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\Durlng the week!I of flarch 19-23, 1979, ERIM geophones and hardware

%were deployed at Ft. Dragg, North Carollinah to record seismiic sfgnals'

from firing artillery in the presence of background sources such as

field velkicles and aircraft. The data were recorded on analog magnetic

tape at two sites. For each site, the output of a 3 axis scisinoreter,

N a microphone, and time code were recorded. c-

N1 At ERIH, previously recordeed data ~froi 'seis:nic studies at Egi in,

Ft. Sill) and Hinnesota'were id(_ntified. Data from the Ft. Bragg

mission were digitized and sent to Dr. Roger Turpening at MIT Lincoln

Labs (Appendix A).

Because of cor~nitm.crnts of the scismics recording van to other field

prcZ~--- In June and early July, digit-!'"will be deferred. Ile

aticipate to conplete all digitizing and tape delivery withIn the

next quarter.
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APPENXDIX

S /RS h~_ !iI~UT[ OF/,iiC1~6iiSJ

P.O. BOX 661L ANN ARO OO MiCHIGAN * 4107 PHONE (313) 094-1200

APPLICATIOMS DIVISIOM 6 June 1979
* Resources & Technoloj'. RT-ARL-1279

Roger M. Turpening
Applied Seismoloqy Group
Lincoln Labs - MIT
42 Carleton Street

*.Cambridge, Massachusetts 02142

Dear Roger:

Enclosed please find the following iteins of docu,;.cntation for'aitillery
location data collectpd at Ft. Bragg in March 1979 and digitized in Play 1979.

1. Copy of digital data log sheets (field logs)
2. A transcription of log sheets
3. A chart of events correlated by time of day
4. A list of approxivute times of 175 r: shots on Mhrch 21
5. A :opy of the output q.-nerated from -upying 800 U8PI tapes to a

6250 BPI tape (to be archived at [RII.)
6. A copy of *LA9.LS,,IFF output (an iTS routine w.hich lists tape

file inforatios) for the ERII.I 6250 save tape
7. Rough plots of digital data for events 20-24 ('0E: The first data

channel - high gain vertical - w.as not plotted on so;i:e of.
these due to its noise content)

Under separate cover you should find 4 (four) magnetic tapes at 800 BPI
containing the digital data.

These items of data and documientation should he sufficieat for you
to proceed :ith your analyses at: MIT. This is in partial fulfillent of
contract N00014-79-C-0350, [RII account 140900. Of course, if you have
any further question, please call.

Yours truly,

Abby R. Liskow

ARL: njm
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iS ARCH INSTITUTE OF MICHIGAN
P.O, BOX 8618 0 ANN ARBOR e MICHIGAN .48107 PHONE (313) 994-1200

APPLICATIONS DIVISION 21 November 1979 0' j- 1 *

.Resources & Technology . 140900-2-L -

Dr. Robert Andrews

Department of the Navy

Office of Naval Research

Earth Physics Program, 311 BCT, #1

Arlington, VA 22217

Dear Dr. Andrews:

This letter will document the current status of digitizing seismic

records from our historical data set and requests clarification as to

how to proceed. Work is being performed under contract N00014-79-C-0350.

To date, the following tasks have been accomplished:

1. Data of artillery firings at Ft. Bragg, North Carolina were collected

and sent to Dr. Roger M. Turpening at MIT.

2. Existing Grayling and Zimmerman digitized seismic data were duplicated
(to the extent that the old digital tapes could be read) and

delivered to Dr. Turpening.

3. Some 3-component seismometer events of mortar and howitzer firing, as
monitored by the circular array at Eglin Air Force Base have been
digitized and sent.

At the present time, available contract funds have been exhausted. The

reason for the higher than anticipated spending rate is that we have had
greater than anticipated difficulty locating the old analog tapes and in
locating and repairing analog tape recorders to reproduce these data.

Although ERIM could proceed to complete digitizing the remaining data if

additional funds were available, it is my understanding from our telephone
conversation of 16 November that you would prefer to stop work.

I have contacted George Aitkin of USA-CRREL, and he is interested in
taking over the existing analog tape library along with the existing documenta-

tion. Although the details have not yet been worked out, I am reasonably
confident that we can come to some mutually agreeable arrangement for
transferring the data to CRREL.

I would like to thank you for your interest in ERIM's seismic data library
and your support of our digitizing efforts. I hope that we can work together

in the future.

Very truly yours,

Frederick J. Thomson
cc: D. Lowe

II. Courtney (140900)

--- .. ..... . • -
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MASSACHUS-TTS INSTITUTE OF TECHNOLOGY

LINCOLN LABORATORY
31 October 1978

Applied Seismology Group Area Code 617
42 Carleton Street 253-7851
Cambridge
Massachusetts 02142

Dr. Robert S. Andrews
Code 463
Department of Navy
Office of Naval Research
Arlington, VA 22217

Dear Bob, L
Seven sets of artillery data exist that are important to the current

seismic location research. In chronological order they are:

1968 Jefferson Proving Ground Data
1971 Huntsville, Alabama
1971 Eglin Air Force Base, Florida
1971 Ft. Sill, Oklahoma
1973 Ft. Sill, Oklahoma
1974 Grayling, Michigan
1975 Zimmerman, Minnesota

The Grayling data and the Eglin data are especially important since
both were gathered in an alluvium type environment (i.e. no rock within
one wavelength). In fact both areas were mostly sand. I know that the
glacial till maps for Michigan show the till to be about 700-800 feet
thick on the Air National Guard" range where we 1Aad our 4.2 inch mortar
set up. Needless to say the surface waves from recoil from Eglin look
very much like those from Grayling.

Now, the Grayling and the Zimmerman data are in digital form while
the Eglin data is on analog tape. Therefore the Grayling data can be
had at very little cost. The Eglin data is necessary to complement
NCSC's Eglin data. The other data (Jefferson, Huntsville, Ft. Sill)
would help to show the variation in signal types in other geologies.
The Grayling and Zimmerman data are array data whereas the others are
all "single station" data.

It goes without saying that the cost to plan, prepare and collect
this data was large (Jefferson approx. $30K; Huntsville (1971), Eglin
(1971) Ft. Sill (1971) approx. $120K; Ft. Sill (1973) approx. $30K;
Grayling $80K; Zimmerman $20K). Now, for a very modest expenditure, it
can make a valuable contribution to current efforts.

- - a~ . M .C~~ &~t.. ~~AS .a..........r
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31 October 1974 Dr. R. S. Andrews Page Two

In 1971 the single stations were-deployed in two different geometries,
circular- and linear. The circular data is excellent for studying the
t..-p .... n (Love, Rayleigh) as a function of azimuth.
This was not done in my reports. I only made the remark that most of
the time the horizontal seismometers had the-largest amplitudes. The
linear geometries show rate of attenuation and a simple limit of detection.
The Ft. Sill (1973) data is the only data with actual seismic shell
burst data. The Jefferson data is the only 8 inch howitzer data that we
have. In short, I'm saying that all of the data are desirable for
study. To digitize it all would be expensive. I therefore propose the
following restricted program.

First, dub the Grayling and Zimmerman data at the University of

Michigan computing center and deliver all dubs to Lincoln Labs.

Second, set up a digitizing facility at E.R.I.M. that has a good
six trace hard copy machine in it so that the operator can see what is
being digitized.

Third, man the digitizing facility with a computer operator -
Harvey Wagner or Ken Knorr and a man who was on all of the above mentioned
field trips - Cy Frolich. (Leo Leverault - in the case of Zimmerman).
Leo Leverault should be used only as a consultant.

Fourth (this step is divided into artillery recoil and shell
burst), for recoil find good high charge records for each station and
digitize three such high charge records. The stations desired are all
of those that used three-component seismometers. During the shell burst
recording sessions (Ft. Sill 1973) only three-component seismometers

*were used.

Stations - The three-component stations desired for digitizing are
determined as follows:

For all 1971 data (Eglin, Huntsville, Ft. Sill) we wish
all eight three-compoftent stations that were deployed around
the 1/2 km circle at each site. On the linear geometry we
request all the stations with at least fair signal to noise
ratio. This means for:

155 mm howitzer
Ft. Sill - all stations Out To and Including (O.T.I.)

3 Km.
Eglin - O.T.I. 5 km.
Huntsville - O.T.I. 4 km.

_-ho- _
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31 October 1975 Dr. R. S. Anurewz Page Three

105 mm howitzer
Ft. Sill - O.T.I. 2 km.
Eglin - O.T.I. 3 kn.
Huntsville - O.T.I. 3 km.

4.2 inch mortar
Ft. Sill - O.T.I. 3 kn.
Eglin - O.T.I. 4 km
Huntsville - O.T.I. 14 km.

For the Ft. Sill 1973 data (shell burst recrods) there are four
three-component stations available for Cy to examine. The report of
Adams, Siekmeier and Turpening (1974) shows some 105 mm shell bursts
(for example #19) to be good but others (#17) to be noisy. Cy should
scan yet some others.

In the Jefferson Proving Ground data only three three-component
stations were deployed. All of these were at a range of 1 kI and all
weapons except the 60 m mortar were well recorded.

The low charge of all weapons - at all distant sites - especially
the small weapons make excellent seismic recordings of the air wave,
therefore some of those should be digitized. Cy should examine the
distant stations for low charge firings to get several (say, ten) good
recordings of microphone and three-component data.

Time correlation between individual tape recorders for any one
given shot was achieved by recording zero time on one tape recorder (the
CP-100 usually) as well as WWV and all other tape recorders recorded
WWV. Therefore during the digitizing process the WWV channel must be
digitized also. Thus the basic unit of digitization shall be four (4)
channels of data, the three-component seismometer and WWV, except for
that one tape recorder which had zero time on it. On that tape recorder
five (5) channels of data must be digitized.

The length of any given record is short, usually no more than 5
seconds. Therefore the actual act of digitizing is not time consuming
but rather the work lies in finding the correct data on tape. Therefore
I propose that the digitizing program proceed until a fixed amount of
money (whatever amount you can conveniently spend) is consumed. The
digitizing should stop at that point. Naturally this implies that the
data must be arranged in some order. Furthermore only a fixed amount of
money should be spent to set up the digitization facility. Without such
a first order limit all of the money could be consumed just getting the
equirment to work. I propose a limit of six (6) man days to set up the
entire digitization facility, find, select and organize the correct
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analog tapes and logs. Simultaneously with that effort ERIM can take
the Grayling data and the Zimmerman data to the computing center to be
dubbed. After the facility is ready to run the data should be digitized

in the following order:

Eglin, 1971
Ft. Sill, 1973
Huntsville, 1971
Ft. Sill, 1971
Jefferson, 1968

Now, any given analog tape will contain the data for a particular
site on the circle geometry for all weapons at all charge sizes and,
usually, for a site on the linear geometry as well. Therefore the
digitization process will cause Cy and Ken or Harvey to jump through
each tape on a site by site basis. This is fine as long as the same
weapon firing event is digitized when they go to the next site. I
propose that this procedure continue until the financial stop limit is
reached. The value of that financial limit should be determined by you
and Mr. Fred Thompson. I suggest that it will take at least 4~ weeks of
Cy and Ken or Harvey's time (say, $10K) to get through the data outlined
here. In the beginning the going will be slow. I should make a trip to
ERIM in the very beginning and in the middle also.

In summary then the digitization program should be about $13K.

1) Dub Grayling and Zimmerman data.

2) Set up digitization facility, find, organize the
analog tapes and logs.

3) Digitize.

4~) Turpening's trips will be funded by Lincoln.

Sincerely,

Roger Turpening

cc: T. Landers, Lincoln
F. Thompson, ERIM
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Seismic and Acoustic Artillery Data-

Ft. brogg NC; E6lin AFU FL, and Urayling, MI

In the past year the Office of Naval kesearch (UNR) funded. tile

Environmental Research Institute of Michigan (EHlM) to digitize artillery

recoil seismic aata from Grayling, Michigan and Zimmerman, Minnesota and

Eglin AFb Florida. Secondly EHIM under the direction of the ASG of LL-MIT

collected acoustic and seismic data for an artillery exercise at Ft. Bragg,

North Carolina. Some of the collected data was digiLized and furnished to

MIT where they are currently conducting a seismic and acoustic location

program for DARPA.

Ft. Bragg Experiment

The Ft. Bragg field arrangement consisted of two stations each

recording the outputs of a three component seismometer and a microphone.

The vertical seismometer and microphones were double gained. The stations

were'placed approximately 6 km apart on the western edge of the Ft. Bragg

firing range. Both stations recorded WWV time signals so that events could

be correlated. The major intent of the effort was to document the degree

of signal interference during a realistic firing scenario. This

observation is important since, the air-coupled waves recorded on a

seismometer can be relatively itrong and long in duration compared to the

total path seismic waves. Thus a seismic system's limiting data rate will

probably be lower than that of an acoustic system. The collected data was

of good quality. A part of the data was used by Lincoln Laboratory for

DAhPA's Distributed Sensor Netowork (DS1) program to demonstrate that

aircraft could be detected on microphones as well as seismometers in the

-1-k



presence of muzzle blasts. The exercise also demonstrated that spatial

identification of the event is a problem. Comprehensive record keeping or

a stffitient number of field'observers are advised for future experiments.

Dubbing of Old Data

Previously recorded (1971, 1974, 1975) seismic artillery data was for

single guns and there is no confusion concerning the events or recording

conditions. Three seLs of tha. data have been eximined recently by the ASG

of LL-MIT under the support of DARPA.

First, a rough comparison of the ERIM Eglin data of 1971 with that of

the Naval Coastal Systems Center during their 1978 recording session was

made. Using the'P wave signal from a 4.2 inch mortar as a constant it-was

found that the noise level during the NCSC Eglin tests was at least 10 db

higher than that during the ERIH 1971 test. The Grayling, Michigan data

was also examined. These data show energy in a band around 5 Hz at I km

and a weak signal at 2 km. The Grayling site is situated on a 200 m layer

of glacial till. Using elastic velocities, Rayleigh wave dispersion curves

for the Grayling area were calculated. The curves indicated that higher

mode Rayleigh waves should be seen in that structure. These high frequency .7

higher modes should attenuate quickly. The fundamental mode Rayleigh wave

was found to propagate in the near surface materials where it would also be

strongly attenuated. Furthermore it propagates at a group velocity near

the speed of sound so that it would be hard to detect due to interference

with the air-coupled seismic wave.

-2-
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