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INTRODUCT ION

This report presents a preliminary evaluation of the

seismic data for the nuclear explosion MILROW which was

available at the Seismic Data Laboratory on 10 December

1969. MILROW is the name given to the large underground

- nuclear oxloOjr roported yield of about one megaton,

detonated on Amchitka Island in the AlecuLiujis it

22:06:00.04Z, 2 October 1969 (Table I).

This analysis includes location determinations, ampli-

tude, and magnitude estimates for MILROW and compares them

to the results for LONG SHOT, an 80 kiloton explosion.

With regard to epicenter determination, we compare -the

initial location determination for MILROW, to the initial

location determination for LONG SHOT using Herr;.n 68 travel

time curves without travel time anomalies. Further, we

employ a station network common to MILROW,. and LONG SHOT to

locate the epicenter of each event with and without travel-

time anomalies.

The report compares amplitude measurements, magnitude

estimates, and phases received for MILROW with those from

LONG SHOT when possible. The preliminary measurements pro-

vide an opportunity to determine what gross differences, if

any, are readily apparent between a large explosion (MILROW)

and a smaller one (LONG SHOT), from the same epicentral

region.
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IGOCATION

Mierofilm recordings for nine Long Range Seismic

ileasurements (LRSM) stations and VELA Obscervatories were

originally read for arrival times at the Seismic Data

Laboratory (SDL) for the IILROW event. These were supple-

mented by 125 aroival times for USCOGS reporting stations

taken from the U.S. Department of Commerce, ESSA, Earth-

quake Data Report (EDR) No. 649-69, 22 October 1969. The

arrival times for all 1?': -tations are presented in Table

II. Arrival times for the LONW SHOT event are those indi-

cated in SDL Report No. 234. All the networks used in

locating MILROW and LONG SHOT in this report have good

azimuth coverage (approximately 300 degrees aperture).

The MILROW event was first located using program SHIFT,

the lHerrin-6S travel time tables, and arrival times for all

134 stations. The resultant shift from the known location

was 22.7 km on an azimuth of 3390 (Figure 1). This compares

favorably with the 328 station location for LONG SHOT which

moved 20.6 km on an azimuth of 3450.

Next, a common network of 73 stations which recorded
both MILROW and LONG SHOT, including eight LRSH and observa-

tories, was used to locate the two events. The errors in

location are very similar (Figure 1) to those obtained with

the total network. MILROW shifted 21.8 km on an azimuth of

3330 wLile LONG SHOT shifted 22.7 km on an azimuth of 3350.

The similarity is not surprising as the networks both have

the same azimuthal coverage, are large in number of stations,

and the comnmon network is a subset of the LOWS SHOT and

MILROW networks. It should be noted that the common network

solutions within reading error, exhibit the same separation

__OI



aL the actual locations.

Travel-time anomalies were determined for the common

-R station network using the Ilerrin-68 travel time tables and
are plotted against station name in Figure 2. The stations

care arranged in order of azimuth. The anomaly points are

arbitrarily connected in the figure but this does not

} imply that a continuous function exists. There are -two

gaps :1n the data occurring between stations PAS and MOK and

between IAIi and BRS. These gaps are 54I" and 630 wide, re-

spectively.

The common network solutions for MTLROW and LONG SHOT

shift similarly. The events are very close to each other,

and The travel-time anomalies for the two events are very

nearly the same. Thus, one should be able to locate MILROW

using anomalies determined from LONG SHOT and similarly

locate LONG SHOT with anomalies determined from MILROW. The

exercise was conducted with the following results. MILROW

shifted 1.2 km on an azimuth of 210 and LONG SHOT shifted

0.9 km on an azimuth of 1900 (Figure 1). The two vectors
are very short and nearly mirror images of each other. Thus

we conclude that MILROW and LONG SHOT are in the same travel-

time anomaly region and the "bias" does not change from one

site to the other for the 73 station common network used.
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AMPLITUDE AND MAGNNITUDE ESTIMATES

The amplitude and magnitude; estimates were determined

by visual analysis of LUSH and VELA observatory film records
•available at the ODI ind wherc ampli.tudes arc not measurable

on film, magnetic tape playouts are used. Amplitudes are

Sreduced to particle velocity (A/T) in mili:,micruns/second.

SMagni rudes are computed using the standard GuterLberg formulas.

These data are tabulated in Table III and include all opera-

tional LRSM and VELA observatory seismograms available to

t:he SUL.

Figures 3 and 4 show body wave and surface wave magni-

tudes respectively for MILROW, and for LONG SHOT stations

common to MILROW. The MILROW magnitudes, in general, show

the same pattern of variance between stations as do the

corresponding LONG SHOT magnitudes. Further the difference

between body wave and surface wave magnitude is (mb - M )
1 sS(6.41 - 4.69) = 1.72 for MT1,R1OW and (mnb - M ) = (5.35 - 4.06)=

1.79 for LONG SHOT. Therefore, little or no difference in

the relative excitation between P and Rayleigh wave is observed

between the two events. I
Figures 5 through 10 show the measurable amplitudes for

1F, long-period P, PeP, Love Waves, Rayleigh waves, and P'P'.

For LONG SHOT, only P, PeP and Rayleigh waves were consistently

-present. However, for MILROW the presence of long period 1,

and 1P'' implies a difference in size of source dimensions, an

expected result since the yield of MILROW is an order of mag--

S-nitude greater than that of LONG SHOT. The presence of Love

waves suggests the occurrence of tectonic strain release, but

other equally valid explanations exist.
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SUMMARY AND CONCLUS IONS

1. The initial location of MIBROW raade using 134 s;ta-

tions indicates a shift of 22.7 km at an azimuth of 3390

from the actual epicenter. LONG SHOT epicenter was shifted

-20.6 km at an azimuth of 3450 using 328 stations.

Employing a common network of 73 stations for MILROW

Sand LONG "HOT, epicenter shifts of 21.8 km and 22.7 km at

azimuths of 3330 and 3350 were obtained.

Travel-time anomalies determined for MILROW and applied

to LONG SHOT, and vice versa gave locations of about 1 km

from the actual epicenters. Thus the location problems are

identical to those encountered for LONG SHOT. However, LONG

SHOT calibrated the Amchitka region in terms of travel-time

anomalies and an accurate location of MILROW is possible

with the use of mostly telegraphic data. Further, we would

expect little improvement with detailed >:edetermination of

ar-ival times.

2. Relative excitation between body and Rayleigh waves

for, MILROW and LONG SHOT are similar and in terms of differ-

ences between P wave and Rayleigh wave magnitudes (mb - Ms) s

(6.41 - 4.69) = 1.72 (21 station averages) for MILROW and

(m b - Ms) (5.85 - ['.06) = 1.79 for LONG SHOT.

3. In addition to P, PoP, and Rayleigh waves observed

for LONG SHOT, long-period P, F'P', and Love waves are observed

for MI4IROW. The presence of long-period P and P'P' would be

expected since the yield of !ILROW is an order of magnitude
greater than LONG SHOT and the presence of Love waves suggests

some type of tectonic strain release may have occurred.
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TABLE 1

Event Description

UDate: 02 October 1969

Time of Origin: 22:06:00.039Z

Yield: About one megaton, AEC press release No. M-225,

24 September 1969

Magnitude: mb = 6.41 (determined from 21 LRSM and VELA stations)

Ms = 4.69 (determined from 21 LRSM and VELA stations)

Location: Amchitka Island, Aleutian Islands

Coordinates:

Latitude: 51 0 25'02"N

Longitude: 179010?56''

Environment:

Geologic Medium: Tuff (?)

Surface Elevation: 130 feet above mean sea level

Shot Depth: 3992 feet.
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TABLE I I

"Arrival time data used in locating MILROW

in order of incresing azimuth

f Event Name *020CT69 MILROW

Latitude 51.418N Longitude 179.187L
__ •134 Stations

SSTATION ARRIVAL TIME STATION ARRIVAL TIME STATION ARRIVAL TIME,

NOR 22 14 29.90 YKC 22 13 1.60 PG2BC 22 12 47.90

SIFR 22 19 22.40 SCM 22 10 41.20 CPO 22 16 45.70

SRBA 22 19 19.00 PMR 22 10 29.50 SES 22 13 52.80

AVE 22 19 22.80 MNT 22 16 36.70 CAR 22 19 27.00

KTG 22 15 48.10 WES 22 16 59.80 LAO 22 14 31.30

ALE 22 13 57.10 OTT 22 16 30.60 111AM 22 13 48.50

BRW 22 10 59.60 BEC 22 18 5.00 NTI 22 13 33.50

NP-NT 22 12 44.40 BIG 22 9 52.00 PNT 22 13 17.00 N

MBC 22 12 44.20 RK-ON 22 15 3.60 NEW 22 13 34.00

RES 22 13 36.00 GEO 22 16 58.70 TUL 22 16 5.50

FBC 22 15 20.40 CLE 22 16 31.80 BMO 22 13 48,80

TNN 22 10 36.90 MRG 22 16 46.50 TJC 22 15 24.00
FB-AK 22 10 48.90 AAM 22 16 20.90 UBO10 22 14 47.10•

PJD 22 10 51.50 CHC 22 17 7.00 BlIP 22 18 59.80

GIL 22 10 50.60 KDC 22 10 .60 DUG 22 14 32.50

BLC 22 14 1.10 CHI 22 16 8.00 JCT 22 16 15.00

COL 22 10 50.00 SJG 22 19 1.00 ALQ 22 15 26.90

iLR 22 10 53.80 TRN 22 19 39.60 EUR 22 14 21.50

1IN-ME 22 16 50.40 EDM 22 13 32.30 KN-UT 22 14 48.45

SFA 22 16 37.20 SIT 22 11 38.20 LC-NM 22 15 39.20

FCC 22 14 28.50 DBQ 22 15 54.20 SSS 22 18 11.10

SVW 22 9 57.20 ORT 22 16 48.60 QUI 22 19 36.00

NNU
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TABLE II (Cont'd.)

Arrival time data used in locating MILROW
in order of increawing azimuth

_STATION ARRIVAL TIME STATION ARIRIVAL TIME STATION ARRIVAL TIME

__ COM 22 17 53.00 T1IIT 22 17 36.80 DDR 22 12 30.00

TFO6O 22 15 9.20 GNZ 22 ',8 58.00 OIS 22 13 2.00

MIN 22 13 49.00 KRP 22 18 55.80 SAP 22 11 40.30

NIMA 22 15 9.10 CRZ 22 18 40.00 SItL 22 17 1.00

TUC 22 15 20.80 RIV 22 18 53.80 NDI 22 17 41.40

FttC 22 13 35.70 BRS 22 18 20.20 JER 22 19 4ý50

JAS 22 14 5.80 TOO 22 19 16.20 BUD 22 1S 8.88

UKI 22 13 47.60 RAB 22 16 7.20 NUR 22 16 48.00

IMDC 22 13 59.10 CTA 22 17 52.30 SOD 22 16 3.00

SSLD 22 14 6.70 KDB 22 16 52.00 ZAG 22 18 19.60

MHIC 22 14 3.50 PMG 22 16 51.00 VKA 22 18 6.00

OLC 22 13 53.50 GRK 22 16 35.50 PRU 22 17 57.70

11CC 22 14 5.10 KLG 22 19 27.50 UPP 22 16 37.30

CRC 22 14 1.20 GUA 22 14 28.20 KHC 22 18 3.20

STC 22 14 9.30 DAR 22 17 48.00 KIR 22 16 4.50

PRI 22 14 14.90 MUN 22 19 43.00 CLL 22 17 49.70

PAS 22 14 36.00 MEK 22 19 18.50 FUR 22 18 9.00

MOK 22 12 53.60 DAV 22 16 22.90 MOX 22 17 55.50

OPA 22 12 51.50 QCP 22 15 59.00 GRF 22 18 1.70

KIP 22 12 53.10 BAG 22 15 51.00 COP 22 17 27.00I lON 22 12 54.40 SRK 22 12 23.60 STU 22 19 7.20

BAIL 22 12 53.70 SRY 22 12 32.10 KRL 22 18 6.30

BNS 22 17 55.80

BER 22 17 .20
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Figure 1. Location results for LONG SHOT and MILROW using
Herrin-68 travel-time tables with and without
travel- ime anomalies.
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