
AQ—A 031 329 ARMY ENGINEER WATERWAYS EXPERIMENT STATION VICKSBURG MISS FIG 17/10
ENVIRONMENTAL EFFECTS ON MICROSEISMIC WAVE PROPAGA TION.CIJ)
JUN 73 W F MARCUSON

UNCLASSIFIED WES—MP—S—7 3—53 NL IP D ,  ____
‘CAO 3 I

U 
__

__ 

__

END
___________ DATE ILI I VILMED I12 -76

I



• IO~~~~i~
_ _ _  ~~~ p 2.2

I.’ 
L

IIIII~1.25 IIIII~•~ ~



~~~~~~~~~~~

‘
od

Efr ~~~~~~
MISC~LLAN~OUS PAPER S-73-53

ENVIRONMENTAL EFFECTS ON MICROSEISMIC
WAVE PROPAGATION

by

W. F. Marcuson Ill

I 
~~~~~~-

I

~~~ ~~~~~~~~~~~

Jun . 1973

$ SMWI4 by Offic. , Chl.f of Enginson, U. S. Arm~
Coiduct.d w U. S. Army Engm..r Watsiways Exp.r~m.nt S~~on

Soils and Pevomsot. Laboratory
Vicksburg, M~sthsippi

AP?ROVED FOR PUBUC RELEASE; DISTR~BUT1ON WIUMITED  

~~- * J 4  -- .——“ ~~_._A____- • - - .__ _ _
____

_ __



~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

..
~~~- 

_ _ _ _ _ _

Destroy this report when no longer needed. Do not return
it to th. originator.

The findings in this repo rt ore not to be construed as on of fici al
Department of the Army position unl ess so designated

by other authorized docum ents. 

..



- -

ci
MISCELLANEOUS PAPER S-73.53

ENVIRONMENTAL EFFECTS ON MICROSEISMIC
WAVE PROPAGATION

by

W. F. Marcuso n Ill

-. I
~.s-,

-~~

W ~~~~~~~~ 
. 

.-

~~

June 1973

Sponsored by Office , Chief of Engineers, U. S. Army

Conducted by U. S. Army Engineer Waterways Experiment Station
Soils and Pavem.nts Laboratory

Vicksburg, Mississipp i

~~~ MV M~~C V I~~ K5SU~~ Q . UIS~

APPROVED FOR PUBLIC RELEASE; DISTRIBUTION UNLIMITED 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - — - . -
~
.-—.‘ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 



THE co:~: -::~~S ~F’ THIS RH~~ RT ARE i~( ’~ TO

~~ USEH vC~ -~i~; ISING , PIJI ICAT TON ,

c~ PPfl~-~~ H HA L P iE?D fl~Y . C ~TATIOU OF

TRADE I. -~~ T E ~ :J~ JJU STIJJT E AN OF-

F!CEA L 2~’~- -F~~-P T OR APPROVAL OF THE

USE OF f l - V ~~ ~~ ‘~4ERCiAT ~ PRODUCTS .  

- ~~~I 

- - ~ . ~-r -

iii ~~~~~ 
~- -~ — --~~

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

. -  _ _ _

j



pp.-- -_ __.__-.

~~ 

- —.—-—- ---- - .--.-  —-- — — .*-.-- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ *— .—.- __.j.___._. -.—~~~~~~~—------ _J~~______ — —.-- -- — -—- -

Foreword

This investigati’-~ri was conducted by the U. S. Army Engineer Water- -

~ays Experiment St-itinn (wEs) under the sponsorshiD of the Office , Chief

ol ’ Engineers (OCE), Military Engineering Research (~€R) programs , apprO-

priati~ n No. 21X2O~4O 108-3508 P51 1B. The study was conducted during the

period January to May IJ)71 in order to determine certain environmental
effects on microseismic wave propagation.

This report was prepared under the supervision of Mr. R. F.

Fallard , Jr . ,  and the ~enera1 direction of Messrs. J. P. Sale, R. G.

Ahivin, and R. W. Cunny of the Soils and Pavements Laboratory, WES .
The report was written by Dr. W. F. Marcuson III, Soils and Pavements

Laboratory.

Director of WES during the preparation and publication of this

report was COL Ernest D. Peixotto , CE; Technical Director was Mr. F. R.
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Summary

This reports the results obtained from a multiple regression

analysis that w~~’ conducted on seismic data collected during field

measurement of motion originating from an impulse source . Equations

that predict the maximum distance at which a ground seismic intrusion

det’~ctc-r (GSID) can detect a man walking are given. The independent

variable in these equations is the thickness of the soil overlying a

hard layer.
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-~-1I AJ. F VFECTS OI~ ~1ICRO~~~T SKi C

.,‘AVE PROPAGATI (J

Backg r ound

1. The tI~rrn “mic r . oismi c wave pr- - k ag~at ion ” as used herein is de-

t’ined a:- the movement f waves, whose amplitude is considerably smaller

tH-n that produced by an earthquake , through the earth ’s crust. More

io~ight and knowledge ~‘ t h is  movement may lead to better and more ad-

aced techniques for use in intrusion detection, security , and associ-

ated areas .

2. Present- knowledge has established the fact tb-at wave propaga-

tion through th earth ’s crust is a very complicated phenomenon. The

earth ’s crust is , in general , a heterogeneous , dispersive , anisotropic

medium ; consequently, an exact analytical solution usin~- the classical

theory nf elasticity for wave propagation is highly unrealistic. Mach

has been published in the literature on wave propagation through a

homogeneous, isotropic . linearly elastic medium . For certain probl’-ms ,

this description of the medium is adequate and its use will yield gener-

alized solutions ; however , these solutions are functions of the elastic

properties of the material and do not account for substrata discontinu-
ities often encountered within the earth ’s crust. Therefore, the solu-

tion obtained is no better than the accuracy of the description of the

material and environmental properties that are used as input. The mate-

rial must be described in terms of its elastic properties , i.e. the

shear modulus (~ and Young ’s modulus E . Both F and G have been

expressed as functions of wave velocity , density, void ratio, effective

stress , and plasticity index .

3. The solutions obtained using the approach mentioned above do

not adequately describe field propagation phenomena. Consequently ,
there is a need for another approach to realistically describe the pa-

rameters ir.f~u ncing seismic wave propagation through near-surface mate-

rials . Numerous field experiments using steady-state vibratory and
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‘.r a a i  oua vT.e a 01’ - m; a’ ::uurr -: ; have - a-  r . :  r ~~~ that an OTh i  rical re—

t ’it  iot : :-: a n.- c - u l -~ vt- ’ ‘p ~d tr  - predict t n -  al t e n a at i  On C]  a a~- s m c

waves I’. lay -r ’-H .:oil ‘~t t e r i a l . It is ani ei pat~~i t h a t  th~ia~ relatiot :::ip

w i L t  be a f\inc t ~~nri of easily d~-terrrün abl.  a n i t  parar~~te r s .

14~ Th1~ ~dy i.’ a L t a ~t attempt t a  -e iiit~ - vironinent prope r~ ie . :

such as (a) ~ njt  dept h , (~ ) soil type , and (c)  ‘j .~~~~~~’ a t i . n  to ~ a-;e p~eJ  a-

gation : teat ia l . . In  t h i a  report wave j aepa~ at ioa potential is denr ta - .~
by t h~ dI s tance fr- am a g ivaa  source at wh i c h  a wave can to d~ t - c ted

using a ~z ij e n  sel -mi c sens a .  ~- : - om t he a- : -j l t : ;  ol-ta ine d it is a~~
that a more accnr ate  - c t : H it e  of a site ’s wave a -

~ ~
-
~~t~~- - -t ch aracter-

i st io s  can ‘t o  aade .

Purpose

5. The purp oac of this study was ta (a) develop a method of

analysis that ~~ uld yield a model capable of ~r -dict~r:g the seismic re-

sponse of a particular site , and (b) determine the existeace of any soil

ram a 4 ar s  other than the elastic constants which could be used to pre-

dict soil response aa•J seismic wave propagation characteristics at a

giv’~n site . ‘ I L - a e  p nr a~ -ters were to be used as independent varialiJe

and correlate~ w i t -h  sei mi c response (maximum detection distance) to

form a prediction model. This model was to contain only the more sig-

nif ’ican t parameters and was to be fabricated in a simple and usable form .

Scope

6. Several tocaa iques  were considered for c t t a i n i aJ  field data

that could be used to study the effect of soil parameters and environ-

mental conditions such o~ temperature, vegetation , ground slope, etc.,

an wave propagation through the soil. It was decided that the scope of

this investigation would be limited to seismic field data originated

from impulse rather f ; ’ steady static sources. This decision was based

largely on emphasis the U -~partra nf - of the A rmy has placed on its seismic

sensor program. The information obtained from a study of’ this type has

2 
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immedia~ -- an-i dir~’ct ‘tp a i~~antior. to the current w~ rk being done in the

s ismi .: ~ens -~r i r , a rus ion  1~~tection ar~ a.
7. A r - v i a w  of the it e i -n t u r r C  producad a tr~ nir ru in  of good field

Inca in this Ova’ . ‘IL s i n ra r eat ion  was f a m ished  to the U. S. Army

~‘;n1Jineer L i n t -  r~~pm ~~poria nt Station ~~ by t h -  Sandia Coporation ,
A l t u q u -  man e . ~~~. H - s .  ~hese data , which were obtained with a ground

seismic i r . tru :i  a I~ t - n - t n r  (o siD) de~~’t-aaed by t -~r idia Corporation , in—

cincied Jetec ion d i s tan c e  (for a man walking) , depth of soil, a descrip-

tion or ’ the sail, a de-crictior. -f th- ve~retation , site location , and .

i a ’ ~mo cases. t i e  fr equency of the  meismi c signal. These data were
chlect - ’d at v a r L c u s  locat ions , n at h  in the continenta l  United States
-tr.d ab r - - -ad . A re~ re:-:mioa analysis was conducted on these data using a

stat imtcnal p r a - m a m  developed by Mr. J. H. Goodnight of the Experimental

~~atistics fl- -ra t-’ at at Hürth Carolina St- to University , Raleigh, N. C.
Th is rr van Wa.: run on a (H~-dh computer.

Poaor i~ tior~ oh th~ Computer Ir ogram

8. The a- -m iput-~~
- program can be subdivided into four parts. The

f i r s t  H - a : t . part I , is used to input both dependent variables (variables

to be predicted)  and .n d e y-n d e n t  variables (variables used to predict) .

These variables c ompr Lse the measured data or data bank . New variables

can be generate-I as functions of measured variables . For example , fre-

C quency and soil depth ni ght be ceasured variables , and a new variable

(frequency ti mes the saunr~ root of soil depth) might be generated. The

program is presently limited to a total of 75 variables including de-

pendent and independent variables (both measured and generated).

9. In part II the  simple statistics of each variable are computed.
In this case simple statistics refers to the sum , me an , sum of the

squares . variance , and standard deviation . Bivarian t statistics can
also be computed . Here each variable is correlated with every other

variable (one at a time). This analysis helps determine if measured

variables are interrelated.

10. In part III the dependent variable is specified and the

3
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c amput~’r searches ti - - ind . - 1end i - a t  variables (~ ir - : t - ne at a tine , then

two at a tine , a - ’ . — , e t c . )  t see w o n t  v a r iab l e  and/or a- n~i :nati on

- ‘ cf var i ables co !- :- - - h t - -  t .t w t h  t b -  I - ~~ - variable .

11. Based -~n th- x ’- mu lt s  f’ part III t~ 1 pend ’:nt variable nod

j  -Iope~~i ‘at van n i l - a  are opec i f ’  Led;  th ’- a -np utar -  then  use.; the Doolit tl  --

mat r ix  inver s ion :  te- ’h o i q u e to ~~
. ‘ cra te tb  :‘:.~reo:’ ’:cn evu at ion . UL s

equation i~ of ’  the an :

Y F 0 F 1X 1 + B~ X 2 F i
x’

1

where

Y = dependent -~ar i a l le 

= ind ependent vari ab les

P 0 , F 1.F 0 . . . .I , = regr~ .;sion coet’~ i a i - - n t a

Th i s  equation is tne cuah ion of f- ’~a t  f i t  through the data. ‘ iocniaesa

of Cit ’ is measured by the value of the squared correlation coef f ic ien t

4 (r 2 ) .  If the r2 v:C 00 is 1, perfect  correlation has been obtained.

If ’ the r ‘raha is 0. no correlation has been cat tam ed.

Cite Selection and Layout

12. The data  a - - -~ piled for tine in th is  study were g a t i c i e d  from

the following ar - ’n s :

N c .  of Date of
Locati on Sites Thst in~

West Germany 30 Sep-Oct 70
Fort Hood , Tex . 28 Apr 70

South Vietnam 6 Sep 70

baraboo, Wis. Dec 70

Chu la Vis ta , Ca l i f .  3 May 70

Panama 2 Mar 70

- reat Britain 2 Oct 70
(Continued)

_____________________ 
~~~~~ ‘-~‘-‘-‘—- ~~ - - ~~~~~~~~~~~~~~~~~~~~ - ~~~~~~~~~~~~ - _, - 
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N - . of’ Date of
Locat i - t. 

— 
a: 

___________

i-art r-~~ts s , ~ex. 1 IfrV 67
:~amp 1-endleton, Calif. 1 1°-b 70

2) lab s . Cali f. 1 ~
‘eb 70

Ton opoic , Hey . 1 Jan 70

Eg lin Ai r  For o-  base , Fla . 1 (ct  68

To tal 80

The sit e locatia-an were chosen so as to give a wide range of environ-

n’-rtai characteristics. The test site: were laid out in the fo l l c w i nd  

ecner. Firs t.  a l2C-m s t raich t  Ure wam staked off. This line was then

:ubdivided into t..-;er.ty-four 5-rn segments and marked , starting with zero

at the c-:nter - --C the line and increasing in both directions (see fig. 1).

6O 55 50~~~5 .2 3 5  30 25 20 15 10 5 0  5 1 0  15 20 25 30 35 40 1.5 50 55 60

A
( A pprox1~~ te1.y 3 ~i frog point 0)

0 10

Scale: Meters

Fig . 1. Typical site layout

At th ’~ point  marked zero, a sec --nd line was staked off perpendicular to

the f i r s t  line . A distance from the first line of approximately 3 on
the s e c-n d  line was marked. This location was identif ied as point A ,

thus completing the sit e layout .

Test Procedure

- . 13. With the site layout complete , a GSID was placed on the

ground surf ~ ce at  poi nt A.  The GSI D was activated , and the gain control

was set at a specific range setting. The sensitivity of the instrument

can be c—aried by adju,-:tment of the gain control. A man then walked down

the line , and the di s t anc e at which the detector first indicated ground

nation was recorded. He continued to walk , passing station zero, u n t i l

5
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ice motion was reg istered. l b-is distance was also recorded . The gain

cont rol was then changed t° other range settings and the man repeated

the w a lk .  In this manner the extreme distance at which a man walking

could ~~~~ detected by a GSID and the particular gain setting used were

recorded. In some cases , additional electronic equipment was used that

enabled operators to record the ground-motion signal and , in turn , de-

termine the f r e n u e n c l r  of th e wave being received; however , this was done

at only approximately 50 percent . of the sites. The site environ~~ nta1

data were then r ecar ~ ’— d .  These data inc luded a qualitative description

-of the soil and of the vegetation . In addit ion . the depth of soi l to a

hard layer (rock or heavi ly over -consolidated soil) was determined . If

such a layer was deeper th am 3 in , it was recorded as “+3 m. ” These

depths were determined by ‘tr;th hand auger and visual estimation . -The

visual  estimate wa s based on existing terr ain  features , ai r photos , etc.

Presentation of GSID and Site Data

lii- . The GSID and site data are presented in table 1. It should

be noted that depths to a hard layer ranged from 0 to +300 cm; i.e. any

dep th to rock greater than 300 cm was listed as +300 .

Analysis and Results

15. Sensor response was emphasized during the testing program .

Minimum effort was expended to describe soil (surface and subsurface)

and veCet-tion conditions . With thi s qualitative data , attempts were

made t° quantitatively describe each site . In order to do this a number

was assigned to each soil type , i .e. rock = 0, sand = 1.0, silt = 2.0.

and clay = 3.0. With this system a silty clay would be a 2.5. Soil

homogeneity was also ranked; i .e . .  good = 1.0, medium = 2.0 , and
poor = 3.0. With this s3stem a uniform sand would have a homogeneity

of 1.0 and rocky c lay mig ht be 3.0. Vegetation was also ranked in the

following manner: no veget- -atior = 1.0, grass = 2 .0.  trees = 3.0 , and

jungle = ~ .O.

6
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i(- . The system r n e r c t i n i e d  above was used to describe data col-

lected at sites in .-ie :t d.~racany~ at Fort Pond , Tex . ;  Baraboo , Wis . ;

Chula Vi sta , Ca l i f . ;  and in England and these descriptions were 1’ed into
the computer. The variables were  subdi vided as fol lows:

Dependent variable

X1= detection distance of GSID at gain 5, m

Indepe ndent variables

X~ = soil depth , in

X
3 

= soil homogeneity

X~ = soil type

= vegetation

X6 
f requency , Pz

X
7 

logarithm of X,

=

~t should be noted that when frequency was not determined it was re-
c — -rdod as zero. It was found that the best combination of three van -

ab les was X , and X1~ . These variables fit  the data with an

r vr tue of 0.7° . If only one independent variable is used , X2 fits

the data best with an r 2 value ~f 0.66 . Several other attempts were

node to correlate the data using this crude quantitative environmental

n~ te description . Since the addition of and only increases the

value ~~~~~ it was concluded that this type of site description does

as -- b significantly improve the ab ili ty to predict detection distance , and

that X ,-. was the most significant of the measured variables.

17. Nex t the data were subdivided into two groups : (a) data

• points wi th frequency measurements and (b) data points without frequency
measurements . The detection distance obtained at gain 5 was the only de-

tection distance used in this analysis , because more data were availab le
for gain 5 than either of the othe r gains . Often no detection distance

was determinable at gains l~4. and 3 or no data were taken at these gains .

7 
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18. A regression analysis was conducted on the data in group ri .

Var ious functions of ae -th a -id f r equency were t r i a d  as the i n - h -

variable , keeping the i e t e c t l O f l  distance as ~~~ depende nt varia~ 1e.

r ’rom this analysis , i t  appears tb—ct  t l ~~- siscies t a” uation of best fit is

= 7.57 + 3.97 (1)

where

= detection distance of’ GElD at ~-ain 5, ri’

X2 = depth to a hard layer (~~3 m), m

Equation 1 fits the da t a with a correlation coefficient r of 0.7115.

This model is limited l y the restricted amount of available data , ure of

only one independent - -‘ariable X2 , and because the phenomenon of wave

propagation is obviously a function of other en~r-iT-cnmental characteris-

tics. In this li~ bt , an r value of 0.7115 is considered both reason-

able and acceptable .

19. Table 2 shows tb  i1e4
~’-cti n distances predicted by equation 1,

the actual observation : , and the  differen ces ~-~ t sc -en the predicted and

observed distances.

20. If equation 1 is divided by two and rounded off to the nearest

whole number , i.e.,

= I~.O + 2.0 (la)

it would yield a conservative value of X1 approximately 85 percent of
the time. By conservative , it is meant that the predicted detection

- 

- distance is less than the observed detection d~ stance.  Equation la is

not conservative for sites 10, 35 , 60, 66 , and 714. (see table 2) .  Next ,
as a check , equation 1 was used to predict values from the data in

group b. which were not used to generate this equation . Tab le 3 is a

• tabulation of typical results of this exercise . The analysis -indicates
that- equation 1 yields reasonable prediction about 60 percent of the

time . However , if the predicted values are divided by 2 they are less

than th e observed value (cen:erir a bive ) most of the time . Therefore

equation la can be used to conservat ive ly p r e d i c t  the distance at which

8
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tb- :~ GSTD can del -st a n-ar walking . Since X2 can neve r be negative ,

the rui nimwn de~ - - “ ion distar~-e predict.:d by eq u a t i -n s  I and Ia is 7.57
and 14 meters, respectively .

21. A second r-a -resri - n analysis w~i~ cor luet ’-d , this t me using

all th e  data (groups a and b ) .  Thi s analysis showed that

X1 = 7 .38÷3 .97X~ (2)

is the simplest equation of best f i t .  Thi s equation f i t s  the data with

a correlation coefficient of 0.772. Table 14 p r e ser t s  the t redicted

values using equation 2 , the observed values , and differences.  A s tudy

of table 14 indicates t h -~t equation 2 predicts detection dici t -arx -es wi th i n

25 percent of observed detection distances approx imately 72 percent of

the time , if sites with observed detection distances of less than 6 is

are ne .iected .

22. If equation 2 is reduced by one-half , thon

x1 ~ (7.38 + 3.~~ x~) 14.0 + 2.0
4 (2a)

If this modification is nc lied to table 14 , equation 2a gives a con-

servative prediction (less than observed) approximately 85 percent of

the t ime .
23. All the equations presented in this report are parabolas .

This indicates that the detection distance varies as the square of the

soil depth . When the thickness of soil is small (approaches o). equa-

tions la and 2a predict a constant detection distance of approximately

14 m. Since the soil thickness can never be negative these equations are

unable to predict detection distances less than 14- m.

Conclusions

214. It should be emphasized that the conclusions drawn in this

report are based on limited data. The following are the primary con-

clusions , as indicated by the results of this study.

a. If +he subsurface condition: (depth to rock) to a depth
of 3 m are known , a conservative estimate of the detec-
tion distance can generally be made . Thi s detection

9
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dis tar - - I. ; a measure of t i e  site ’s ability to propagate
a si ,~r r a )

b.  A math emat ica l  model developed to predict the distance at
which a ;flD seismic sensor will detect a man wa]Jdng is
least r’~ l iable when the soil layer t ickness X2 is
small. The :dnirnusn j r ed ic tr~L1e d - t e c t i o n  distance exists
when X-a = 0. For this case , X1 7.5 if regression
equations 1 a d  2 are being used and X1 ~ 3.75 if equa-
ti ons Ia and 2a ar e u s c i .

c. It appears that the distance at which a signal can be re-
ceived hy a seismic geoph nne varies as the square of the
depth sf soil above a hard layer.

Recommendation for F’uture ~iesearch

25. As a result of this investigation , it is believed that if

data were available which yielded more information about the site

environment , a better arid m° re reliable model could be developed. It  is

recommended that rfa~o be collected in which the following are measured :

a. Water content

b. Density

c i .  Void rat io

d. Cone index

e. L-cier nblokness

f. Compression and shear wave velocities

~~~ . i r - - d on i n a nt  frequency

h . Background noise
1. em o er a t u r e  (soil and air)

Wind speed and direction

k. Vegetation conditions

1. h~t~ctY-~r. distance--from a fr etsteb and a controlled
energy - ‘urse

The seismic information should be obtained with calibrated instrumentation

and trained personnel. Presently . the WEE is obtaining data that will

include these par-meters . it is recommended that a similar study be

conducted incorporating these par~~eters in a multiple regression

analysis.

10
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Table 2

CoI~2arison of 
} redicteu and Ohserv- Ii - ’- o- - 1

Group A (Dssta wi th  Fr equ- -nu ’,- Y ’ - ’o . 1 -  5

Site t - -~ -~~io -  Di - ‘. 1 1  ~ ‘ - ~~ m
Site Location N - . redicted ~bserve d bif1’t~ -e nce

West Germany 1 8 9 —1
2 l’~ 17 -7
14 32 25
6 11- —

8 32 , F ,

10 8 0
21 143 3’ - 40,

— 22 10 21 -11
214 143 33
fl: 143 37’ -

~~

8 14 +1

28 1’ 2 22 -12
8 3 +5

Fort Hood , Tex . ?‘l 8 0 ÷8
37 8 6-
31

~ 
9 6
8 21

147 8 5 ~~ 11

51 9 11
514 8 5 - +- -

South Vietnam 59 143 50 -7
60 14’s 15 +°~~-~

61 143 +--
6? 143 140 -e - ,

63 143 35 -
~
- -

61-f 143 35 ÷8

Bara bo~~, Wis .  65 143 14o ÷0

66 23 8 +15

Chula Vista , Calif. 69 143 70 -27
‘70 1.1.3 21 +~~ ,

71 8 11 -3

Panama 72 143 35 +8
73 143 140 +3

Great Pr itain 714 8 1 +7

Fort Bliss , Tex . 76 143 32 +11 =

Camp Pendleton , Ca l i f .  77 fl3 29 -6

fl~ Palms , Calif. 78 143 65 -flfl

Tonopah , Nev . 7~) 143 51 -8
Eglin AFT , Fla . 80 143 120 -77  

~~~~~~~
--- --

~~~~~~~~~~ ~~~~~~~
_,
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T-—iL1~ ~ I

Pi- ’-dicted D e t r - s t i r. L is t ance s  5 .
- l’T I U~ ’) B (D- t- i without - r ’ - ’ C U o - 1 1 C 7  Meas i-ements)

flite Detecti ’sr . D~~ tan ce , m
fl~~ e Lr- ’ I~ j 1yl TJ -’s . r - 1 ’od ic~ ed Cl -se rved Difference

:t ~~srrri~ n 15 ‘s2 31 4-1
19 8 5
27 32 27 4*

-~~~t Hood , ‘lox . 32 8 5 +3
24 8 8 0
145 8 18 -10

?-srab~~ , 2r 1j 1 . 143 19 +214
-::eat ~r i ta in  75 17 22 -5

I
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Table 14

1’- -i mj I t r i .  - o  I _ -I t ’  1 r’~dicted and Observed De tecti -I n Distances

(Equation 2)

Site Detection Distance~ mS~ te1 Lc-cat ,un No . Predicted Observe d Difference

West Germany 1 8 9 -l
2 10 17 -7
3 143 140 +3
14 32 25 +7
5 16 5 +11
6 16- 23 -7
7 11 21 -10
8 32 26
9 16 20 -~~

10 8 0 +8
11 7 1 +6
12 11 11 0
13 1.4.3 8o -37
iti. 23 28
15 32 31 +1
16 143 141 +2
17 11 20 -9
18 8 1
1) 8 5 +3
20 143 140 +3
21 143 35 +8
22 10 21 -11
23 143 38 +5
2~4 143 33 +10
25 143 37 +6
26 8 14 ÷14
27 32 27 +5
28 10 22 -12
29 8 3 +5
30 32 27 +5

Fort Hood , Tex . 31 8 5 +3
32 7 5 +2
33 8 5 +3
314 7 0 +7
35 7 0 +7
36 7 5 +2
37 7 6 +1
38 7 1 +6
39 6
140 9 1 +8

(Continued)
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Table 14 (Conciu1-sd)

23 ~~s l61 t csc tj on  Dista se ’ .- , m
— 

Site Location 
— 

U ,  redicted Os ::e -v’-d Diff - r- - 2 ’-

Fort m o d , Te c .  ( Con ’t )  141 8 6
142 8 0
143 8 21 -11’-

7 0 +7
145 7 18 -11
146 10 21 -11

7 5 +2
14-3 7 5 +2
149 8 6 +2
50 8 8 0
51 -) 11 —2
52 7 8 -l
53 8 11 -3
514 8 5 +3
55 8 5 +3
56 7 12 -5
57 7 15
58 10 16

Sou th 7ietna ’r ~ 59 50 -7
15 +28

(-1 143 35 +8
62 143 140 +3
5~3 ~43 35 +8
(114 143 35 +8

Baraboo . Wis . ‘15 143 14Q +3
OI l  23 8 +15
67 7 10 -3
68 143 19 +2 14

- ‘hula ‘,- i I ~ta .  Calif .  6- ,’ 1~1.3 70 -27
70 1-1.3 21 +22
‘71 8 11 -3

Panama 72 143 35 +8
73 140

3r r iat  Pr i tain  7)4 7 1 +6
75 16 22

Fort Bliss , Tex . 76 143 32 +11

Camp Pendleton , Calif. 77 23 29 -6

29 Palms , Calif.  78 14’s 65 -22
;‘onop~ h , Nev. 79 143 51 -8
fl, -l in AFB , FLa . 60 143 120 ..77 
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