195  2,198€-01 7.0883 -3.2i7€<02
3-3333AVL0 OISPLACEMENT [4CHE T T T
W725) _3.697¢3) 1.1195 -8.132€-31 1.64277 2.502€+09 1.57%3  A,236E5-01 £.8320 1.279E+00
2adlk] -1,837E¢03 301422 7.4538-01 3.7195 -1,235E¢30 4.3210  9.6R55-01 4.3159 =4, 9336-02
640060 1.365€490 5.3375° 1.5075490 ©.978C 2,3176+17 7.6250 1.,9317¢00 3.2703 2.47TE+DD
1.9%3502)

ERY-R S AA
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TABLE I (cont)

3.0260 ~4.121€-32

3.0430 -7.457€~03

“s-3530av

VELOCTTY

5315 5.037€-02

FTI)D

6475 | 2.367E400
+8855 -6.111E~-GL

2421895 -4 LZE-01
4.1965 . §.157E-)1

1.536) -2,261F-01

7685 -9.0635-91
s9185 -3.9M4E-2)
1.5425_ +3.2598£~-11

2.5465 G.336E-31

4,6605 -2,055¢=-01

3.1265 -9.905€-02_

L7880 -6.237E-01

3.1649) ~4.121E-02

NboBe
GAGE NO. _GAGE TYPZI PEAK TINF PEAC A4P DPIAK TIME PEAX AMP PFAC TINE PEAX AMP PEAK TIME PEAK AMP  PFAX TIME PEAX AMP
S-30Q0Uy  VELOCIIY FY¥/SEC e e o T e e
ARRIVAL TIMEz .537 10155 3.701E400 <795 -1.136E+30 .8235 -3,354€-11 23155 =1,5136¢08  1.2685 1,662E+30
: 1.53875 ~1.153€+40 1.76415 3.630€-01 1.9655 -1,C13E+3D 2.0965 -5.165E-01 241605 =7.027€-01
2.5495 5,515F-31 2.7695  1.539€-31 2.9535 6,332€-01 3.4585 -5.909F-01 4.0415  4.332E-01
X 4.5245 -3.763E-0L 5.6676 1,353c-31 6.2215 -2.195E-01 6.5725 1.911F-01 7.3335 -1.06%€-01
7.A705 A4.872€-02 9.4455 ~1.06%E-01 :
S-3Q33uv OISPLACEMENT TI4CHES -
L2648 U4 N43E221 1.1125 -4.912E-01 1.642565 3.471E+00 1.6825 1,308€+00 1.8315 1.721E+00
2:3325 -1,812F+00 3.1375  §.2336+00 X.7256 -4, 076F+ 00 4,3805 1,330€¢00 4.9765 -3.468€-01
L 5.9535 4,593E-01 6.4395 -2,7506-31 6.9135 G.067E-01 7.4695 -1.5G5F-02 9.2945 3.865€-01
3.7815 -1.735€~032
S-3088UR  VELOGITY FT/SEC
JARRIVAL TIMEZ 550 26545 6.1U3E-01 L7343 S,969F-01 1.0905  3.465€400 1.6285 -4.1805¢00  1.9795 S.185E~-01
2.2435 -6,452€-01 2.7h75 T.451E-01 3.0125 1.088E-01 3.2395 6.,361€-01 3.5455 -1.353E-01
- e e s 3.6955 _-8.733€E-02 4.1765 -6,147E-01 5.0285 2.003€-01 6.9695 -3.270€-01 T.4315 3.043E-01
$=3890UR  ODISPLACEMENT INCHES .
5 . 1.8365 &8.635€-02 2.1%35 1.099E+00 ~2.841€~ 3.4565 &.633€400
e 403885 1.552€¢00 63315  2.552F+00 7-2295 8,412€-01 T.9765 2,133E+00 el
S=300QUT____VELOCKYY FI/S€C . . . A ; T e i
ARRIVAL TIME= ,552 7435 1,422E-01 24215 -1.988E-04 <8575 -1,711€-01 29365 -3.554E-01 .9695 -3.278E-01
1,147% ~1,047€400 1.5635  1.239k+60 2.0715 -4,614E-01 2.2285 -2,487€-01 2,2685 -2.993E-01
2.4645 4,656E-01 2.7725 -3.040E-01 3.0445 -5,515E-02 3.1965 -1,.611€-01 3.7435 6.176E-01
442445 -4,330E-01 624935 -1.391F-01  4.5915 -2,947E-08  S5.1735 1.568E-01  5.3595 -4.4e7E-03
5.6945  3.688€E-01 6.8965 -2.312E-01 7.6975 2.76HE-01 39,1735 -1 65TE-01 79,6135 1.568E-01
S-3800UT  DISPLACSMENT INCHES , ToirmTmmn o
27865 1.2€8€6-01 1,3135 -2.922€+00 1.8215  1.L25E400 2.3615 ~4,6266-01 2.6315 3.771€-0i
3.3715 -1.051£400 4.0235 1.602E+00 4.9955 -1,073E+00 €.0485 B8.972£-01 7.2965—<1.055E¢00
___________________________ $.3375 6.855E-0) 9.4515 -4,520E-01 i N
§-3500AV__ ACCELERATION 6 S . o - il
ARRIVAL TIME=z  g59 20E8 = - <7765 1.021E403 T.7920 -t1.694E-01 3105 6.115E-01
JA57% -2.417F-01 -8935  3,608E-01 L7559 -3,183€-01 1.3200 2,259F-01 1.0545 ~5.506E-03
1.1270  4.242E-01 1.1305 1.921€-01 1.2375 3.317E-01 1.4400 -3,333E-01 1.5185 1.005€E-01
. e 1.5535 -1.164E-31 1.6050 8.125€~02 1.6210  3.305€-02 1. 6620 2.451F-01 1,725 -1.212€-01
1.A195 -5.853E-02 1.9937 -2.851€-01 2,0500 1.963€-01 L1340 -3.4435202° 7 72,1680 1.859E-02
2.2250 -6.,343F-02 2.3398 1.6126-01 2.4475 6,L83E-02 vz_@sqn 1.227€-04 2.6293 -1.135£=01
2.69%0 -2.19%-02 2.735% -5.567€-02 2.8425 7,323E-72 2.86%0 4,073€-02 2.9055 9.375£-02

 3.1965 ~7.013€-02

<7990 -6.635€-01
1.2960 1.)67E+90
1.9889 -8.214F-01

1.4195 -2. 951E 01

21135 -3.795€-~01

<97L5 <A 46)F-31
1.7601  2.503€-01
2.7AR5 6.854E-02
S.0413 2.155£-02

23580 3.524C-31
51930 -3.997€-02

3.4845 -2, %04E-01
5.4875 1.303E~01
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TABLE I (cont)
e e N4OBE
_GAGE _NO. _GAGE TYPE PEAK TIME  PEAK AMP  PEAK TIME  PEAK AMP  PEAX TIME  PEAX AMP  OFAK TIME PEAK AMP PEAK TIMHE  PEAK AMP
§-3500AY  JISPLACTMENT [NCHES —_
I325  2,251F¢90 1.1395 -4,168E-01 L.4520 1,963E+40 1.6725 1.352F+30 1.8389 1.635E¢00
______________________________ 223335 -1.067E+400 3.2050 1.0068E+00 3.7795 -7.3643E-732 4.4940  1,693E+00 5.25905 1.3109€+00
5.3565 1.347E+0D B.45L0  1.422E¢00 7.1675 1.325E£+00 7.5110 1.666F+00 7.3985 1.895E400
e ...948325 1.4 30E¢00 o
- I G —
ARRIVAL TIME= _s67 .641) 2.912€-Ct JE8R3 -1,7)4E-02 7150 1.473E-0d2 <7640 -L.340F-02 E-
e iiio....#1935  2,271€-01 8181 3.458€-01  .8375 8.390£-12 _..+885) 2,5856£-01 . .93370 1.843E-02
1.3345 3.967€-01 1.1205 ~1.634E-01 1.1495 -7.032€-93 1,2415 -4 ,908E-01 1.3510 -4,035E-01
e .. 328 2R0 =4 ,S44E-0L 1.7630  5,275E~01 . 2.0725 -1.325€-91 2.1305 -1.125€-01 . 2.2040 =1+7G7E=Q1
2.3695 1,312F-01 2.3935 9.117€-02 2.40445 1.821E-71 2.6170 -8.341E-02 2.7625 1.639E-01%
2.8755 -3.613€-02  2.8960 -7.032€-03 2.9750 ~1.161E-91 3.9900_ 4,.389€-02 341425 -1.067E-02
3.2730 5.116E-02 3.4075 -1.016€E-01 3.6505 2.571F-02 3.7205 -3.6135-02
S-X500AR  VELOCITY FT/3EC
... B75) L,201E-081 .7305 4.140E=0) 14,0855 2.436E¢00 1.6283 -3.032€400 = 1.9910 __4.7493E-01
2.2875 -6.635E-31 2.5435 1.709E-01 2.6770 -9.333E-03 2.8475 4,599E-01 3.0460 1.048E-01
3.3365 3.536€-01 3.6345 =1,1390€-01 3.6830 -9.874E-02 45,1860 -5.186E-02 4%.6830 1.319E-012
5.3715 ~2.,2326-32 5.6245 1.451E-01 5.9525 -1,614E-01 6.2565 6.537€-02 7.0595 -3.083E-01
.................................... 7.5700 _1.328E-01 (82965 -9.517€~22 = 8.5370 -8,.470E-33 = 8.8655 -2,097E-01 9.3158 7.851E-02
..:JEDE!R_U.QISRLAGE!EKIUXﬂ@ﬁﬁg _______________ e e
¢ 1.8930 -6.619E-01 2.1115  1.53%€-91 2.4759 -1.563E¢00 2.6535 -1.319€+00
2.6310 ~1.321E400 3.5185 1.095E+00 5.5080 -2,189€400 5.3290 -1.452€+00 5.4325 ~1.469€400
5.7610 -1.1L4E+0C 6.1150 -1,566E¢00 544260 -1.407E400 7.36405 -2,737E+00 $.0995 -1,680E+00
................................... 251540 =2.903E+00 e . e
S=35Q0AT ___ACCELELATIONG S . . e U
APRIVAL TIME=  s68 L6145 -5,730€E-02 6620 1.472€-02 6485 -1,173E-01 <6340 3,073£-02 +7165 1.472E-02
AZL55 5.209¢-d1 27855 -2.214E-0% «8070  1.148€-91 28285 =5,330£-02 L8795 T.ul4E-02
- 28335 6,274E-02 «3325 9,875E-02 +9160 -&.330€-02 <3480 1.148E-01 1.9605 -9.287E~03
.............................. 11315 1.9€8F-01 1.2215 -1.653E-01 1.4393 -5.330€-92 1.4985 -1,433€-01 1.53955  97RTSE-32
1.7313 -6,131E-02 1.8545 2,04RE-Q1 2.2165 -1,593E-01 2.3460 =7.331€-02 2.3525 -1.033E-01
. . 2.5530 T.674E-02 2.6135 2.873£-02 2.7230 7.274E-02 2.8135 -3,339€-02 2.9175 1.872€-02
3.0271 -5.730¢6-02 34170 5.674E-02 3.1785 7.163E-04 3.2530 3.873€-02 3.3305 -2.929E-02
3.3850  6.719€-03 3.6390 ~9.732€E-02  3,9635 1.128€-0% L.1260  1.072£-02 45,1933 5. 474E-02
L.4205 -6,931E-02 L.57640 S.073E~-02
S-3509AT  VELOCITY FT/3EC
e el 6555, =14 R3E-D01 78305 1.216F-01 8005 4.261E-02 8200 7.243€-02 LBLAG  h,2L2E-32
G035 1.636E-01 «3265 1.5106-01 1.1540 6.133€E-91 1.,5515 ~7.463E-01 1.67%0 -5.235€=-01
1.756) -6, 4E-91 _ _ 2,0870 B.7ILE-01 2.6600 -3.948%€-214 2.7875 1.129F-01 3.06%. =-3.167€-03
3,234 {.744E-0L 3.7805 -6.,231E-01 4,.299% 2,790t-31 4.4380 T.1945-02 4.6525 1.A78E-01
______________ %.9210 =1.123€-02 5.06930 4.377E£-02 9.2425 =T.431E=32 5.3730 ~1.1268-32 640757 ~2.595£-01
6.9350 L, 1L7E-01 . 7.509% -3,852€-01 3,0110 =6,714E-32
S-3500AT JISPLAC MENT INCHES .
i 27689 -1.578E-91  1.2325 1,433€+08 1.%305 =1,757E¢30 2,2750_ _2,3345-01  2.7198 -T.A31E-01
1.3566; ~k. 716551 30310 -GL.722€~-01 1.607C 9.531E-02 43455 =2,213Fe00 85,1875 =7.289E-01
5.652712,3815¢23 7.2633 ~7,2366-0° 3,5770 -2.9932+99 7.3865 -2,437F+00




_GAGE NO.

S-5000AY

. GAGE TYPE

ACCELERATION

PEAK TINE

PEAK AMP

5. S

PEAX TINE

ARRIVAL TIHE=

-576

G =
A873) -R.09GE-02
1.€000 &.271€-92
1.2335 8.267€-02
1.4475 -3.339€-02
1.6380 -4.290€-02

L7095

TABLE I (cont)

WLOBK

PEAK ANP  PEAN TIMF

. -5,299£-01

+89G65
1.0549
1.2545
1.5105

1.416€-01
~1.532F-01
1.297€-01
~6.953E-032
A.AITE-Q2

PEAK AMP

<3105  2.559E-92
1.1255 2.672€E-01
1.3210 -1.817€-02
1.5240 -3.143E-02

. 1.8363 ~T.16LE-D2

PEAX TIMF

JTALS -1.625€-12

PEAK AMP

PEAK TINE PEAK AMP

-3.32L€-01
7.506F-92
1.1745 1.798€E-02
1.3590 1.037€-02
1.5510 -1.038F-01
__1.5545 -2.,958E-02

“.3995
.9385

<8450 4.727E-01
<9739 -4.6T0E-02
1.2090 1.26&E-01
1.4305 ~1.133E-01
1.6040 2.980€E-82
1.5630 -1.628€-01

S-40004v

2.0735 7.125E-02
2.391% 2.559€-02
2.9280  93.218E-02

VELOCITY FT/SEC

6665 1.032€+00

3.0905

+8259

"1.227€-02
7.3156-02
~4,6706-02

~6.113E-01

T2.1635  7.506€-02
2.%895 2.179E-02

-8645 -2,917E-01

2.24810 <4,849E-03
2.49A5 S5,.793E-02

«8%15 -3.,209F-01

2.2855 4.842E-82
2.6360 -T.144E-82

«9635 -1.550€E-01

1.0700
2.6010

~3.573€-01
2.821€-01

INCHES .

of365 3,00E-01
2:4060 -1,034€¢00

1.3080
2.8%00

1.1505
27955

3.853E-51
~7.831E-02

~h.406t-01
~3.952€-~01

1.6575 ~6.1556-02
3.0265 1.645E-01

2.3255 -4.686E-11

T1.5575 6.64LE-01

1.7135

1.7645 8.864E-02

3.2275 -1.195E-01

T 5.926€-01

2.0345 -4.876E-01

1.8230 7 6.623E-01
4.0750 -9.103€E-01

S-4008AR

"ACCELERATION

ARRIVAL TINE:

4:5660 -1.893E-01
'S
65319

-8025
1.0015

2.369€-02
5.652€-04

. 3.182E-01

5.2610

6823
«8421
1.025)

~8.577€-01

4 748E-02
4.077€-01
4.530€E-01

.a7000
<8660 B8.514E-92
1.0615 6,055E-01

8899€E-02

C.T105  6.491E-02

«3215
1.1125

4.5%6€-01
~2.760E-08

 o7810  2.234E-0%
109525 2. 6BsE-g1
1.1895 3.521E-02

C1e711S

1.3790 -9, 384E=-01
2.0525
2.3795
2.7162
3.0625

~2.49)E-01
1.754€=-01
S.40L1F-02
1.2 16€-02

JheT63E-01

1.6198

2090
2.1909
2,740

3.1570

1.7315

Z8.866E-01
4.250€6=-01
-1.971£-01
1.639€-01

1.8506-01

~1.530¢t-01%

1.4895 ~-9,538F-01
1.8375 1.009€4090
241575 -3.623E-01
2.4595
2.8620
3. 3285

T 4.997€-02
1.812€-08

(3.021E-01

T 2.1985
2.5835 -1,223F-01

1.5635
1.9365

~2.221€-01
~2.396E-01

2.9965 1.197€-01
3.4350 ~7.425€-02

2,503F-01

1.6980 -2,732°-utl
1.9305__S.633E-81
2.2290 -2.663E-01
2.6965 __7.T46E-02

3.0010 -6.4656-02
3.4470 54313682

3.5345
40579
47665
5.4300
6.9415

-1.703€-01
3.127€-02
-8.a61F=-02

“1.011E-01

3.629)
“.1515
4.9
5 B8040
7 o365

4. 1606-02
~7425€-02
3.329E-02
-1.242E-01
7.159€-92

‘8.7260

1.7220
4.2320
5.04015
6.1215

~1.664E-01
1.216€-02
~3.968E-02°
1,197€~-91
-1.127€-01"

T 9.1465

3.8345 ~3,968€-02
4.2970 -2.832E-02
6.1395 1 .,485€-01
6.4300 ~%,737E-02

1.120F-01

3.8805 ~6.081E~02
4.5095 2.526E-0%
5.3175 -8.001E~-02
6.7525  3.329€E-02

S-40834°

VELOCITY FT/3€EC

1.0915 4.256€¢0)
2.8225 -1.10)€+00

3,0725  7,1256-91
4,316 =9, 4T7E-01
f.5465  2.5628=01

1.1735
254465
3.2300
L6625

..3-%00042

_ DISPLACFEMENT

5. 7605

7.3930 “4.321k-ul
9.3070 3.295€-d1

LiCHes
239 A7)k

2:h%45 =2.59%1¢490

“1.693E00

2,335 -2,3570400

e

Fo

522100

7.8715
1.542)

1. QGli
_$.582

u.lihv

$.b103

3.745E4090
1.967F=01
2.717€-01
2.043E-01
-5.453F-01

13,3965

__6.2725

3.793€400
-2.463E-33
8.603€-01
-1 810E-01
1.423E-01

1.1985
2.61365

5.0315

1.66£30 -5,211F+00

73430 B,578F-D1
4.1795 ~7.599€-01
5.24k5 4.568E-01
6.6805 -2.796F-02

2.0345 9. 216E-01
'3.0540 TJt11E-01
4.0795 -7.322€E-01
5.4390. 1.753E-01
6.8060

beW18E-02

%.937¢-01
1.353£-01

~1.349E+00
3.750€4239

8.3L30
2.9715

<1.733E-02
5.584F-11

2.1578
4.5579

“I,7uTE~I2
=3.287E4)0

B.517% 1.2625-01

2.6925 «2,776F+00
Lo.T7325 -2.313E¢00

9.8500 ~6s%33E-PL

2.6280 =2.594€4 00
5.1080 -3,%30£¢020

S3.167¢ %30

~2.157t¢040

=3.821F+09
4. 375E47)

He860¢C
J3.1155

T.4735 -5,950€+00

9.2910 -2+344E+00




1 n ‘,5«
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. TABLE I (cont)
. HhO8k
_GAGE _NO. _GAGE TYPr PEAX TIME  PE3IX AMP  PEAK TIMO . PEAK AMP 993K TIME PEAK AMP OEAK TIMT  PEAK AMP PFAK TIME  PEAX AHP
S-4003AT  ACCELERATION G S I
ARRIVAL TIME= .585 L6197 -1.57G€-92 02435 ~L,.356F-33 oBLLS -1.434E-32 6%0 1.151E-02 .7243 -2.592€-03
S o <7385 7.106€-03 27575 A.345E-04 7860 2,5€25-32 +8365 -3.962€-02 - .8855 4.983E-02
F— Tttt 9257 4. 461E-33 3670 4.B55F-02 1.0505 ~1.141€E-02 11715 7.147€-02 T1.2120 -8.371E-02
oo .. 142735 =5.785E-92 1.3080 -4.530¢-32 1.4030 -6.119E-23 1.5395 -6,872F=02  1.95i5 -S.814E-02
- T 1.5740 -6.5135-02 1.6455 3.268E-22 1.7730 ~2.,992€-57 1-2925 Q,840E-02 1.77%15 8.478E-02
1.9665 9.087£-02 1.9960  8.331FE-92 2.3120 9.439€-12 2.0915 -1.953€~02 2.1290 2.386E-02
2.2670 -8,9005~92 2.3390 -1.49F-02 2.4180 -5,726€E-02 2.4%20 -T.883F=-03 2.5190 -1.673E-02 ’
... 26320 2.650E-02  2.h795 7.106E-03 2.7585 3.356E-92 2.8175  1,681E-02 2.84:15 2,298E6-02
T 2.9229 -2.552€-102 3.0370 7.106E-90% 3.0870 -4.355E~03 2.1277 1.963€-02 3.1885 -1.141€E-02
... 342460 3.580E-133 3287 ~4.356£~-03 3.8070 $.797€-232  3.5135 -3.786E-02 3.5610 -2.552E~02_
o 13,6515 -4.937€-02 40155 G.b14E-Q2 4.1190 1.963E-02 4.1655 2.033E-02 4.2160 7T.106E-03
4.26435 1.328E-02 L.38343 -1.229E-02 4.4340 2.698E5-03 4.4785 -9,646E-03 4.5920 1.681E-02 *
; 4.7630 -1.317€~02 £.9%75 1.151E-02 5.1505 -1.582E-02 5.2250 ~3.474E-03 5.2325 -9.646E-03
. i .....343585  1.151E-02  5.645495 -7.883E-03  5.5373  4.461E-03 5.5655 -5.237F-03  5.6490 4.461E-03 P
; ) T8.85AS -2,287E-02 66150 3.532¢-02  6.5115 4.461E-03 6.6270 2.3%36E-02 6.6570 1.063E-u..
i oo eemmaemenae. BaB135  2,421€~02 7.2445 -3.962E~02 = 7.5525 7.105€-03_ 7.6095 -1.711€-03 7.7180 1.151€-02
i o 7.7450 7.106E-13 7.3150 2.033E-02 8.1660 -3.646E6-03 8.4330 7.988€-03 8.6595 -7.001E-03
i 9.1269 1.592E-32 3.3535 -2.994E-02 9.3940 -1.053E-02 9.4350 -2.323E-02 9.5995 6.225E-03
L L 1L LELOUIS 50 To 8 5 O - e U S
6725 <2,103€E-02 1.0160 1.274E-01 1.0770  1.134€-01 1.1780 2.606€-01 128305 -2.99%E-01
U s 3. €-01 2.5425 71 L3ISE-01 2.8985  G5.821E-02 . 2.9799 _2.586t-02_ _  3,4510_ 1.361E-01
3.8430 -2.163E-01 4.,6950 7.427E-02 6.1845 -1.765€-01 5.9560 2.227E=-01 T7.5745 <1.396€-01
S-4003AT  OISPLACEMENT [NCHES
................................... Le3360 6,350E-01 1.9535 -6.,568E-01 2.3745 2.782E~01 2.7900 -1,779€-J1 3.6030 3.209E-01
4.1510 ~5.391E-01 5.5373 -5.848E-02 6.4750 -9.695E~-01 Te2750 2.684E-01 7.9940 ~5,676E-01

9.4870 -1.375€-02

$=-8800AVL0 ICCELERITION G s

H ARRIVAL TIWEs 260 - b o E~0 29500 -6.536€-01 1.0365 2.293€-01 1.0770 ~2.115€£-21 1.1389 -2.0335~02 — -
: 11735 -1.64L7E~01 1.214% $1.590e-01 1.2316 1.083€E-01 1.262% 2.527€-01 1.3110 =9,453%-02
¥ g 1.385% 1.629€-01 1.6695 ~7,110E~02 L.5080 1.551€~-01 165590 ~7.500F~-02 1.6220 9.663E-32
H 1.6870 ~1.647E-01 1.7230 4.982¢€-02 17735 ~-1.362€E-01 1.8280 S.372€-02 1.8505 -3,87)€E-06 s
e e e . 109620 5o592€=02  2.0080 -3.209€-02 = 2.0530 1.083E-01 . 2.1585 -1.413€-03  2.2430 ~3,933E-02
! 2.,2720 -5,940E-02 243565 9.,663E~-02 2.64415 ~3,209€-02 2.509% E.543F-02 2.60131 -3.989€E~02
H 2.6500 ~8,8T0E~04 2.6770 ~-2.039E-02 - 27850 3.422€-02 2.7830 ~8.6%80-03 2.4260 7.273E-02
! 28470 7.323E-02 2.8650 1.122E-01 2.9195 -2.819€-02 3J.02% S.086£-02 T,1380 -7.006E~-02
f 3.1760 1.966E-02 3.2190 -3.135€-02 3.2265 =15155€-02 3.261N -6.276F=07 $.3769 1.73655-02
N Jet0160 -3,105€E~02 3.4305 6.647E-02 3.566C -7.6LAE-D3 3.5375 2.765-02 $.7715 =6.615£-02
| R L. 80395 5.866E-02  4.2495 ~6.226E-02 . . I
] S-8008AVLO VELOCITY FT/SEC
3 «9330 S,907£-01 1.0110 -1,73tE~-01 1.056% 1.369E-33 $1357 ~5.133F-004 1.231% -7-%535'02
g 1.3310 -1.415€E=-01 1.4395 1.986€£-01 T 1.4875 1.353£-31 1.540% 2.%33t-04 1:5867) z.z€35-01
H 1.65108 3.S509E-Q1 1.7125 1.518E-01 1.7460 1.825€-31¢ 1.8.35 2.,%10%-02 1.3320 1.596E-0%
» il .. 2.0260 1.518€-91 ~  2,0880 2.757€-01 243140 ~2.973F=91  _ 2.4297 -1,4377-0% 24773 -1,5%35=01
2.5390 -9.,973€~-02 2.7060 ~1.956E£-01 2.934% 7,170E~22 243675 S,13775-02 $.0783 1.6R7E-71
3.1625 7.250F-02 3.1880 7.4A%6-02 3.6300 ~-7,.6L73E-32 36777 143158F-C1 $.4411 ~1,073€-01

A

4.1363 5.596E-02 4.3379 -1.3636-01 4.9620 1.336E-31 5.5L45 -1,3205-01 1.10245 1a175€=-91
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TABLE 1 {cont)
NGO 3E
GAGE MO. GAGE TYPE PEAK TIME PEAK AHP PEAK TIME  PEAK AMP PEAK TIME  PEAK AMP ©OEAK TIMF  PEak AMP  PFAK TIME  OFA< AMP

‘S-8883AYLO DISPLACEMENT INCHES

+9830  5.358E-01 1.3850 -6.500E-01 2.1775 9.796E-01 _ 2.8645 -3,836f-01 32795 2,733E-02
3.64920 -1.012€E-01 3.7830 1.592E-01 4,055 —~4.473E-02 4.2125 2.7)4t-02 4.6¢ 35 -3.823E-01
S.4845 2.522E-01 641665 —4e388E-01 6.7815 7.153€-03 7.3150 -2.474% -01 7.5880 -1.633E-01"
7.8315 -2.522€-01 8.2790 1.S515€-01% 848010 -1.774E-01 9.1670 8.831€-03 7.5275% -1.%268-01

$-8000UV  VELOCITY FT/SEC
ARRIVAL TIME= BT +9305 5.691E-01 1.0105 ~2,206€-01 11,0555 -1.235€-02 1.1925 -S.417F-01  {.2885 -9,913E-02
1.3275 -1.946E-D1 1.64305 1.959€-01 1.4935 1.005€-01 1.5355 2.567¢-01 1.5765 1.693E-01
1.6865 3.178E-01 1.7095 9.178E-02 1.7475 1.438E-G1 1.8995 5,003€-03 1.9945 $.699E-01
) 2.0255 1.265€E~0% 2.0785 2.827€-01 2.3225 ~3.074E-01 2.4115 -1,3186=01 2.4765 ~2.733E-01
2.5475 ~9.045€-02 2.6735 ~1.946E-01 2.8385  1.,091E-01 2.9405 5.,737F-02 5.065%  1.372E-01
) 3.1565 6.57SE-02 3.2005 9.178E-02 3.3555 -8.178E-02 3.6735 1.265F-01 3.8875 -1.33%€-01
%.1325 8.083€6-02  4.3995 -1.535€-01 4,9805 1.329€-01 $.6395 -1.795F-01 6.5575  $.323E-01

o $~-8008UV  DISPLACEMENT INCHES . ) o B

+9825 3.868€-01 L3875 -7.441€-01% 241795 6,816€-01 2.8585 -6.511F-01 1,2805 -1.846E-01
o o 3.4905 -3.034E-01 3.7815 -5.681E-02 %.0395 -2.611€E-01 4.2105 -1.450€-01 64,6035 -5.5245-01
5.4655 1.048E~01 61515 -5.639E-01 6.7935 -7.084E-02 7.8395 -3.994F-01 8.2735 -1.9R4E-02

8.6105 ~-3,528€-04

S-0088UR  VELOCITY FT/SEC

ARRIVAL YImex 883 <9675 8.526E-82 1.0265 2.769€-02 1.1025  9.859E-02 11775 -3.4726<02 1.2285 =3.613E6-03

_________________________________ 142705 -4,806E-02 1.3675 2.008E-01 1.4695 =1.414E-01 1,7665 6.229€-0} 1.8905 3.563E-01
1.9305 3.785€-01 2.3735 ~6.657€-01 2.6145 1.341E-01 2.8875 -3,1025-01 3.3735 4.1856-01
3.4345 3.563€-01 3.5955 &.719€-01 8.0525 -1.361E-01 4.2615  5,4985-02 4,3515 -2.056E-32
4.5555 1.039E-01 %.7985 -2.116E-01 4.8435 ~1.983E-01 5.0625 -3.849E-01 5.6045 2.016E~01

e S.7145  1.572€-81 5.8005 2.283E-01 6.0265 1.305E-01  6.0555 1.572€-01  5.3985 -7.833E-32
6.5225 -7.231E-03 6.8635 -1.583E-01 7.0095 -7.833E-02 7.1965 -1,716€-01 7.9475  2.372E-01
8.5945 -1.805E-01  9.2325 1.527€-01 9.72645 ~1.894E~01

-8 080UR DISPLACERENT INCHES

1.1635 2.085€-01 1.2995 1.668E-01 1.4335 3.565E-01 1.5715 2.053€-01 2:1215 2.277€+00
2.5555 3.658E-01 2.7025 $.029€-01 321335 -5.646E-01 3.9255 2.102E+00 4.2085 1.A63E400

e 4.6645 2.143E¢00 5.3%85 3.353€-01 6.2865 1.999E400 7.5025 €.254€-01 9.267% 1.923€400
9.0095 1.087E¢00 9.4345 1.433E400 ,

S-8808UT  VELOCITY FT/<EC

ARRIVAL TIMEz .887 <9445 B.165E-02 1.0525 -1.299E-02 1.1185 4.560E-02 1.2185 -2.3385-01  1.2775 -7.603€-02
1.3355 -2.699E-01 1.5085 3.025€-01 1.5715 1.177€-01 1.5075 1.853F-01 1.7975 ~9.861€-02
1.8435 -3.376E-03 2.0065 -2.338E-01 2.26455 1.492€-01 2.2865 1.177€-01 2.3355 1.98%E-01
2.5795 -2.428E-01 2.6355 ~1.752E~01 2.7265 =2.789€-01 2.8255 -3,1025-02 2.4615 -9.053E-02
3.0065  1.402E~-01 3.0425 9.)67E-02 3.2885 3.656E-01 3.6695 -3.825¢-01 1.3765% -2,651F=02
3.9395 ~6.707€-02 3.9665 -3.102€-02 €.1165 ~1.842€-01 4e5115 2.756%-G1 4 7445 -4 453E-02
4.9365 3.070E-01 5.3895 «~2.293E~01 5.6015 -4.,003E-02 5.7595 ~-2.24A¢~01 5,9335 -1.2576-01
6.0085 ~1.572E-01 6.1885 ~2.651E-02 5.2115 -5,355€-02 6.7995 3.295F-01 741555 ~1.257€=-01
7.4135 1.856E-02 7.7855 ~2.654E-01 8.5165 1.583C-01 8.7025 9.066(-02 3.0525 2.484E-01
9.5185 -2.428€~01 9.8585 -6.256E-02

S-8000UT  DISPLACEMENT INCHES

1,155 B8.965E-02 1.4015 -3.553E-01 1.7625  2.575E-01 21875 =2.n337-01 2.025 2.73tE-01
249325 ~4.895€-01 3.5075 7.95%F-01 442575 -5,923E-31 4.5335 1,7395-01 4 7735 1.6335-01
5.2125 9.39L€- 1t 6.2815 -6,034E~-01 5.9335 1.233€¢0 7.3345 8.47°62-01 Z.bbas  3.882E-01
8.1595 -2.800E-v' | 9.3635 1.639E+00

. -




TABLE LI

Gage Locations and Elevation Information

Coordinates (ft)

Station North East
Boring UTaf 853100 686500
S-Z 853050 688500
5-932 852168 686500
S5-2000 851101 686500
5-3000 850101 686500
S-3500 849601 686500
S-4000 849101 686500
5-8000 845102 686500

Ground Slant Elevation
Range (ft) Range (ft) (ft MSL)
- - 4200
50 1865 4200
932 2094 4190
1999 2754 4171
2999 3556 4155
3499 3990 4147
3999 4137 4142
7998 8235 4105
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Figure 1, Overlay of vertical displacements for station S-Z,
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