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ABSTRACT

This report presents the results of the processing of
the observed ground motions ffom the‘Rulison-event. The
Qbsefved peak particle amplitudes as a function of distance
are coméared with prgdictions based upon a 40 kt yield,

The observed 5% horizontal component Pseudo-Relative Velocity
(PSRV) spectra (péak response) are compared wifh the 40 and

60 kt spectral predictions.

Data recorded at 36 instrument stations by United
States Coast and Geodetic Survey (USC&GS) were processed
by Environmental Research Corporation's (ERC) Data Proces-

sing Laboratory.
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INTRODUCT ION

The Project'Rulison nuclear explosive of 40 kilotons
design yield was detonated on Wednesday, September 10, 1969,
at 15:00:00.1 MOuntain Daylight Time. The objective of the
project was to stimuléte natural gas production in the Rulison

Field of the Piceance Creek Basin in northwestern Colorado.

The explosive was emplaced at 8,442 feet below ground
surface, at geodetic coordinates established by USC&GS as
follows: Latitude -- 29924'21" North; and Lonéifude --
107056'53" West. The elevation of surface ground zero was

8,129 feet above Mean Sea Level.

TheAdetonation occurred in shale and sandstones of the
Mesaverde Formation of the. Piceance Creek Basin. Early

indications are that the explosive performed satisfactorily.




INSTRUMENTATION AND DATA PROCESSING

Representativeé from Eﬁvironmental Research Corporétion
(ERC), John A, Blume & Associates, CER Geonﬁclear, U.S,. Coast
& Geodetic Survey (UscaGs), and Nevédé Operations foice par-
ticipated in a recoﬂnaissance of the Rulison area to determine
desirable locationsufor‘instrument stations., A final safety
documentation instrumentation plan was déveloped as the éon-
sensus of members of the recbnnaissancé.party. Additional
instrument stations were recommended by ERC fo; the pu:ppée
of wave mode propagation studies. Installation and operation
of the instruments (L—7.§elocity meters) were the responsi- -

bility of USC&GS.

Seismic instrument stations were located both in and
outside the Piceance Creek basin shown in Figures 1 and 2.

Three-component instruments were used at all stations,

Data from the L-7 velocity meter were corrected by the

seismometer/amplifier system as recorded in the fiéld. These

!

data were re-recorded at ERC.
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Corrected velocity data were transformed onto paper re-
cords at the time the data were re-recording on magnetic tapéﬁ
A§Celeration and displacement time-histdry'records were derived
from all the Rulison corrected velocity records. The signals
from all stations, except Battlement Mesa Dam and Cedaredge,
monitored by magnetic tape‘velocity meter recordings were fed
'through a series of linear oscillators at 5% damping to pro-
vide Pseudo-Relative Velocity Response (PSRV) spectra. The
Battlement Mesa Dam and Cedéredge data Were not digitized be-
cause of high amplitude transient signals on fhe velocity meter

magnetic tapes.




OBSERVED DATA COMPARED WITH PREDICTIONS

Figures 3-through 8 show éompafisonsvof the obéerved
p=ak particle'motibns with the 40 kt prediction,lines taken
from NVO-1163e186, "Predictions of Seismic Motion and Close-
in Physicai‘Effects," Wéetman, E.G., et al., Environmentai
Research Corporation, August 1969, . The observed data compare

‘favorably with the predictions.

The horizontal components of ground-motion'having-the
greatest PSRV response and the hprizontal coﬁponent spectral
.predictions for 40 and 60 kt yields (NVO-1163-180) a?e cdm—
pared in Figures 43 through 56, Again, the observed data

compare quite closely with 40 kt predictjons,
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SUMMARY OF DATA

Peak particle resultant vector amplitudes of ground
motion versus slant distance are shown in Figures 3 through
8. The fesultant'vectors were obtained by analyzing simul-
taneously the three components of motion (Z, R, T) at a sta-
tion in order to determine the absolute value of ground

motion. The peak resultant vector is the highest instantan-

eous value of the square root of the sum of the squares of

the component motions. Where only two components of motion
were recofded, peak resultant'vectors wére.calculated using
the two observéd.componénts. These vector values ére shown
in parentheges in Table A-1 and the station numbers are en-
closed in pareﬁthesis on the peak motion graphs; Only the
radial component was recorded at Silt and it is shown in

the same manner,

The observed 5% Pseudo-Relative Velocity (PSRV) spectra

for vertical, radial, and transverse components are shown

in Figures 9 through 42, Only one or two components are shown

for some stations. The missing components were not digitized

because of clipped signal or power failure during recording.
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Peak amplitudes, periods, and peak arrival times of
particle velocity and of derived acceleration and displace-
ment are listed in Tables A-1 through A-6. The tables also

show the peak particle resultant vector (V),

Arrival times of the peak motions were measured from
shot time. On records which were not referenced to shot
time, the times to the peéks were measured from first motion.

-

These times are shown in parentheses in the peak motion

tables.
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. (olieso--.  STATION SYMBOLS -
__(-@aese—eymbe&s—atem 0n———t—he—-fe—l—l—ew—rﬂg——g—r-aph3—)_.
STATION SYMBOL. STAT ION SYMBOL
Lemon Ranch RO2 : Gienwood Spfings R28
. Eames Orchard | R93 ' _ Meeker ' , Rég
Rulison RO4 Aspen - | | R30
Richardson Ranch a RO6 Eagle - = - ' R31
| Apvil Points ‘ RO7 Dur ango | R34 .
Mobil Mine ROS8 | -. iRangely (Alluv) .'R35
Union Carbide P'1an£ RO9 Rangely (H.R.) - R36
‘Debeque School #1 R12 ~ silverton R37
. DeBeque School #2 R13 Craig | | R 38
Ssilt R14 Rawlins R40
Harvey Gap Dam §i7 : Farmington (H.R.) . R4l
DeBeque Canyon R18 Farmington (Alluv) R42
New Castle R19 Delta ' “ R43
| Cameo | . R20 . - Salt Lage City R44
Cedaredge | R22V Battlement Mesa Dam R45V
Gfénd Junction | ‘ Denver . R47
(LaCourte Motel) R24 -
Paonia . : R48
Gr and Valley R25
Rifle (Church) R26
Rifle kTOp of Hill)  R27
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STATION LOCATION MAP, RULISON
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EVENT
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PEAK PARTICLE ACCELERATION, g

101' HARD ROCK
’ PREDICTION
a=1.2 X 107 g~1.93
o=1.62
_©= DERIVED RESULTANT VECTOR
\ ' K
1 ]
' \Ras i i
i
100 \\ \\ '.R03 | l !
R04-
ROZ| e ‘
! : |
A\l \| \ oros |
-h §g _ : ‘
‘h R09®| @R13
\ R2 | :
-1 ) !
10 BT . r
s\ ]
NN
ROBON_ \\ _
(RIOZ~TTOR2
Ny
©oR24
S
-7 _ \Rwolam@
\ R30
R22
Eﬁd—\
\‘LRZS R36
[N
R31
RR3B 1 oRan)
| \\ .
10-3 -X A
R37
A A
AN
R34@\
\
R11
2 J
10 :
103 104 10°. : 108
. SLANT DISTANCE, METERS |
Figure 3, Peak Surface Particle Acceleration Recorded

"at Stations on Hard Rock, RULISON EVENT
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" ALLUVIUM
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Figure 4. Peak Surface Particle Acceleration Recorded
at Stations on Alluvium, RULISON EVENT

-11-

it




HARD ROCK
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Figure. 5., Peak Surface Particle Displacement Recorded
at Stations on Hard Rock, RULISON EVENT
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PEAK PARTICLE DISPLACEMENT, cm
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'Peak Surface Particle Displacement Recorded

at Stations on Alluvium, RULISON EVENT
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PEAK PARTICLE VELOCITY, CM/SEC
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PEAK PARTICLE VELOCITY, cn/sec
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Figure 8. Peak Surface Particle Velocity Recorded at
Stations on Alluvium, RULISON EVENT '
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EAMES ORCHARD (MORRISANIA MESA), HARD ROCK, STATION R03,
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PSEUDO RELATIVE VELOCITY - CM/SEC.
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Figure 11. Observed 5% PSRV Spectra, RULISON EVENT
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. GRAND VALLEY, HARD ROCK, STATION R25

" DISTANCE 10.6 KM

00.0 N RIS NND 2 ARSI
! A K T ""T" [*'\j_

" COMPONENT
-+« -+ VERTICAL
—— RADIAL

. .
e

<4

|
f
_ —— — TRANSVERSE ' - oov:\o
’?‘v*"—“"*‘" ,\ i — S r 7

10.0.

(!
vy

A
A

AR
2 S

~ ""'. 2
e
~ 1

PSEUDO RELATIVE VELOCITY - CM/SEC.
)

\ [

43 P
N |

P X AN
) 1 /‘)’ ; \k{{/,) - }*\ L
P ‘/,1_’ 7 g

X%( %\L X o X X

’ 0.1 .
ool PERIOD IN SECONDS

A

0.0t

Figure 12. Observed 5% PSRV Spectra, RULISON EVENT
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PSEUDO RELATIVE VELOCITY - CM/SEC.
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ANVIL POINTS, HARD ROCK, STATION RO07,
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UNION CARBIDE PLANT (RIFLE), HARD ROCK, STATION R09,
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RIFLE (AETHODIST CHURCH), HARD ROCK, STATION R26
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Observed 5% PSRV Spectra, RULISON EVENT
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RIFLE (TOP OF HILL), HARD ROCK, STATION R2
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DEBEQUE SCHOOL NO. 1(100"), HARD ROCK, STATION R 12
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Observed 5% PSRV Spectra,
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PSEUDO RELATIVE VELOCITY - CM/SEC.
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Figure 20. Observed 5% PSRV Spectra, RULISON EVENT -
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SILT, HARD ROCK, STATION R4,

DISTANCE 23.8 KM
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DISTANCE 32.4 KM

HARVEY GAP DAM, HARD ROCK, STATION R17,

/TY’T

-4—

PSEUDO RELATIVE VELOCITY - CM/SEC.

PER

I i EHE NS s s

SR
{OD IN SECONDS

-29-

COMPONENT
-+« VERTICAL
———RADIAL
— — -TRANSVERSE

Figure 22. Observed 5% PSRV Spectra, RULISON EVENT.




OEBEQUE CANYON, HARD ROCK, STATION R18,
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CAMEO, HARD ROCK, STATION R20,
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" GLENWOOD SPRINGS, HARD ROCK, STATION R28.
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LA COURTE MOTEL GROUND, GRAND JUNCTION, HARD ROCK, STATION R24,
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PAONIA, HARD ROCK, STATION R48,
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MEEKER, HARD ROCK, STATION R29,
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EAGLE, HARD ROCK, STATION R31,
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ASPEN, HARD ROCK, STATION R30,
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RANGLEY, ALLUVIUM, STATION R35,

Observed 5% PSRV Spectra, RULISON EVENT
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RANGLEY, HARD ROCK, STATION R36,
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SILVERTON, HARD ROCK, STATION R37,
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TABLE A-2. PEAK ACCELERATIONS RECORDED AT

ALLUVIUM STATIONS, L-7 INSTRUMENTS

- RULISON EVENT .

A FIRST PEAK |

NUMBER/ 'SLANT - COMPONENT | . PEAK ARRIVAL | ARRIVAL| PEAK
STAT ION DISTANCE ACCELERATION | - TIME TIME |PERICD
(km) /Bearing (g) (sec) (sec) | (sec)

R35 104 - z 2.66x10"3 18.7 41.8 .08
Rangely N43°50'W R 8.17x10"3 " 40.9 .10
: T 8.55x1073 t 41,3 12
v 1.01x1072 " 40.9 o
R47 . 254 z 2,84x1074 ——- - (60.6)| .25
Denver N82°03'E R 4.87x10"4 ——- (2.1)] .25
| T 2.27x10™% - (61.7)| .07

A 4.,93x10"4 ——- (2.1)| ---

. 1
R42 296 z 2.28x1074 46.6 50.3 .15
Farmington S4°08'W R 1.39x10'4 ' n 50,7 .25
(N.M.) T 1.46x10°4 " 52.1 20

' v 2.48x1074 " 50.3 .

R44 367 z 4,00x10"4 . - (49.9)| .28
Salt Lake N66°11'W R --- 4 -——— - _—
City T . 2,80x10 - {50.5) .40
" (Utah) v (4.80x10"4) ——- I R
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TABLE A-3.

PEAK VELOCITIES RECORDED AT
HARD ROCK STATIONS, L-7 INSTRUMENTS
RULISON EVENT |

PEAK

FIRST
NUMBER/ SLANT COMPONENT PEAK ARRIVAL | ARRIVAL| PEAK
STATION DISTANCE | VELOCITY TIME . TIME |PERIOD
(km) /Bearing (cm/sec) (sec) | (sec) | (sec).
R45 4.9 z 2.82x101 1.2 1.4 .20
attlement S22°551E R 2.07x101 g 2.7 .18
' Mesa T 1.41x101 " 2.5 .30
v 3.01x101 " 1.5 —
RO3 6.2 z 2.51x10" - (.1)| .17
nes Orchard N20°13'W R. 1.09x101 --- (.4) .13
dforrisania T 1.27x10%1 " -—- (.3) .12
Mesa) v 2.62x101 --- (.1 ---
RO2 6.4 z 1.30x10% - (.1y| .20
smon Ranch N12°28'E R 8.10x100 ——- (.1)] .19
>lmes Mesa) T - 4.30x100 . _— (.6)| .13
v 1.49x101 —_— (1)  ---
RO4 8.7 z 1.49x10?! . (.2)y| .13
Rulison N6°47'E R C 1 37%1012 —— (2.8)| ..18
T ~ 7.60x10° —-- (2.7)| .18
v 1.49x10! ——- (.2)| ---
R25 10.6 z 7 .34x10° 2.3 2.5 .08
and Valley N59°431W R 8.14x10° " 5.3 .16
' T 3.30x100 " 4.4 .25
Y 8.27x100 " 8.2 S
RO6 12.7 z 1,87%x100 | 3.8 4.3 .18
ichardson s3°251W R 4.84x10° " 5.0 .21
Ranch T 5,28x10° " 4.1 .16
: v 5.39%x100 " 4,1 S
RO7 13.3 z 4.34x10° - (.2)y| .15
vil Points | N10°53'E R 4,51x10° - | (1.2y] .23
T 3,86x10° ——- (1.4) | .15
v 4.85x10° -—-- (.3) | ---
RO8 14.6. z 8.30x10"* 3.2 3.3 .21
lobil Mine N1°49 1w R 6.13x10"1 " 3.6 .20
T 6.65x10"1 " 3.3 .20
v 1.09x10° " 3.3 ——_—
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TABLE A-3. PEAK VELOCITIES RECORDED AT

HARD ROCK STATIONS, L-7 INSTRUMENTS

RULISON EVENT (CONTINUED)

. FIRST PEAK
NUMBER/ SLANT COMPONENT PEAK ARRIVAL | ARRIVAL| PEAK
STAT ION DISTANCE VELOCITY TIME TIME |PERIOD
(km) /Bearing (cm/sec) (sec) (sec) (sec)
ROO . 18.0 z 3,13x%10° 4.5 4.8 .16
yion Carbide N40°21'E R 2.44x100 " 5.7 .12
Plant ’ T 2.96x100 " 5.7 .13
) \Y 3.57x10 " 5.7 -
'R26 20.2 z 2.88x109 5.3 5.6 .25
Rifle N45°38'E R 1.89x10° " 8.9 .18
(Church) T 2.19x109 . 5.6 .22
Y 3.13x10O " 5.6 ——
R27 20.2 z 3,67x100° 5.4 5.6 .17
Rifle N45°38'E" R 2.53x10° " 5.7 .25
fop of Hill) T 1.74x109 " 5.7 .22
v 3,77x10° " 5.7 -
R12 22,8 z 2,07x10° 5.8 6.7 15
DeBeque S71°05'W R 1.34x10° " 6.9 .14
School #1 T . 1.73x10° " 10.6 .21
(1001) v 2.20x10° " 6.7 -
R13 22,8 z 3.93x10° 5.8 6.7 14
DeBeque- -8S71°05'W R 2,43x10° " 7.1 .15
School #2 T 4.39x10° " 10.7 t21
(10007 ) v " 4,68x10° " 10.7 -
R14 29.8 z J—— 7.2 _— -
Silt N57°56'E 'R 1.34x10° " 12.8 .35
. T - " - - - -————
v (1.34x10°) - ——- -
R17 32.4 z 9.58x10" 1 6.2 8.3 | .18
Harvey - N48°34'E R 8.24x10°1 " 8.0 .25
Gap Dam ° T 1.07x10° " 7.8 .16
‘ v 1.34x10° " 7.8 —-
~ R18 33.5 Z 6.84x10"1 7.7 9.2 .15
DeBeque S55°38'W R 6.84x10" 1 " 9.6 25
Canyon ‘ T 7.31><10"1 " 10.1 21
v 8.43x1071 " 9.6 ——
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TABLE A-3,

HARD ROCK STATIONS, L-7 INSTRUMENTS

PEAK VELOCITIES RECORDED AT

RULISON EVENT (CONTINUED)

'FIRST PEAK

'NUMBER/ SLANT COMPONENT PEAK ARRIVAL | ARRIVAL| PEAK
STAT ION DISTANCE VELOCITY - TIME TIME |PERIOD
(km) /Bearing (cm/sec) (sec). (sec) (sec)

R19 40.4 z 4.77x10" 1L 7.3 9.4 .35
2w Castle N62°47'E R 8.30x10~1 " 9.4 .40
T 3,53x107 1 " 16.0 .16

v 9.18x10" 1 " 9.4 -

R20 42.8 z 5.30x10" 1 8.3 10.7 .15
Cameo 548°21'W R 9,50x10" 1 " 10.7 .25
T 6.63x10"1 " 18.2 .20

v 1.,02x10° " 10.7 -

R22 55.4 -z 1.33x10" % --- (3.4)| .55
‘edaredge S2°07'E R 1.46x10-1 -——- (14.7) .40
| T '1.40x10’i A - (15.3)| .30

v 1.60%x10” —— (14.7)] ---

r28 56.2 z 1.15x107 1 -—— (3.4) .32
3lenwood N73°151E’ R 1.44x1071 ——- (4.3)| .30
Springs . T 7.56x1072 - (4.7)| .35
| v 1.50x10"1 —-- (4.3)| ---

R24 65.4 z 2.92x107 2 11.9 12,2 .20
nd Junction| S$54°50'W R 2.93x1071 L 41.3 .45
lotel-Gnd) | A T 2,63x10" 1 " 52.0 .39
v 3.65x10" " 52.0 -

R48 ' 66.8 z 1.33x107] - (6.2)] .16
Paonia S27°05'E R 2.75x10 T - (14.6) | .18
T 2.32x10"1 - (19.7) | .16

V- 2.99x10" 1 - (15.3) | ---

R29 70.4 z 5.18x1072 _—- (9.5)| .20
Meeker " N2°20'E R 9.90x10" - (23.4) .16
T 8.77x10” ——- (22.0) | .16

v 1.04x10"1 _— (23.4) | ---

R43 75.2 'z 1.65x107 1 - (0.2) | .15
Delta S7°45'W R . 2,57x107} - - (0.4) | .14

' T 1.94x10 - (10.2) .14

v 2.68x10" 7% —— -

(0.7)
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TABLE ‘A-3, _
" HARD ROCK STATIONS, L-7 INSTRUMENTS

PEAK VELOCITIES RECORDED AT .

RULISON EVENT (CONTINUED)

| , | FIRST PEAK

NUMBER/ SLANT COMPONENT PEAK ARRIVAL | ARRIVAL| PEAK
STATION DISTANCE VELOCITY TIME TIME |PERIOD

' (km) /Bearing (cm/sec) (sec) (sec) | (sec)

R31 100 z 4.92x10'§ - (12.7)| .16

Eagle N73°571E R 6.12x10”2 S (12.2)| .20

T 6.12x10 - (12.2)| .20

v 7.85x1072 - (12.2)| ---

R30 100 . z 1.50%x10 1 - (3.6) .19

Aspen S76°37'E R 1.93x10" - (3.7) .25

T 2,44x10” - (3.7)| .23

v 3.00x1071 _—- (3.7)| ---

R36 104 z 4.64x107% | 18.7 24.4 .20

Rangely N43°50'W R 6.36x10" " 40.4 .25

o T  5,17x1072 " 43,2 .20

v '7.29%x1072 " 40.4 —-

R38 127 z 3.96x1072 —-- (1.6)| .25

Craig N16°30'E R 4.37x1072 - (18.2)] .20

» T 5.24x10" _— (17.1)| .22

v 5.38x10"2 — (17.1) | ---

R37 179 z 3.17x10'§ 30.3 32,9 .35

‘Silverton S7°52'E R 2.44x10° " 32.8 .28

T 1.58x1072 " 32,7 .22

v 4,16x10” " 32.9 ---

R34 236 z 1.08x10™2 38.7 41.5 .26

Dur ango S1°31'E R 1.48x10°2 " 41.3 .44

T 6.28x10"3 " 43,0 | .42

v 1.75x10” " 41.3 ——

R40 273 z 3,54x107° - (2.3) .25

Rawlins N13°17'E R == -—- - -—

(Wyo.) T 2,93x10 - (2.6)| .57

v (4.39x1072) - —-- ——

R41 296 "z 9.20x107> 46.8 .52.8 .52

Farmington S4°08'W R 5.43x10°3 - " 51.4 .20

(N.M.) T 4,18x1073 " 89.4 .25

Y 1.00x10"2 t '53.4 -
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TABLE A-4. PEAK VELOCITIES RECORDED AT
ALLUVIUM STATIONS, L-7 INSTRUMENTS
RULISON EVENT '

- | FirsT PEAK .
' NUMBER/ SLANT COMPONENT PEAK ARRIVAL | ARRIVAL| PEAK
STAT ION DISTANCE VELOCITY TIME . TIME |PERIOD.
(km) /Bearing (cm/sec) (sec) ‘(sec) | (sec) .
R35 104 z 6.50%10™ % 18.7 40.8 .12
Rangely N43°50'W R 1.88x107 1 " - 40.2 .14
T 1.28x10 " 41.2 .12
v 2.,18%1071 " 41.2 -
R47 254 z 1.11%10°2 - (6.7) .40
Denver N82°03'E R 2.04x10" - (2.2)] .27
T 6.20x10"3 -t (38,0)| .62
v 2.10x1072 —-- (2.2)| ---
R42 296 z 9.24x10" 3 46.6 53.4 .55
Farmington S4°08'W R 5.85%x10"3 " 53.0 .62
(N.M.) T 6.16x10~3 " 54.8 .38
\Y 1,08x10" " 53.4 -
R44 367 z 2.25x1072 - (47.6)| .45
Salt Lake N66°11'W R - N ——e -
(Utah) T 1.80%10" -——- (48.4)| .72
v _——— ——— .

(2.60x10™2)
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TABLE A-5.

PEAK DISPLACEMENTS RECORDED AT
HARD ROCK STATIONS, L-7 INSTRUMENTS
RULISON EVENT

PEAK

FIRST

NUMBER/ SLANT COMPONENT PEAK ARRIVAL | ARRIVAL| PEAK
STATION DISTANCE DISPLACEMENT | TIME TIME |PERIOD
(km) /Bearing (cm) (sec) (sec) | (sec)

'R45 4.9 z 7.52x107 1 1.2 1.3 .24
attlement S22°531E R 1,22x10° " 2.7 .40
Mesa T '9,40x10_ " 2.6 .30
v 1.60x10° " 2.7 -
RO3 6.2 z 8.03x107 1 —- (0.10)| .20
ies Orchard| N20°13'W R 4.36x1071 - (1.86)| .30
lorrisania T 2.65x1071 ——- (0.36)| .15
Mesa) v 8.56x10" 1 - (0.10) | ---
RO2 6.4 z 4,96x1071 ——- (0.08)| .24
:mon Ranch N12°28'E R 3,10x10” S (0.08) | .24
»lmes Mesa) T 1.24x1071 - (0.64)| .45
v 5.89x10° L S (0.08) ---

RO4 8.7 z 3.81x107} —-- (0.12)| 16
Rulison N6°47'E R 5.08x10"1 ——- (2.80)| .20
T 2.22x107} - (2.66)| .18

v 5.38x1071 ——- (2.80)| ---

R25 10.6 z 1.59x107 % 2.3 2.5 .12
‘and Valley N59°431W R 2.18x1071 " 5.2 | .15
' T 9,70x1072 " 4.5 .20

v 2.36x1071 " 3.8 _—

RO6 12.7 z 1.03x10" 2} 3.8 6.7 .20
ichardson s3°251W R 1.61x1071 " 4.9 .19
Ranch T 1.47x10° " 4.1 .16
v 1.86x1071 " 5.0 ---

RO7 13.3 z 1.54x1071 - (o0.11) | .20
vil Points N10°53'E R 1.37x10"1 ——— (1.09) | .25
T 1.16%10 ——- (1.44) | .24

v 1.55x10 S (0.11) | ---

RO8 14.6 z 6.40x10:2 3.2 8.5 | 2.60
lobil Mine N1°49'W R 3.50x10 " 10.6 | 2.30
- T 4.09x10"2 " 9.3 | 3.60

v 6.92x10"2 " 8.5 ——-
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TABLE A-5, PEAK DISPLACEMENTS RECORDED AT
" HARD ROCK STATIONS, L-7 INSTRUMENTS
RULISON EVENT (CONTINUED)

- N ' FIRST PEAK
NUMBER/ SLANT | COMPONENT 'PEAK ARRIVAL | ARRIVAL| PEAK
STATION | DISTANCE DISPLACEMENT | TIME TIME |PERIOD
(km) /Bearing (cm) (sec) (sec) | (sec)
RO9 18.0 z 6.96x10f§ 4.5 4.6 .38
lnion Carbide N40°21'E R 8.70x10" " 5.8 17
Plant T 8.70x10"2 Nt 5.8 .18
v 1.39x10° " 5.8 -
R26 20.2 z 8.75x10 2 5.3 5.5 .23
Rifle ' N45°38'E R 6.93x10‘2 " 8.9 .38
(Church) T 6.87x10" " 5.5 .40
v '1.06X10" " 5.5 —
R27 20.2 z 1.09%x107} 5.4 5.5 .20
Rifle N45°38'E R 1.08x10" " 5.6 .38
(Top of Hill) T 7.90x1077 " 5.7 .34
. ' \Y 1.41x10 " 5.7 _—
R12 22.8 z 8.20%10"% 5.8 6.6 .20
DeBeque S$71°05! "R 6.04x10"2 " 10.5 | .35
School #1 T 7 .77x10~2 " 10.5 .80
(1001) v 9.92x1072 " 10.5 -
R13 22,8 z 1.22x10‘;' 5.8 6.6 .20
DeBeque S71°05'W R 7 .48x10"° " 7.0 .25
School #2 T 1.87x10" 1 " 10.7 .25
(10001) \Y 2.06x10" " 10.7 -—-
R14 . 29.8 z T - - ——-
Silt N57°56'E R 6.84x10" 7.2 12,2 1.75
T e " — -
Y (6.84x1072) ——- 12,2 ——-
. R17 32.4 z .3;79x10'§' 6.2 7.9 | .26
Harvey N48°34'E R 3.56x10° " 7.8 .50
Gap Dam T 3.56x10-2 " 7.8 . .42
| v 5.57x1072 " 7.8 .
R18 33.5 'z 3.98%x10°2 7.7 9.5 .35
DeBeque S55°38'W R 2.54x1072 " . 9.6 .30
Canyon T 2.86x102 " 10.2 .30
Y _ 4.13x1072 " 9.5 _—
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TABLE A-5., PEAK DISPLACEMENTS RECORDED AT
HARD ROCK STATIONS, L-7 INSTRUMENTS
. RULISON EVENT (CONTINUED)

FIRST

PEAK
NUMBER/ SLANT COMPONENT PEAK ARRIVAL | ARRIVAL| PEAK
STAT ION DISTANCE DISPLACEMENT | TIME TIME | PERIOD

(km) /Bearing (cm) (sec) (sec) (sec)

R19 40.4 z 3,00x10"2 7.3 9.0 .30
New Castle N62°47'E ‘R 4.94x10~ " 8.8 | .45
| T 1.59x107 " 15.6 .65.

v 5.65%10" " 8.8 ——

R20 42.8 z 1.84x10°2 8.3 | 10.7 .15
Cameo 'S48°21'W R 3,30x1072 no 11.1 .45

B T 2,41x10" " 17.7 .25

v 3,43x10"% g 11.1 .

R22 55.4 z - —-- - -
Cedaredge S2°07'E R -—- -—= - -
, T —_——— - —_— _—
Y, _—— _—— _—— S

R28 56.2 z 7.96x107> Sa- (22.7)| 3.30
Glenwoad N73°15'E R . 9,57x10"3 —n- (3.8)] .as8
Springs T 4.23%107 —-- (4.2)| .37
v 1.11x10" - (3.8)| " ---

R24 65.4 z 5.08x1073 11.9 12.0 .16
3rand Junction| S$54°50'W R 1.06x10™2 " 29,2 .44
(Motel-Gnd) ' T 8.13x1077 " 30.9 .20
v 1.22x10" " 20,2 -

R48 66.8 z 6.66x107> - (6.2)] .65
Paonia S27°05'E R 1.10x10:§ _—- (15.2)] .18
o T 9.76x107 > . -- (13.9)| .17

v 1.28x10"2 —-- (15.2)] ---

R29 70.4 z 4,95x103 —- (25.1)| 2.03
Meeker N2°20'E R 4.95x1073 - (26.6)| 1.70
T 6.30x1073 — (24.0)| 3.40

v 9.00x10"3 ——- (24.0)| ---

R43 75.2 'z 4.56x10°3 ——- (0.1)] .zs
Delta S7°45'W R 7.98x10"3 .- (1.9)] .72
T 4,56x10" -— (16.6) .20

v 7.98x10"3 - —--
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- TABLE A-5. PEAK DISPLACEMENTS RECORDED AT
HARD ROCK STATIONS, L-7 INST RUMENTS
RUL ISON EVENT (CONT INUED)

. | FIRST | PEAK |
NUMBER/ | = SLANT | COMPONENT |.  PEAK ARRIVAL | ARRIVAL| PEAK
STAT ION DISTANCE | DISPLACEMENT | TIME TIME |PERIOD|
: ' (km) /Bearing (cm) (sec) .(sec) | (sec) |
R31 100 z 3,86x10™> ——- (30.5)| 3.10
Eagle | N73°57'E. R 3,72x10"3 S (29.9)| 3.74
| T 2.93x1073 S (25.0)| 3.80
v 4.26%10 - (30.3)| ---
R30 100 z v4.82x1052 —— (2.5)| .22
Aspen S76°37'E R 9.10%107> - (2.8)] .22
| T 1,17x10" - (12.8)| .46
v 1,28x10"2 - (13.8)] ---
' R36 104 z 4.l1x10-g 18.7 77.5 | 3.35
Rangely N43°50'W R 3.45x10’3 " 72,7 3.32
| T 2,65%10" " 66.9 | 2.55
v 4,37x1073 o | 77.s -
R38 127 z 2.10x1073 g (1.6)| 1.36
Craig N16°30'E R 2.60x10"§ -——- | (36.0)| 2.72
T 2.21x10'3 - (46.3)| 3.95
v 3.04x10” — (36.0)] --—-~
R37 179 z 2.31x10°> | 30.3. | 33.0| .45
Silverton . S7°52'E R 2.18x107>. no | 33.0 .43
' T 1.19x1073> " 80.3 | 3.90
\ v 3.,04x1073 noo 33,0 ——
R34 236 z 1.29%1072 | 38.7 41.4 .80
Dur ango S1°31'E R 1.88x10_ " 41.4 | 1.03
| T 9.19%10 "o 105:9 | 4.25
Vv 2.25x1o’3 " 4.4 ——
R40 273 z 2.39x1073 | --- (2.0)| .55
Rawlins N13°17'E R -—- - -——— -
(Wyo.) T 1.54x1073> | - (2.5) .55
| , v (2.62x1073) - T
R41 1. 296 'z 1.33x1073 46.8 49.5 | 1.65
Farmington 54°08'W - R 1.41x1073 n o | 120.4 | 4.47
(N.M. ) - T g8.84ax10"% [ » 132,7 | 3.80
v 1.47x10°3 " 49.5 —--
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TABLE A-6.

PEAK DISPLACEMENTS RECORDED AT
ALLUVIUM STATIONS, L-7 INSTRUMENTS
RULISON EVENT

| . FIRST PEAK .
NUMBER/ ' SLANT COMPONENT PEAK ARRIVAL | ARRIVAL| PEAK
STAT ION DISTANCE DISPLACEMENT | TIME TIME |PERIOD

: (km) /Bearing (‘cm) (sec) (sec) | (sec)
R35 104 z 3.46x107> 18.7 71.9 | 2.95
Rangely N43°50'W R 5.56x1077 " 42,9 .18
' T 4.64x10” " 41.2 .18

v 5.99x10"3 " 42.9 | ---

R47 254 z 2.08x1073 ——- (62.4)] 3.65
Denver N82°03'E R 2.30x10" _——— (68,7)| 4.38
T 2,55%x1072 ——- (52.3)| 4.88 .

v 2,83%x10°3 ——- (68.7)] ---

R42 296 z 1.25%10°3 46.6 48.7 | 1.65

Farmington S4°08'W "R 1.10x10° " 119.3 | 4.40

(N.M.) T 8.13x10" " 126.8 | 5.00

: v 1,39%x10™3 " 50.3 ——-
R44 367 z 2.54x1073 --- (49.8)| .58
Salt Lake N66°11'W R —— —_— | --- -
City | T 2.01x1072 ——= | (103.3)| 4.35
(Utah) \Y (3.13x10-3) -—- —- -

-78-




I A

"Distribution - NVO-1163-197

Mr. R. A. Johnson, AEC/NVOO, Las Vedas, Nevada (3 copies)
Mr. R. R. Loux, AEC/NVOO, Las Vegas, Nevada (16 copies)
Dr, R. L. Aamodt LASL. Los Alamos, New Mexico (1 copy)
Mr. Robert Campbell LASL_ Los Alamos, New Mexico (1 copy)

Mr. R, W. Newman, LASL, Los Alamos, New Mexico (1 copy)

Dr. W, E, Ogle, LASL, Los Alamos, New Mexico (1 copy)

Dr, J. W. Hadley, LRL, Livermore, California (1 copy)

Mr, W. J. Hannon, LRL, Livermore, California (1 copy)

Dr. G. H., Higgins, LRL, Livermore, California (1 copy)

Dr., Fred Holzer, LRL, Livermore, California (1 copy)

Dr. H, L. Reynolds, LRL, Livermore. California (1 copy)

Mr, D. Springer, LRL, Livermore, California (1 copy)

Dr. G, C. Werth, LRL, Livermore, California (1 copy)

Dr., J, R. Banister, Sandia Corp., Albuquerque, New Mexico (2 copies)

Dr. M, L. Merritt, Sandia Corp., Albuquerque, New Mexico (1 copy)
W,

Dr. E. Weart, Sandia Corp., Albuquerque, New Mexico (1 copy)-
DTIE, Oak Ridge, Tennessee (1 copy) A r

Dr. M, B, Biles, AEC/DOS, Hg., Washington, D.C. (1 copy)

Mr, J.S. Kelley, AEC/DPNE, Hq., Washington, D.C. (1 copy) .

Maj. Gen. E. B, Giller, AEC/DMA, Hq., Washington, D.C, (2 copies)

. P. L. Russell, USBM, Denver, Colorado (1 copy).

Mr. Wendell Mickey, USC&GS, Rockville, Maryland (1 copy)

Dr. W, S. Twenhofel, USGS, Denver, Colorado (1 copy)

Dr, J. A. Blume, John A, Blume & Associates, San Francisco,
"California (2 copies)

Mr. Richard Hamburger, AEC/DPNE, Hq., Washington, D.C. (1 copy)

Mr., Eberhardt Rechtin, ARPA, Hq., Washington, D.C. (1 copy)

Mr, L. E. Rickey, H&N, Las Vegas, Nevada (1 cony)

Mr. K. W. King, USC&GS Las Vegas, Nevada (2 copies)

Dr, L. B. Werner, Isotopes Inc., Palo Alto, California (1 c0py)

Mr. T. F,. Thompsoh, San Francisco, Callfornla (1 -copy)

Dr. N, M. Newmark, University of I111n01s Urbana, Illinois (1 copy)
Mr. S, D, Wilson, Shannon & Wilson, Inc., Seattle, Washington (1 copy!
Dr. D. U. Deere, University of Illinois, Urbana, Illinois (1 copy)
Dr. G, B. Maxey, University Station, Reno, Nevada (1 copy)

Mr. L. G. vonLossberg, Sheppard T. Powell & Associates, Baltimore,

Maryland (1 copy) _ .
Dr. Benjamin Grote, TCD-B, DASA, Sandia Base, Albuquerque, New
Mexico (2 copies) ‘
Mr. Charles Atkinson, USBM, Bartlesville, Oklahoma (1 c0py)
Resident Manager, H&N, MerCury Nevada (1 copy)
Mr, Lyman W, Heller, WES, Vicksburg, Mississippi. (1 copy)
Environmental Research Corporation, Las Vegas, Nevada (1 copy)
sironmental Research Corporation. Alexandria, Virginia (5 copies)

recorteons

SRLETY RIL3)



LEGAL NOTICE

Th:s report was prepared as an account of Government sponsorcd work. Neither the United States.
gor the Commission, nor aay person acting on behalf of the Commission:

A. Makes any warranty or represenation, expressed or implied, with respect to the acmracy,
completeness, or usefulness of the information conwmined in this report, or that the use of any
information, apparatus, method o1 process dxsclosed in this teport may oot mfnnge privately
owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages resulting from the
use of any information, apparatus, method, or process disclosed in this report. .

As used in the above, “persons acting on behalf of the Commission” iancludes any employec
or contractor of the Commission, or employee of such contractor, to the extent that such employee
or contractor of the Commission, or employee of such contractor prepares, disseminares, or provides
access to, any information pursuant to his employment or contract wu:h the Commission, or his
employment with such contractor.
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