
r
A0 A052 701 EL,ECTRC+ECHANICAI. SYSTEMS Off NEW MEXICO INC ALSUSUERSUE F/s j9/ l~

SUBTERRANEAN TELEMETRY DATA REDUCTION—MI5+$TY EPIC • (U)
JIM 77 T A SlOUGH DNAOO I—76—C—0293

ReCLASS IFIED (51—77—001—YR DNA~lI419T

I
_______ 

_ _ _ _ _  

H- I
u.n_ ~~~~~~~~~1

_ _ _ _ _ _ _ _  
— 

_



F. ..— ,—.. — - ! r !c . ~-....w . 
~~~~~~~~~~~~~~~~~~~~~~~~~~

~ 3c ’ fL1 2(~1I~ DNA 4419T

~ T SUBTE RRANEAN TE LEME TRY ~~~~~~~~~~~~~~~~~~~~~

~~ L!J~ 
REDUCT IO N

- -

~

.

~

— 

(
~~ 

4: -
~~~~~: .L~JElectromechanical Systems of New Mexico , I

~~ P.O. Box 11730
Albuquerque, New Mexico 87112

- 6 A / ~

~JL~ 27J un~~~~ 77 ! It ~b Ni ~_~~~~~ L/
/ *

@To
~~~

a1 ~~ep~~ t~~J
E Z ~~I

_ 

±~~ ‘~J
CONJ~~~~~T N~~~~~ A Ø O  6~C76293 /

- / r A, /$too,~h 2 .
I ‘ 1 APPROVED FOR PUBLIC RELEASE;

LL.. DISTRIBUTION UNLIMITED.

THIS WORK SPONSORED BY THE DEF LEAR AGENCY
UNDER RDT&E RMS~ ’CODE B34407646 J11AAX ~5245 H2590D.

•J~~i

Prepared for 

~~~~~~~~~~~ ~Dir ector fj i1 APR 13 1918
DEFENSE NUCLEAR AGENCY fl~_ _ _ _ _ _ _ _ _

W as hington , D. C. 20305 JUi~~ 1.SU U lb
B

.-. —-—---- — —--- —- . .
~~~-

.- - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -— -~~~~--~~~~~ —-



~ - . - ~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE (When Date Ent er ed)

DED&’DT h 1 u E ~~ TAT 11’~u D A ~~~E 
READ IN STRUC TI ONS

ii r ~~~ U ~~~~~~j m r~ I ?~~t U~~ U~ BEFORE COMPLETING FORM
I. REPORT NUMBER / 2. GOVT ACCESSION NO. 3 REC IPI ENT S C A T A L O G  NUMBER

• DNA 4419T
4. T ITLE (an d SubtI tl e) 5. TYPE OF REPORT 6 PERIOD COVERtD

SUBTERRANEAN TELEMETRY DATA Topical Report
REDUCT I ON - MIGHTY E P I C  

~~~~~~~~ 6 PERFORMING ORG. REPORT NUMBER
ESI-77- 00l-TR ~—

7. A UT HOR(o ) 8. CONTRACT OR GRANT NUMBER(.)

T. A. Stough DNA 00l-76-C-029 3
9. PERFORMING O R G A N I Z A T I O N  NAME AND ADDR ESS ..., - 10. PROGRAM ELEMENT . P R O J E C T . TASK

Electromechanical  Systems of NEWT b kNew Mexico , Inc . P.0: Box 11730 J11AAXSX 352-45Albuquerque , New Mexico 87112
I I .  CONTROL LING OFFICE NAME AND ADDRESS 12. REPORT DATE

Director  27 June 1977 -

Defe n se N uclear Age n cy 13. N U M B E R O F PAGES
Washi ngton D . C .  20305 96

II. MONITORING AGENCY NAME & ADDRE SS( if di f ferent  f rom Control l ln 4 Of f i ce)  15. SECURITY CLASS (of tht. report)

UNCLASSIFIED
IS.. DECLASSIFICATION - DOWNGRADING

SCHEDULE

16. D ISTRIBUTION STATEMENT (of th in  Report)

Approved for  public release; distribution unlimited .

17. DISTRIBUTION S T A T E M E N T  (of the ab8tr act entered In BInek 20 . Ii di f fer ent from Rep orl)

lB . SUPPLEMENTARY NOTES

This work sponsored by the Defense Nuclear Agency under RDT~E
RMSS Code B344076462 J11AAXSX35245 H2590D.

19. KEY WORDS (Continue on receroe nide i f nec000ar y and Identi fy by block numb erl

MIGHTY E PI C
Underground Data Telemetry System
Digital Data Transmission

~~~~~~ ~P~nalog to Dig ital Conversion

• #1. A B S T R A C T  (Continue on rerer ae aide if neceaa.ry and ident i ty  by block number)

The ground mot ion data obtained across a geologic in ter face  on
MIGHTY EPI C ~ I n te r face  Exper iment V were converted to di g i ta l  for-
mat and stored in three  hardened canis ters  deep underground . The
data we r e r et r ieved a f t e r t h e test  by t r ansm i t ti ng a co ded s ignal
through the ear th  that  caused a pa r t i cu l a r  canis ter  to t r ansmi t
sto r ed di g i ta l  data to a receiver on the surface where they were
recorded as serial d ig i ta l  in format ion . This report  discusses~~~ 

~~
.—

~~~~
-‘

DD ~~~~~~ 
1473 EDITION OF I NOV 63 15 OBSOLETE UNC LASS IF lED

S E C U R I T Y  C L A S S I F I C A T I O N  OF THIS PAGE (liSten bet. Ent er ed)

- --

~

-— ——.-—~~~~~~~~~~~ — .
~—..-- .—--- -- - ---~..- - -—~ -— —-— ~~~~~~~~~~ -- -.~ -— - -.- -~~-—- - - - - . A



______________ - - — -— --—-,_— -—_ .-,——.-- __ .._-~~—._ - ~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

.-
~
.——----.- - •..

~ — -— -—-—
~.—~

....— -._ -

UNCLASSIFIED
SCCUR I T Y  CI.ASSIPI CATION OF THIS PAOE(WlI w Del. Eniate d)

20. ABSTRACT (Continued)

the data reduct ion technique used to produce graphical  output
from the tape , presents  all  of the data as plots and notes the
anomalies in system per formance .  One canister was found to have
stored ground motion data , the other two had stored no motion
data.  A later  in te r roga t ion  showed that  the memory un i t s  had
been reset .  The reason is not known . Recommendations are made
for 1) recovery of one of the canis ters  to ascertain the cause of
rewri t ing and 2) a change in output data format to make data

• . analysis  easier .

UNCLASSIFIED
SECURITY CL ASSIFICATION OF THIS PAOE(WP,.n Data Entered) 

4.

L-.~ _ _ _  - - - .-~~~--~~ 



- — -- r—-~~- - -~~,_ -~~,__ ~~ - - r- n -  ~~r - -~~~ .
~~~~~~~~~~~~~~~~~~~~~~~~~

-
~~~~~~~- --

.--- -
~~~~~~~~~~~~ 

-
~~~~~

_ _  _ _ _ _  - ---~~ .-
_________

‘I

PREFACE
b

The author wishes to express thanks to Dr.  R . A.
Shunk for his continuing support and technical expert ise
in the wr i t ing  of this document . Thanks are also due to
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SECTION 1

INTRODUCTION

Ground motion data from the MIGHTY EPIC In t e r f ace
Experiment was recorded by the Develco Underground Data
Telemetry System (UDTS) ( R e f .  1). The s ignals  from 36
transducers  were condit ioned and then converted to d ig i t a l
form and stored in 3 separate UDTS ’s for later wireless
t ransmiss ion to a receiver and tape recorder located above
the Interface Experiment on the Rainier  Mesa.  The trans-
ducers were accelerometers , DX velocity gages and ytter-
bium stress gages. The data from these transducers was to
be used to determine d i f f e r ences  in the ground motion when
a hard competent rock under l ies  a so f t e r  less competent rock .
This report is concerned w i t h  the per formance  of the UDTS
and wi th  the techniques used to reco~ er the data t r a n s m i t -
ted from them .

The canis ters are labeled CAN A , B, or C represen t ing
the 210’ , 300 ’ or 400 ’  canisters respectively. The distances

are horizontal ranges from the working point to the top of

the d r i l l  hole down which the canis te rs  were lowered to the i r
f ina l  pos i t i ons .  The UDTS was f i e lded  by the Waterways Exp-
eriment Station (WES) (Ref. 2) which was also responsible

for the electronics from the recorder to the t ransducers .

There were three occasions a f t e r  execut ion of MIGHTY
EPIC when the data were re t r ieved from the canis ters ;  the
night  of the event May 15 , 1976 , the fo l l owing  day May 16 ,
and again in June , 1976. The May 15 data included segments
of selected channels f rom the 3 c an i s t e r s .  The May 16 data

3  
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H included only portions of channels from the 400 ’  canis ter .
The June in ter rogat ion consisted of short sections of a few
channels from each canis ter .

This report presents all of the data graphical ly in
counts vs. t ime . The graphs are all marked as to the data
read date and ei ther as CAN A , B or C. A comparison of in-
terrogations by channel and canister  is presented.  A few
theories are discussed but no conclusions are set fo r th  in
this repor t for any of the observed phenomena.
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SECTION 2

DATA REDUCTION

2.1 ANALOG TAPE FORMAT
The UDTS data received by Electromechanical Systems of

New Mexico , Inc . (ESI) from WES were on 14 track magnetic

tapes which were dubs of the original WES 32 track tapes.

The 14 tracks contained the following:

TRACK DESCRIPTION

1 BIT Clock Pulses
2 BYTE Clock Pulses
3 Serial Digital Data
4 Analog Data
5 “Parity Error”

6 1 1 0 1 1  or “1”
7 Wide Band RF
8 Narrow Band RF
9 NFRE

10 Blank
11 Voice
12 IRIG C
13 Blank

14 Blank

The information needed to remove the Serial Digital Data

are the BIT and BYTE clocks , IRIG C , and the Serial Digital
Data. Each record (i.e. a number of blocks - each block

contains eight words) consists of two channels of alternat-
ing data points referred to as A and B. An example of the
data is shown as an expanded oscillograph in Figure 1.

S
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A brief description of the data in Figure 1 is in order.
The line labeled “1” is the BIT sync and “2” is the BYTE
sync. There are 9 bits between bytes. The leftmost bit is
a parity bit. The next is the most significant bit of the
word. Line number 3 is the Serial Digital Data and is used
in conjunction with the bit and byte syncs. For each bit
either the data bit is set or not set (i.e. either up or down).
The bits are tallied in the normal 2’s complement. As ment-
ioned earlier and indicated in Figure 1, the data words are
alternating and from two separate channels designated as A
or B. Line 4 is the analog signal level which is the vol-
tage from a D/A converter for each byte; again this is a
multiplexed signal.

Each record of data begins with an identification code
followed by three housekeeping words which immediately pre-
cede the data. The three housekeeping words contain addit-
ional information that is used as a double check on the data
transmitted . The identification code includes the CAN ad-
dress and the channel number followed by the beginning and
ending block numbers contained in the record . During data
retrieval at NTS, this information was set manually and
transmitted to the canisters as part of the code that started -i
a particular canister ’s data transmission of a given channel
and a particular set of data blocks.

2 . 2  ANALOG TECHN I QUE
The UDTS data received from WES were on 14 track mag-

netic tapes as mentioned above . The tapes were digitized
at the Air Force Weapons Laboratory (AFWL) by the ADD Ditr-
ision. The analog track and serial digital track signals
were pulled off separately so the D/A digital data could
be checked at a later date. The ADD Division dubbed IRIG B
onto the tape in order to better interface with their system
setup. The analog signal was digitized directly. The digi-
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tal  data were processed by the Pulse Code Modulation (PCM)
system . The PCM system handles non-standard formatted data.

The PCM method was more accurate and more useful since the

analog data lacked calibration files therefore true levels

could not be established. The analog signals however were
useful on a first-look comparison basis and served as a check

for verifying results.

2.3 REDUCTION TECHNIQUE

The CDC 6600 compu ter at Sandia Laboratories in Albu-

querque (SLA) was used to reduce the PCM processed tapes
to listings and plots.

The graphs (Figures 2-77) all have counts as the Y
axis ampli tude . The A/D converter had an 11 bit capacity,

but only 8 bits were recorded. The Develco Sys tem was se t
up with 9 bits for each data word (one “parity” and eight
data bits), thus a maximum value of 2 55 counts could be
recorded. If the counts continued to increase after 255

then the system recycled to 0 and started over. That is ,

suppose the sequence of points was as follows :

23 2 239 254 255 5 2 8.

This means that af ter recording 2 55 the numbers should
continue to increase because ground mot ion data are assumed
to have continuous first derivatives. Therefore , the count
did not dip back down to 5 but actually was 261. The re-

vised sequence is as follows :

232 239 2 54 255 261 258 264 .

Thus , the computer code was set up to handle this type of

situation. In the graphs , all points are adjusted as noted

7
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above and only large one point “spikes” of double or great-
er magnitude were eliminated since these represented some
type of b i t  error and are probably not data .  These “spikes ”
occurred very in f requent ly  and are mentioned here onl y to
give a complete discussion of the data reduction process.

When the canisters were initially interrogated at the
NTS , in all cases , a pa r t i cu la r  canis ter  and channel were
called up and a preset number of blocks of data was pulled
off. In nearly all instances , the entire signal was not

pulled off but only segments (blocks). Where possible dur-

ing the computer reduct ion, these blocks were pieced together
to display the entire signal. On a few occasions , the loss
of one word in a block caused a switch in A ~ B channels for
a particular signal . When this occurred , that exact spot in
the data had to be identified and an average of the preced-

ing and following points was put in for that lost point .

8 
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SECTION 3

DATA ANALYSIS
St

3.1 210’ AND 400’ CANISTER DATA

The 210’ and 40 0 ’ cani sters did not produce any
meaning ful mot ion data. The signals were , in mos t cases ,

not related to any known experimental occurrences as
can be seen in Figures 34 through 77.  The data taken from
the same can i s ter and channel on May 15 and 16 and in June ,

however , tend to have different data levels and signatures
in a few cases. This phenomenon was discussed with Develco

engineers bu t it is not clear just what could have caused

re tri ggering of these cani ster s on May 16 and again bet-
ween May 16 and the .June readout. Some of the data remained

the same as is indica ted in the Figur es 4 8, 49 , 50 , 51 , 56 ,

and 58 . The obvious conc lusion is that the da ta was wri t-
ten over one or more times during those periods. Looking

at Fi gure 6 5, it seems as if da ta of som e sor t may have
been recorded for thi s channel . This represen ts data taken
on May 16. It is unfortunate that this portion was not re-

corded on May 15 also but only up to 90 msec (Figure 64)

was recorded on that date and the data are not coincident .

All the data is included here no matter how few points

and each graph labeled as to which  i n t e r r o g a t i o n  of the can-
is ter it represen ts ( i .e. May 15 , May 16 or June) . The
data channel plots are in ascending channel order number .
A comparison of the data from the different interrogation

dates can be easily accomplished. Since no real data was

recorded on the 210’ and 400 ’  canis ters , al l that can be
compared are the level changes from the separate interro-

gations.

9 
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As mentioned earlier , the blocks of data were pieced
toge ther where possible. Figures 68 and 69 each represen t

segmen ts read on May 15 and May 16 and were pieced toge ther
as indicated. This is interesting and -informative since

from one day to the next the data were consistent , in this
one case , indica t ing no “re triggering” here.

An interesting phenomenon occurred on Channel 6A CAN C

(Figure 70) .  There seems to be the tail end of a signal
beginning about 550 msec even though no data were recorded

earl ier in t ime (Figures 7 1, 7 2). This record remained in
the canister and was interrogated again in June giving the

exac t same data as indica ted in Figure 73.

3 .2 30 0 ’ CANISTER DATA
This canister provided believable data as can be seen

in Figures 2, 6, 20 , 12 , 14, 16 , 18, 22 , 26 , 28 , 30 and 32.

Channel 1A wa s the only channel that was los t . There is a
limi ted effort at this time to attemp t to recover this chan-

nel by Fourier Analysis techniques. The signals are not only

believable but wi th the engineering uni ts used for the resp-
ec t ive traces , the signals become reliable ground motion in-

dicators . The horizontal veloci ty traces (Figures 6, 14, 28)
have the same signatures. Similar structure is seen upon

comparison of the vertical velocity traces (Figures 12 , 18 ) .
The signals in Figures 16 and 32 are also comparable as

accelera t ion t ime his tories and Figures 22 , 26 and 30 are
typical stress signals. All the signals are dis t inc t and
accura te representations of their par t icular func t ions. The
300 ’  canis ter data , therefore , give clear evidence of the

successfu l opera t ion of the UDTS .

All June interrogations produced different data (in

mose cases different levels) than the May 15 interroga t ion.

10
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Unfortunately no 300’ data were read out on May 16. This
may have provided some clue as to what occurred later.

The June interrogations of Channel 1A and lB (Figures 3,
4, 5, 7, 8, 9) bear no resemblance to the May 15 data. Note
in particular , Figures 3 and 4. These data were taken on
the same day but Figure 4 which includes data from 32 msec
to about 51 msec is entirely different from Figure 3 in the
same time interval. There is , however , a structure resem-
blance in Figure 4 to that in Figure 2 (May 15 read) but
the levels do not coincide . Similarily, the situation oc-
curs on Channel lB (Figures 7,8). Verification of the oscil-
lograph identification code confirms the fact that these
records represent Channel 1 of the 300’ canister. The above
mentioned phenomenon also is seen in Figures 19, 21 , 23 and
25 for Channel 4A and 4B.

Special attention is called to Channel 6A (Figures 30
and 31). These were both taken on May 15 , however Figure
31 is not a reproducible trace of Figure 30 starting at a-
bout 700 msec out to 1 sec . This phenomenon is a mystery to
Develco engineers as well as to this author. Note , however ,
the tail end of Figure 31. On th i s  pa r t i cu l a r  in te r roga t ion
the recorder was programmed to read out to 142 blocks (the
maximum limit was only 125 blocks). This was discussed with
Develco engineers who believe tha t  the system was probably
j u s t  reading random locat ions and producing nonsense.

Comparing Channel 6A CAN B (Figure 31) with Channel 6A
CAN C (Figure 70) shows identical signals. When this was

first noticed by the author , a check was immediately made
on the identification codes on the oscillographs for these
two records and it was found that they are correctly labeled .
There is no clear explanation for this occurrence at this time.

11
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It  is very possible  this  is a sys tem generated signal

related to power supply turn on or off in the instrumenta-
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F SECTION 4

CONCLUSION

Canister 300 responded beautifully during the event
and the data do indeed attest to the capability of the
UDTS in the field. What happened to the 200’ and 400’
channels and why different levels and traces were record-
ed at a later date is not fully understood. It is pos-
sible that the signal cables were severed to the 200’ can-
ister early in time causing no data to be recorded. The
readout of the 300’ data on May 15 and in June are not
the same data. This could be explained by a retriggering
of the system with a subsequent acquisition of data con-
sisting of available voltages from the various signal con-
ditioners . However , more information is clearly needed
before any concrete conclusions can be made . Recovery of
one of the UDTS would undoubtedly enable a knowledgable
engineer to iden t i fy  the problem .

13
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SECTION 5

RECOMMENDATIONS

As mentioned in subsection 2.3 , the loss of a word
in a block of data can occur causing a problem in reduc-
tion of the data channels. In order to alleviate this
problem in any future data , it is recommended that the
upper-most “parity ” bit be used as an identifier for the
A and B channels. This can be accomplished by setting
or not setting the bit for A and B channels respective-
ly in the hardware.

To be able to answer the questions raised by the
detailed data analysis f rom the three canis te rs , it is
recommended that one of the canisters be recovered . It
is very possible that inspection of the canister will
explain why no data were recorded on the 210’ and 400’
canisters. Recovery should also shed some light on the

“retriggering ” problems .

14
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