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SECT ION 1

E XE C f l’W E  S U M M A R Y

1 . 1  BACK GR O U N D A N D O B. J E C T I V ES

E( &‘ (3 , under  c- ontr ac  t to DNA . has u n d e r t a k e n  ( 1  p er f ’  I cm a

d e f i n i t i v e  t ra d eoff  ana lv si s of E l ec t romagne t i c  Pul se  FM P ‘ I r ’sI I ccli n ique s

wh ichi ni i glut lx employed in t h e  assess m ent  of u n d e r gr o u n d  Comm and , ( ‘ I ii r I .
and C o m m u n i c a t i o n  (C3) f a c i l i t i e s  for su r v i v a b i l i t y  in a hi gh a l t i t u d e  FM P

en%’ i r o n m e n t .  Four classes of po ten t i a l  bur ied  C3 
faciliti e s were defined.

Th e su ’  four  c lasses bound, or t vpi  fy .  the  m a j o r i t y  of thc’ facili 1 ) 1 5  wh ich  w ould
be encount u ’re d  in th e  DNA C3 Assessment  Pr ‘ci’ani. For ea c h  of th c’ fn ui ’
u I asses , an op t imum mix of test and an a l v -~i s I e c t u n i q u e s  has  h E ( ‘n d e f ined .
T h i s  document  is a f ina l  report  on t h i  ~ e v a l u a t i o n  st u d y  and de f in es  i f ’  four

c lasses , iden t i f i e s  tli e four  typic ’aI  ac tua l  s i tes . p t - ‘sents t h u  ‘ t ~ t e ch n i q u e

eva lua t i on  c r i t e r i a, and the cone lus ions and r ecom menda t ions  dcciv d.

The Defense N u c l e a r  A g u iu ’v is  cur i ’ c - n t l y  c o i l d u c t i n L L  c ’ h i n l p r e l I h -n s i v e

pro grams to ass ‘ss t h e  h igh  a l t i t u d e  EM E ~ v u l n e r a b i l i t y  ( if  C3 
sV~~t el l is , T h i s

program include , s  cv alu at i  on of many  types  of V II ’  ‘. t e l  ci vpe , and d i g it a l

co m m u n i c a t i o n  l i nks .  Bec ause of t h e  d i v u ’r sj t v  and ~ cI pe ( I f  t h i s  pr~~~ram.  a

l arge v a r i e t y  of s t r u c t u r a l  t y p e s  of b u i l d i n g s  ~v i l l  1~~’ e n c o u n t e red. T h i s  i n c l u d e s .
hut  i s  not l i m i t e d  t o . bui l d in g s  w h i c h  are b u r i e d  h i ’  on t l x -  s u r f a c e . h u i l d i t uc , ’—
w h i ch  a r u ’  u n s h i e l d e d  I / F  well  sl ii  elded . h ui  I di t u g s  w h i c h  i nco rpo ra t e  h a r d e n e d

~~~~ rat ions . and bui 1h  t i c s  wi i l i  V u  ‘FV s imp le or ~‘ erv h I  mp l i c a t  ed ext er n a l  and

i n t e r n a l  c o u p l i n g  ( ‘ N u i I ( ’ l r H ’ S .

‘l lue p r i m a r y  t h r u s t  of t h e  DN A (. ) Pro grams  is anal ytical . du ’~a ’ t i h t i c

p r i n u a r ~ lv upon e o m p u l u - u ’ i z c d  nm c l e l i nr  t e r l u n i q i t u ’ s  suc h as t h e  E/ u ’ i i I g  ( l ( v u I o J ) u l d

1 U1 :S ’l  ( )  codu ’ . h l b ’k e ~’u ’ 1’ , to v a l i d a t e  c o m p u t er i z e d  model s  and to v e r i f y  t l u u ’ i r

l ) r u ’ d i ( ’ t i u ) n s , sonic fo rm of I M P  t u ’ s t i n g  i s  r eq i i i i ’ e~l. ‘l u st t e ch n i q u e s  ( ‘an ~‘at ’~’
f r u i n u  s i n ip l e  1 , w — l u ’ v e l  (‘W d i t ’ u ’ c ’ t  i n ~e c t i o u i  o f s i t t u a l s  on c a b l u ’ s  UI )  t l l r h / 1 i y ) u

h i ’ e ; u t  l evel  p u L u  r a d i a t i o n . A l a r ~ e v a r i e t y  c f  [MI ~ t e s t  d u v i c u ’ s  and  s i n i u L u e ~rs

Li _ _ _ _ _ _ _ _

_ _ _ _
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are avai lable to pe r fo rm ilu u s e  t e s t s . Hen c e , t r a d e  ~t udi  es are req ui cu l l t o

d u t  e r m i n e  t h u  o p t i m u m  mix of t e s t  t e chn iques  and s i m u l a t o r s  Lu’ hi / - v a r i o u s
classes of bu n ed f a c i l i t i e s  to l ie e iuc ’o unt er ecl .

The o b j e c t i v e  of this s t u d y  is to per form a d e f i n i t i v e  ur a deo f f

a n a l y s i s  of the  alt  e r n at i v e  tes t  and s im u l a t i o n  tech ni que s  ava l  lahl  e for  dci ( ‘ I ’ —

m i n i n g  the  .surv iv ability of certain classes of bur ied C3 f a c i l i t i e s  for  an I- ’ \l P

u ’n v i r o n m e n t .  Severa l  bur ie d  C3 sys tems may  r e q u i r e  t e s t i n g  icr  I ’M P v u l n e r -
abil i ty and such a trade study would be helpful  in  p l a n n i n g  for  f u t u  t ’~ s p r u ’ i f i c

t e s t s ,

l’his s t u dy  has  not attempted t o  d e f i n e  a single prc’ferred techni que

for  each si te . A decision to t e s t ,  and sub sequen t  e x p e r i m e n t  des ign  is hi gh l y
individual  for each test  program , and depends upon n ianv t u n i c  v a r v i  tug p a t ~~n i—

ci u r s . Suc ’h parameters  include s imulat ion sta t c — o f — t h e—ar t ,  an a lysis s l a t e —

u i f — t h u — a r t  t h e  role a s i t e  has in suppc )rt  of n a t i o n a l  p r i o r i  t b , s , :u~’ ailal)le funds .
et c. Be i ’au su of t h e  h i g h l y  f lexible  na tu r e s  of t h e s u ’  f a r t  (( i ’s , i t  is imp oss i l ) l
I o det u r m in e  far  in advance an opt i mu ni t ech ni que : t h i s  depends on t e s t  1) 1) 

~ ‘ ( ‘ t i V I ’ S

and avai la b le resources .
Th i s  s tudy s c r u t i n i z e d  t iu an y  comb ina t ions  ( I f  l u s t  a t u a l y s i  s m i t h u r u d s

and eva lua ted  them in terms of accurac y. app l i cab i l i t y .  ( ‘ u / s t . and o t h e r  fac ’to r s .

Thus , for  several c lasses  ( if 5~ t u s , i nc l u ding most ac tual  ex is t ing  bur ied  C3

f a c i l i t i e s ,  o p t i m u m  conub ina t  b u i i s  of t e s t  and a n a ly s i s  ni eth o ds can he chosen

in light c)f l u s t  objectives and program p r i o r i t i u s .

1 . 2  TECHNICA L AI~PROACH 
‘p Because of t h u  1 ai’ g u ’  va t ’)  u t y  of l)u)t cliii al c ’on f i gu r a t  t or u s  which bur ied

sites mig ht assu mu ’ , EG&’ G has taken an appr u u a ch  which  al l owed the n i ah  r i l v
of t he s e  sites to b uu ’ bounded by a sample of four generalized sites . l” ach  of the

four g e n u ’ r i c  s i t u ’ s  is discussed  in more d e t a i l  in S u c t i o n  2 of this document .
Br i e f l y  t h e  four s i tes  are I \ ‘j ) i f i  e u l  l iv  t h u  fo l lowing measured par am etcr . s, (I ) a
In r gu  ‘ cu mp l cx s i t u ’  W i t h i  many I ) Ui l di  i s  — — sonic bu r i ed , some shielded.  So r u e

both , su~ 00’ nei ther,  ( 2 )  s i t u ’  b uried and shielded,  ( 3 1  s i t u ’  bu r i ed  but un shielded,

and -1 ) s i n g l e  ta l l  st r u c turu  par l i a l l y  hu n  u s i .  Ho’ each of the four e l as su s of

- 
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f a c i l i t i e s , an ac t ua ]  s1~~’i ’ i f i ~’ ,~i t e  r e p r e s e n u a c i v f -  of t h e  c lass  has  been s e l e c i e c h

fot’ au o X  ai i i~
) lu . I ) u t a i I ccl d u ’s c ’r i l ) t  oti s of t hu e four i’ act ual sites are conta ined

in  Su c t i o n  2 c) f t h i s  dO( ’U t i i ( ’ ! i t .

H i ’  each of t h e  four  a c t u a l  s i t  es , the  a p p l i c a b i l i t y  and u s e f u l n e s s  -

of \‘a r i / b u s  l e s t  t e ch n i q u e s  and s i n u u i l a l o i - s wil l  I n ’  c ’va lu at ec l .
‘l ’h i  u ’  sev o n  t e s t  m ethods  t vpi c ’al lv  used in EMP v u l n e r a h i l i  t \ a s s u s s  —

m en t s ai’ t shown in Table 1 —1

Table  1 — 1

Test  Met  h 1( 15

P01” Di re ( ’l Driv  u 1P u l se

POF Dire c t D r i v e  (CW

Hi gh  l e v el Pulse R a d i a t i o n

Low Level Put I se H adi at ion
(‘W R a d i a t i o n

Sc ale Moc l u ’ l in g

Su i h i s y s t e n u  (‘‘Black Box ’’) ‘1 u~~t big

bi as mu ch as I hu se t o  s t  methods  are a l m u i s t  a lway s  used in e n n i h i n a —
l i o n  to f o r m  an i n t u r n a l  e l  a s s u s s u u u u ’ r i t  ~~ ogra nu , t h e  t u s t  meth ods  have been

g I l  I ; / / l I I u l e t ( I /  I ’ I i i  u - i g h t t ’  t’ l L I ~ ) i I u g S . We h i n v u ’  a s s i g i t u ’ d  t h e  name a sse s s ni en t

i u ’ e h n i i r ~u n u ’  to  u ’ a u ’ h i  ‘ ‘ t ’ / U ~~, h a i ti  a s su s s l u t u - t i t  e c hn iquu ’  t h i u n i is a ( ‘u ) n i l ( i n a t i o n  of

t h u t est  n u o ’ t h u d s  H ’ — a n : u l \  S i s . ‘l’he (‘ u n u b i l u a t i u r n s  t h a t  were  used in t h i s  u ’ v a l u a —

lion  pn’ u e u ’ a n n  ai’ u s h t / / \ \ I I  in ‘l’ ab le 1 — 2 .
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Table 1 — 2

Assessment Techniques

‘l’u c h n ique 1 Analysis:  Scale M idel in g :  Sub system
(“Black Box”l Testing

Techni que 2 Ana ly s i s :  CW Radiation : POE Direct
- Drive (P )

Te( ’hniqUe 3 Analy sis :  Hig h—Level Pulse Radiation :
POE Direct Drive (P)

Techni que 4 Analysis :  POE Direct Drive (P )

‘T i ‘c hn ique 5 Analysis : CW Radiation: Subsystem
(“Black Box ”) Testing

Techni que 6 An alv  sis: High —Level Pulse Racl ia~ion

Techni que 7 An a ly s i s :  Low—Level Pulse Rad iation:
POE Direct Drive ( P t

Techni que ~3 Analy sis:  CW Radia t ion :  POE Direct
Drive (CW) : POE Direct Drive ( 1) 1

Combinat ions ui f  the tb  )\ ‘( methods have been enip lovedl in ni~uw of the major
l-~ \l j )  p1’ogI’an~~ completed in the pas t .  Appl ica t ion of the assessment techni ques

in the  p i s t  l’ \I P programs is illustrate d in matr ix form in Figure 1—I.

Brief  explanations of each of the individual test techni ques are con —

tamed in the l u l l o \ \ - i n i g  paragraph s . ,‘\ n iui’e d etaile d d lcscl’ipti on u f each is

containe d in Sect i O t l  3.

These are the ind iv idua l  test methods used in any assessment 1 r 0 —
g i a n t ,  .-\ l u - s t  method is n ’ ai ’elv , if even’ . u ’n u p l o \ ’ e d  in an i s t i l a tec l  appl ica t ion.

~~~~~ p H cthei - . , u c ’on i lnn atton i t tes t  methods u i e  ( ‘h i (5( 11 to , u c l i  cc , ut  an inte g i -  , u t  cc l

.1 - u - — c n n - n t  l)1’o!~ l’~L i1i or t u ’ c h u n u i que for’ a pau’ t i c ’u hui’  si te .

A n u a l v s i s

, \ t u _ u l v s i s  w i l l  mean t1io ~ u tn t l v t  teal in c h p red ic t ive  n ic ih ods used l u

i ’ u - l , c t o -  I f - s t  data to l ) h u u - n o i u ‘ t u  ( l ogy  an(l for  Cxt i ’ap ol a t ioui  I i i  t l u r c a l  l e v e l s  ,~~~~~i t l ( ’ ( ’

t hu p r n n l a i ” - , u u t l v t i c ’ , ul  H I  o f the I ) N - \  (. 3 l - \ IP  assu cc t i t c t t t  is PRE S’I ’O . i t is

, t - - ;c u i t i u ’ d  tha t  t he  ( ‘ou lpi inc  pi’c’clict i u ) n l s  w i l l  Ix g( t tu i’ ,u t e I h  u s i n g  the Plfl  ‘ S I ’( ) d’ I ) ( h ( ’

or n a t e  ( ‘ q u i v i l u - t i l  c ole - c i t / c u ’  , u c u ’ i i  n o v  is well kno~iu I u i  P ur s e  ap l ) I i c . t t  ions . 
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I’ I n ’  subsequent t S .’ , u l U a t i u ) l l s  here in (such as cost  est imat c s)  ana ly s i s  w i l l  .ul so

include the of f ~ sitc data recluct ion processes required in each part ic ’u lar ( ‘ use

POE Direct l)rive (p)

The iu l s e  d i rec t  drive of f ac i l i t y  POE ,s is a method of ten  em p l lu v e d l

/ augment i l iu m  ina t lu )n  of the f a c i l i t y  by i’ad iat ing or bound ed \/ ‘av( s i m u l a t i o n .

Due II  / insuf f ic ’ien t  coupl ing the latter methods inadequ a tely i / c  nnh l )r o l ) er lv  ci ‘ly e

POE -i A n y  xa iuu ple  of this would of course be long aer ia l  l ines . Pulse I ) ire ct

Drive is th crefo i’e often eml) ld)Ved td) provide these tUll e domain s imu la t ions

and or t i  extet id to threat levels and fac i l i t y  non l inear i t ies .

POE Direct Drive (C’uV)

The d irect drive of fac i l i t y  POE s in the f requency du ,n u a i i i  is

( f l l p lu )Vedl for u’e tS I / n s  s imi la r  to those of pulse d rive , that  us d i rec t  nu ea.su rement

I / I  t ransfer  functions. However , this method would not normal ly  he used (a)

threat levels , but rather to extend the d ynamic  measurement r , t t u g u , Inc obta, inu t ig

i’ ,ui s lc ’r  functions i / f  l inear  sy s tems.  This method is f requent l y  used t I E  measure

p a r a n u ( t er s  (a aid in ana ly s i s .

Pulse Rad iating Simulation (I-u gh— and l o w — l e v e l )

Pulse radiat ing si mulat or s are emp loyed fot ’ asses snu ent  I / I  d i rec t

energ y penetration into faci l i t ies  and c xc ’ ita t ion of sonic POEs , The~’ have

.tc ivaj ul u g c in e f f i c i ency  of assessment by virtue h u t  the ii’ t ime clonua in nati irc”

They d i f f e r  in peak f ie l d  levels  ( f ron u as l i t t le ‘us 1 kV nu ( I  I full threat  levels 1 ,

cpu i’ t i ’ u l  content . pohtni za t io ru . and un i fo rm it \ ’  of exc i t a t ion, Therefore . sel ec—

P 

t ion of a pulse simulator  is determined by the pai’tic ’ul ;cr f ac i l i t y  to be teste d .

The pulse s imulators  to be considered in th i s  study ire TEMPS , HE S— I . ;u nc l

SI i , ( , 1 tV j ) ( ’  undei’ground exci ta t ion.

CW Had ia,t ing Simulators

The m eth O ds emp loye d by these single or swept frequency simulators

hav e their  pr incipal ~uiv uu tag e in the extende d dynamic  range (( 1 measurement .

Peak field levels ai’e com l) a r :Lt iVely very low. h a s  u t i l i t y in u btaining system

transfer functions and t u i( ie fl t i fy flaws (‘‘leaks ’’) is shielded sites. (‘W drive

bounded ar ray s  offe r fur ther  increased range .

1-6
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Sul) svs t em or “Black Box ” Tests

This meth od is employed in instances when fac ii its’ POE s car t  not
he chi ’iven t I  / thre at levels.  It is used to determine  upset an d dan iage tilI ’( shOldIS

and margins of sa fe ty .

Scale Model ing

Wh ile flc)t commonly employed . Scale Modeling offers an alternat ive
approach to complex f ac i l i t i e s:  to instances where analysis andi ana ly t ica l  models
offc u’ l i m i t e d  confidence andi may not be possib le because ( o f pract ical  reasons.

Inasmuch as there are numerous permutations of the eight assessment
t cchni q ues , p r e l i m i nar y  screening based on engineering judgement and experience
was pel’fI rniecl to arr ive at a reasonable minimum set of comi)iflations.

Based upon the four representative sites , the foregoing test methods
have been groupe d into combinations of method is, each combination thus forming

cn assessment techni que. Eight assessment techni ques were considere d applic-
able and sufficient  for all four re presentative sites ,

( ‘lu :arlv the use of an arbi t rary  nu mbe r of I)er ilu ut a t ions of all possible
comhinat ic,ns of test metho d s is not feasib le . The result would expand the sub—
sequent techni que evaluation task beyond manageable proportions. Therefore .
for each site evaluation , techni ques were based not only U~~Ofl the particular site

characteristics but also upon that which was reasonable , and thus necessaril y
contain an ( 1 c ’ment ( i i  subjectiveness.

At the other extreme , there has been the strong tendency to prejudge
as to the one single suitable assessment techni que at the exclusion of all or

— many others. Avoidin g  this tendency, a reasonable set of assessment techni ques
has been cl i l is en for each sit e and the juc igement as to the most su itable ~i ’ i l l  be
de te rmined  by subsequent evaluatio n criteria.

F/it’  each of the indiv idual four actual sites , add ition al preliminary
Sc’ ru en in g  was performe d to arrive at a reasonable set of techniques wh ich
c ould be app i ic (I to that site . The techn iques chosen for the var ious sites arc
illustrated in Table 1—3.
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_ _

‘l ai) Ie 1 — 3

Ass u s  sni t  ( n i l Tech ni ques

Sn ’ E I

4 ( ‘ / ‘ h n i q u n u  I Anal y s i s :  Sc ale Modeling: Subsv st  em (‘‘Black Box ’’ ) Test i t ig

1 /  c ’ hn i q u e  2 A t i a l y s i s  : C\\ Radial ion: POE Di rec ’t Dr ive  (P )
‘I ( c h n i q u e  3 Anal y sis:  High—Level  Pulse Radiat i c~n: POE Direct Drive (P )

Tec hnique  4 Anal y sis:  l’O l” Direc t Drive P t

l c ’c ’ h in ique  5 A n a l y s i s :  CW Radia t ion :  Subsy stem (‘‘ Black Box ’’ ) l’est in g
T e c h n i q u e  (3 A n a l y s i s :  High — Level Pulse Radiation

SIT E 2
l’u- c h n i q u e  2 A n a l y s i s :  C\~’ R adia t ion :  POE Direct  Drive I P t

‘ T e c h n ique  3 A n a l y s i s :  High  — l eve l  Pulse  Rach i at ion: POE Direct  Drive ( P t
‘I e d h n i q u e  5 A n a l y s i s :  CW Rad ia t ion :  Subsy stem ( ‘‘Black Box ‘‘( ‘l u st ing
lu ’c ’h n i qu i e 6 Ana l y s i s :  H igh  level  Pulse  Radia l  ion

1 i c h n i q u  e 7 A n a l y s i s :  Low— 1, u ’v u I  Pu i l  si R a d i a t i o n :  POE Di i ’ cc t  Drive (P )

Techn ique  8 Anal sis:  (‘\V Rad ia l  ion : Po I” Di reel Driv u (C\~’ : POE Di i’ect
Drive  (P )

~- l’I F 3

‘T echn ique  2 A n a l y s i s :  C’\\-’ R a d i a t i o n :  POE I)ir - u ’ t  D r ive  I

I e c ’ I r n i q u e  3 Analy s i s :  h u h — l e v e l  Pulse  Radia t ion :  P OF Di n- o u t  Drive  P)
1 c :c ’hi ni que h A u i ; u I y s i s :  H i gh  Level Pulse  R a d i a t i o n

‘T e c h n i q u e  7 A n a l y s i s  l o w —  I , u v o ‘I Pu lse  Radia t ion:  POE Di r u c i  Drive ( P t

Te c ’hniqu e 8 - \ t u a l v s  i s :  (A°~’ R a d i a t i o n :  POE Di reel Dr ive  I : I~OE Di n’ u - i t
D r ive  ( l ~\

51’l I” -l

‘I u u ’hniqu e 2 A u u a l v s i s :  (“ IV Rad ia t ion :  I~O l :  Di re ct  Drive ( P t
‘l ec ’hni qu u 3 Anal y s i s :  High — I cv u i  Pulse R a d i a l  ion:  POE Di re el Drive ( P t
‘T e ch n i q u e  4 Anal y s is :  l~O F Di ci u t  f)riv e ( P1
‘ l u  c ’hn iq ue  Anal y s i s :  h i g h l o v e ]  Pulse Radial j o i n
Technique 7 Anal sis: i ~ w— Level Pulse  Radia t i on :  POE Di i’e(’t Drive
T e ch n i q u e  8 A n a l y s i s :  CW R a ch i at i u u f l :  POE Di t’ u c t  Dr iv c  (~W : POE Dir ec t

Drive  (P)
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For o - : u c h  s i t e  and foo’ each grou p in g  uf t e c h n i qu es . a f i n a l  u - v a l u i a t i / u u

to d e t e r m i n e  the  o p t i m u m  analy sis  t u s t  m ix  Was p e t ’ f o i ’ n iu  I I .  I - I / i ’  t h u .  f i n a l

v a]u at i c )n . a s c t  of eva lu n a t ion  ~‘r i t u n  a ‘~~u n ’e dcv 0 - 1 /  ~n - d l ,

1 .  3 I ” V A I t ’ A ’ F  I ON CRITERIA

Tnt order 1 (1 assess t he  appli d ’ab i li  t y and d e s  I r a b i l i  IV i / f  u s i  rig a g n o n

t e s t  and or s imulat ion I ccli n iqu e . t l ì  e fo l lowing  eva lua t  i / i t t  cr1 I cr 1 a has’ u ’ 1)0 ( 11

est abl i shed .

1. Accurac y of Da ta

2. Approxi m at e Cost

3. Duration of Test

4. Tnt erfer en ee wi th  R o u t i n e  F a c i l i t y  Operat  iOn

1 he mean in g  and appl ica ti on- of th o  above e v a l u a t i o n  d ’r i t e r i a  ~vi 11 1) 0

di sc’u ssu ci in the  fo l lowing paragraphs.

1 . 3 . 1  Accuracy of Data

The amount  and I ~‘pe of dat a required u if  a t u st p r c ) gr an t  is diet at -d
1w t h e  c o n f i d e n c e  r e q u i r e m e n t s  of t he  assessment  p rog ram , and t h e  conf idence
m i t  c r ~’al pm - ( o~’ icleci 1w t h e  a n a ly s i s  Por t i on  of the  p rog ram along w i t h  da t a  p rov ided

by oI l ie r  t u s t  t e c h n i q u e s . For inst anc’ e. shou r ld  a hi  gli cu inf i c le n c e  assessment  be
do - s i r u  ‘( I i l l  con ju r t ic  ( ion w j i l t  a how con f ic lend ~c a n a l y t i c a l  t cc l i  n ique , t h en  I a i ’gu

vo lumes  of ext  remely a c c u r a t e  h igh  q u a l i t y  d a t a  woul d he required.  Cons’ u i ’ s o l ~~,

if an ex tens ive , h igh  confidence anal y t ical  a s s o s s ni e n t  p r o g r a m  is u t i l i L u - i I  t h en

1 u -ss dat a would be r equi re d to v a l i d a t e  port  ii ins of Ii i  e ana l y t i c ’  al model. For

pur r p~ s s  of t h i s  program , data  c~u r a l i t y  has b o o n  d iv ided  i n t o  l i i  ree c a t cg o r ’ i u ’s ,

h i g h , ~. 0 . ,  c rror bounds of less t h a n  (3 ciB: n u e d i u n i r ,  i . u ’ . • u ’n’ i ’ i i l ’  i i u ) U n i d i s  i ) u 1 W 0 - u ’ t l

(3 and 2( 1 ~J ft and lc )\ o ’, i 0 ’ . , ( ‘  l’i’ / it ’ l)ou nc is w i t h  in 20 t E l  ‘ 1 ( 1  dB. Error  h ou n ds in

e x i ’u - s s  of 10 dB arc ’ c ’on side rc ’ci  unaccep tab le . Achiev able da ta  q u a l i t i e s  fc )r  t h u

p o t e n t i a l  s i m u l a t i o n  an d m e a s u rem en t  t e c ’ h m n i q t i u s  t u i  lu  u l i l i t u d  i i i  a l u s t  Were

assu- sscd  b ased i.rp on:

1 .  T)i i’eet h i s to r i ca l  u v i d l ( nt ( ’ u ’  of data taken on s i m i l a r  s i t u ’  i o n ’
l u - s t  i t e f l i s .  

1 — 9



2. Based upon experienced and demonstrated re liabil  it~’ of a
known itieasu ren t ent techni que or measu cement diev ices.

3. Based upon estimated rel iabilit y of required measurement
techn iques.

The accuracy of analytic techni ques were also evaluated. For this

study it was assumed that the an a lysis techni ques to he considered would have

accur acies comparable to the predictive capability of the PREST O code . This

code has been used to develop EMP and TEMPS environment respo nse predic-
tions at two AUTOVON facili t ies.  Comparison of  test data to pretest predictions

has been performed to determine , in a quantitative fashion , the accuracy of the

pred ictions as a function of the level of coa’iplexity d)f the coupling path to tile

point at which the prediction and the subsequent measurement were  made ,

(see Reference 1) .

1 . 3 . 2  Costs

SIMULATORS — Each of the potential EMP simulators that have

been evaluated in this program have been examined to determine their approxi-

mate oper at ing costs . Simulators in this sense applies to pul se and CW cable
drivers , low level radiators as well as threat level simu lators. Each has been

evaluated to determine such factors as trans portation costs , setu p and tear-

down times , and manpo wer requirements , operating cost s (i . e . ,  number of
personnel and material required), data acquisition costs , and finally data

reduction costs. Whenever two i simulators or two types of simulation will
satisfy a test requirement , the less expensive simulator has been the one

which has been recommended.
— p
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AN. - \ I Y S I S  — It has been assumed for the purpose of this  stud s’, that

analys i s  t e ( ’h t n id j u cs  wi l l  l i u  based upon t h e  J~R ESTO predicti on modeling code

wh ic- li Ii as been employ ed  and dcv eloped by t ine  Boeing Compan y in support of

t hu PREMPT and APACHE I~rog ra ms . No attempt is niad e . or intended , to

provide actual or reasonable cost for  any of the  analyt ical  assessments to be

encountered  in the  DNA ’ s C 3 A s s e s st r n - n t  Programs.  Rather  a relative’ c ost

iii rank or d ers for the  var ious  analysis effor ts  has been developed. There are

many assumpt ions  and ground rules in this costing effor t  which may, or may

not , hold du r ing  an ac tua l  assessment. In de te rmin ing  the relat ive cost of an

ana ly t ica l  assessment , the  size and complexity of the site combined wi th  the

availability of test  data will be l)r inl a~ry considerat ion , for instance a fa i r ly

simple fac i l i t y  wi th  liril ited numbers  of penetrat ions which was to be subjected

to a ful l  scale s imula t ion  test would require very l i t t l e  in  tile way of analysis .

For th is  type  o f  f ac i l i ty  and th is  type  of t echn ique  an “abbreviated” ana ly t i c

assessment would be considered adequate.

1 .3.3  Pract ical i ty

Eac h of the tes t  and s imulat ion techniques has been evaluated and

ranke d in terms of til e practicality of instrumentation. Those factors which

in f luence  the l) ract ical ity of a test techni que include such things as the number

of independent agencies requiring coordination . the size and complexity of til e

ph ysical facilit ies required, the  logistics requirements  and their availabil i ty,

s i t u  access topology and location . ( e. g . ,  use of a TEMPS type simulator  on

steep rocky mountainous terrai n would not be recommended ) .

1 . 3 . 4 Interf erence with Normal Op eration

The potent ia l  forms d)f i n t e r f e rence  with rou t ine  operation hav e

been grouped in thre e  cat egories.  These are:

1. physica l modifications to the site ,

t 2. interruptions of s i te  functional ac t iv i t y ,  and

3. Special safety considerations.

1 — 1 1
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~ 1

In th e  f i r s t  cat c gu l ’\ - , each s imula t ion  ui’ t e s t  te ( ’hn liqU e has hec ’n

c’valu it t - d  and ranked accord ing ( i i  those modif ica t ion  requi rements  a t tendant

U p / i t t  use it t h a t  s i m ul a t i )r .  There are then three  classe s of n i o d l i f i r d t i o n .

1110 f t  t ’s t  of these is fl’iQdj el’a te which woul d include 1 m u t e d  earth work . l im i~edi

t emp ot’ ii’V s i t e  mo d i f i c at  t or i , such as ci isc ’ ( / nn ed ’ t  trig cables , or installing spe c i i i

nll u asUi -Cr l ief l t  ( i ev i ( - c s .  The second ( ‘a teg ( i ry ,  which is more severe in nature .
w/ )u ldi  inc lude  p i i t e r l t i a l l y  Lu-ge earth work , expensive or more penlll arl en lt

rI’ iu d i i t cat 10) 115  t~ the s i te  f /i’ ins tance cut t ing holes ill doors or walls to route

i t i — ~t i ’u a a n t it ion ( ‘a l i l e s  or t r ansmis s ion  l inks , an d f inally t cn / ] ) /I’~1r\’ in s ta l la t ion

oil  aci di t  I ina l i l l  ice or labora tory  space in the form of vans or ~r aiIei’s.  The

f ina l  ( ‘alt - ~ i i ’v  of phy s i ca l  n l odh i f i ca t  i / i r i s  would include f ac i l i t i e s  const ruct  ion on

~ i t c  , i~~ gt t d i i t .  - d ’ l e d l ’ i l l g .  i nst al l a t ion  of foot ings , parking lots , sanitai ’v fac ilit ie s ,

I . 4 I - I l F (  “ I ’b ~~~ ) \ l A( ; N 1 - :  T IC  A I ~~PROACH

I G &  ( ; has ‘ni g a ~~ d the services  of the Miss io n  Research Co /I’  pora l i ( / n l

to p r i o v i d i e  addi t iu j ni a l  a i i a l ~’ t ic’  supp ( ir  t i t t  the ai ’ea / 1 Eled’ b om a gn et i d ’  Pni / p a g a t  b i t

and ( uupl  ing . s ri g M R( - u i  inn pu te r  cu ides , tile inc iden t  and subsu r f ac ’  c l i i ’  t rc ) —

flu a g r i u t I c f n - I  ds f /n - an  assumed hi ghi  al t i tude  (h A) EM P and for  ead ’hi of the

s i n i u l a t  i’s have  been eomput e (h  . Thus , the subsur face  f i e ld i s  generat ed i  by

tho  - v a r i o i u s  s i n i t u l a t c o r s  d a n  be i’on i pare d tc) 1110 Se i if  a h A  EM P to  cle t c rn i rite

t ! i  a d c qu a c v id  t hu s i n l u l a t i u / n  t c e i i n l i q ue , and the a n i i o u i i t  of ( ‘x f i ’ a l ) ( i l a t i on  w h i c h

w / / u l d  In ’  r equ i red  . F’or the s i m u l a t o r s  a crude app u- i / x i n h a  ( i d / r u  u of th e t v /u - of

s i g n a l s  I be a n t i c  i pateci fu r (ac hi / if the fo o ux ’  spec i f ic ’  s i t e s  was calculated . The

u s e f u l n e s s  of each if the  simula tors  c a n  ( lien In c v a l u a t e d i  in  t e r m s  of:

I t  adId ’q u~u ’V of s i n i u l a t i o n i , 2) abi l i ty  t o o  gencr ~ te s u f f i c i e n t  n ’o ’spo /rt s e I f u l f i l l

th e d a t a  r e q u i r e n i c n t s

Ihe \‘ i r ’ iou s o - x t  u - r r u ~u l (‘ u ) u l ) l  mn lg p in t  Its h i a v o ’  loc . ’c ’n modleled . l’he pur r—

/ 1 / S O  f t h i s  r i t o d e l i n i g  t ’ f f o o i ’ t  ~ as t i o  d u t e i ’ n t i r i u ’  the  r e l a t i ~’ u ’ c u r r e n t s  induce/I l in t

t h e s u -  c o u p l i n g  p ; i t h s  l~~ io n a s su nru le d i  l I t ~ I ’ M  P iur i c l  ‘ t i lt if t he v , I n ’ i cI s n ’ a h I , / t l t /

s imu l a t u o r ’ s  . Of p a r t i c u l a r  c o o n e e r n u  in m v  rac i iated i’~M P t e s t s  is I hu e a h ) i l  it s’ o if

1 - 1 2
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this n’adiatirlg sinlulat or t i  a a l e q u a tu lv ex c i t e  b i t i g  ( ‘ ( o tip l ing pa ths sud’h i as puo \t  er

l i t t u ’ s  I 1’ co n ln l iu r i i c ’ a t  ion d’~i h / l d 5  -

IJft~h I .-“ I - ‘ 1 1  ‘I ’l l) !”  EM P , \ N A L Y S I S  — ‘T he h A  field is def i  ned in
R e f e r e n c e  2 . Two ~v i ’st casc studies v5 cr c mach e . ( ‘ ase I m ax in n  lied I In -

Ii i’ii ontally p u lar ize c i  ci urn pui r le n it  ( i f  t h in c’ i clent  elec tr ic’ f ield . Ti lls / oc c urs

at an ,cngh of i n c i d e n c e  of 26 f r on t  th c  ver t i c al , w i t h  5in t  o - l e c t r i c  f ield

p i laz’ izat ic .in a n g l o -  of 79~ f rom t ll c ~‘er t ic ’a l  (F i c ’uu -e 1 — 2 )

I” ig u n ’e 1 — 2 ,  h I - \  Case I — An gO ’s  of T n c ’ i c h e r n ’ i  and P //lari y~/ t bori

( ‘~i so-  II m a x i m  i / u t t h e  v e r t i c a l l y  p e l a n ’ i z u ’ d  c’ E i n ’i u l ) ( / n i o ’ r i t  ( of  t h e  inc id ent
o ’l ec’ t i- ic f i e ld , This is a t  an i t n i g l u  - of incidence / if 26 and pi u la r izat  b u n  angle  u if

70 , w i t h  t i le  a t i g l u s  de f ined  a~ he f / / m ’ e .
‘I he h h i \  f i e l d  is u n t i f o r n i  ev er ’v \~ hu 1’e at the  su r f a c e  . Thu ,

u -fl e d o h g r ’ oun d i pa r a m e t e r — s  on t h e  n ’ u ’ f l e c t i o n  and t r a n s m i s s i o n  ouf  t he  f i e ld s
liv  t h u  y n ’ o ou n d need u n i v  t o  be u -~i l ( ’ u 1 a t u ’ ( h  at i / r i o

_ S p u u i n t .  ‘l ’hio i r i ( ’ i d o ’ m t t  and r e f l e c t e u l
u - l u - i - t r j c  ; i r i t u t i t y r i u ’ t  i t ’  f l u ids wer e  c a l c u l a t e d  at ( I to ’  su i r f a c ’u ’  id  t h i t  gn ’ o o u n i d  and (ho-

r an i sni i t t u ’ i h  I i u - l c i s  ~ u - r u ’  c a l c u l a t e d  a t  I , 3 , 10 , 13 , a n t i  20 nio - Iu ’rs behu iw t h e

s u r f a c u -  ‘ 1 ) 1 0 -  u - H o o t  of S u o j i  ~t . i I u - r  c o n t e n ts  of I , 10 , and :iO pu ’rc’u’ nt wo n’e

c a l c u l a t  u ’ ci  nm ( l i t - s o ’  I i u ’ l i h s :  I lu i l l  p e r c en t  w a t o  n c ’ o n t u n t  is an  i v u - n ’ ,c . e soil , and
lu I a n t i l  ~t ) p u ’ l u ’ o - t i t  i - i  o s  a n o  u s u ’ u l  as l x u n x l s .

_ _ _ _ _ _ _ _ _ _ _ _ _  - - —- - 
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Con dud ’t i v i t y  and s e n s i t iv i t y  are ob ta ined  as fu nl c’ t ions u f  fr eq u n enc y

:u ’cu ordi n ~’~ t i )  t h e  methodology of Lonlg nh il ’ e (Re f e renc e  3

Thi e plane ~va~’ e reflect  ion l and t r a i t s  mu is~ ii  o i l  / ‘ o o ,  ~( 1  c i i  nt  s (Reference  4 1

for ve r t i ca l  and horizontal  p olarizations were used to g u t  t h e  f i e ld s  at t h e

surface audi in the groun id.

TEMPS ANALYS IS — The TEMPS a n a ly s i s  Is  n n or u c’omp lic ate d

than  t h a t  of t h e  HA , because the  TEM PS f i e ld s  are a fu i n c ’ t i o i n  o f p osi t ion

To s imp li fy the analysis . TEMP S is assumed t o be i n f i n i t e l y  long and at i t s

maxi mu iii 11 c ’ight (20 nt c t  u t ’ s) . The (~le(’ ti - id ’ and n ll agnl et  Ic f ie lds  wet ’ c den y ed

fronl  measurr ec i output  u u f  t h e  ‘I’ EMPS iven  in E”i g u r u  1 —3.  The f ie lds  were

calcula ted for a square extendin g 100 n / i t en-s i l l eac h di r o u t  n u o n i  from the  cen te r

d)f tile l ’EMPS. at 50 mc ’tei ’ inc remen t s . The in c i d e n t . n’u ’ t  l u / I  ed , ~Itld t rans—

mit te cl fields were  -a lculated for th e  same d i e l i t b i s  in 11w g n’ o u o , nnt d as the HA
f i e ld s . Only the  f ields fc )r s o u i  I w ilt er c ’ u i n t u , n t  s O )f  1 — /1 ( 1 1 0 l ) u n ’ ( n i t  were  calculated.

The analyt ical  model for t h u  TE M P S  f ie ld  was i i u ’ i ’ o ’ s s a r i l y s imp le ,

and was based on thu ’ol -\ - for an an t enna  i n f i n i t u - !  v long .  ‘I h e  eXpre ss ions  of

lorcion (Refer ence 5) for a f i n i t e  an tenna  were  c ’Xpall ded i to g ive  t h e  i n f i n i t e

an tenna  result .

The resul t s  are:

V ( I )
E - I u~

z H
0

E ~~~~
-

~ _ ~ V (t )
V ~ y R  0- 0

H
0 

~~~~~~~ 

V ( t )

w 0 oo r u ’  F and F are the electric ’ fields longitud inal and radial to th e  antenna,
z y

r o ’s p u ’ ( ’ t i v u ’ l y ,  110 is the magnetic field az i m u t h a l  to the antenna , is the

perpendicular  distance from th e antenna , z is the longitudinal distance from

the center of the  antenna , and H0 = J ~2 z 2 
. V 0 (t ) is the pulser vol tage ,

and 4 is a ( ‘(instant .
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These equt a t ions  were normal i zed  to g ive a peak e l ec t i - ic ’  f ie l d

cf 50 MV ‘iii a t  5(1 meters f rom the antenrla  having t h e  waveshape of Figure 1 — 3 .
The fiel d s in (he grounci were c’a ld’u late dl using tile sanie ref lec t ion

c’ou ’ffiu’ients (w h i c h  depend U~~Ofl angle i) f incidenc ’e~ as we j- c us ed f o r  t h ic -  HA
c~o 1culat1onls .

SI [( 1” AN A L YSIS  — The SIEGE fields at -c a funct ion of posi t i on
alsi o . F’u ut ’  th is  study the SI FGF S  array was assumed to be 3 mcl i i’s above the
ground , and 110 meters  1/on /c  , The td)tal elecb ’ic and magnetic ’ field s are
c’alculated b o en ie a th  the simulator at the same depths as before at various
locations along the 1( 1/ tb of the s imu l a t c o r  . The grou nd has a ~‘ond uo ’t ivi ty
/ of 0 . 01 mu Los ~n lie ter and a re la t ive  i~ rn l i t t iv i  ty of 100 . which  approx in iatelv
cuo r :o sponcis to a soil water  content  of 10 perc ’ent . Tile fiel d s are d’a l d’u l at edl

fot - two d i f f e r e n t  pulsers excit ing the SIEGE : one is a standard double —
exponent ia l  pulser , whose output is shown in Figure 1—4 , and th i e o ther  is a
step func t ion  pulser s h ow ii in Figure 1 — 5 .

The method c)f solution is a two ) —dimensional  tin ie doma in  f i n t i t e

d i f f e r e n c e  s u d u L c i n  of M axw e l l ’ s equa tions . Nei ther  the source c’nci nor the
load u nuci o u f  the a b n ~ ’c grout ici array was  loaded .

OVE1 {l l I : A I )  CABIS E C UR R E N T S  A N A l Y S I S — The currents
i nc luceci u n  a cable by the HA and TEM PS f i e ld s  wen ’e cal cu lat e dh . The

cable was ( le fi r ted as a 1 —3 ‘4’’ OD I)o~~eI’ line cable with  an 1 - ‘B’ ’ thi ck ness of
insu l a t  b un  w i t h  a re la t ive  Peru/ i  t t ivi ty  of 2 . 75 (po lye t h y l ene  ) . Two leng ths , 50
and 100 flue t ( rs were s tudic ’d . The c ables were 10 meters  above a ground \v it h
10 percent  wa te r  content , and were  shorted to ear th on eac h end by an additio nal

l e n g t h  of the cable exte ndi r ig to the ground level

l o o t ’  LI /u  ( ‘xc i tat  ion , the worst  ( ‘aS ( of broadside inc idence  was

ca lcu la ted  , I . o . , the  en t i re  length  of the cable is c x c i  ted s imu ltanecrn sly

The cable is cxci ted by both the i n e id enu t  and reflec ’ted (fu-om the
ear th) waves w i t h  appropriate time delay s .

1-15
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1’ c ut - u 1 -5 , S1 1 - (  F’ ~ ° h ~ F u tt u i ’ t  lOll  i- x c ’ i t at ( / 5

l o t  t h u  ‘l ’b’ \ l l~S u ’ x c ’ i t a t i u u n i . t h e  c’a ld o- v a s  o r i e n i t a t u - d  as sh u o w u  in

} : ig u l n ’ u -  I
‘ h u e  u - , t I / l e  is a g a i n  (‘ X d ’ i t e d i  liv t h u  i n t d i d l ( ’ u i t  awl I ’ u ‘ f l o e  I~~h way  ~

anci t h u  s b / a t  ill ~-ari at io n l i f t h U  l I - ’ \ I  PS I j o-l o bs is takeit I n it o ac’ (’o un it , i n / u - l u c h i n i c
- do - l a y s

‘ I h u -  u - a i d e  s u l u t i o n i s  a r ’ u -  c b t a i  l u / h  b o\ u t s i t i g  a t i t i i u -  ( i o o n t i ~i i  ii f l n i ( u -

c l i ( ( o  n - u - t i c - u  s o l u t i o u n  h i  (Iii ( ( ‘ 1 0  ‘gt’a ~u btu u’ ’s o - i ( u a ( i u u n t s  b~ o - t o - n ’ o - t i t ’ o ’  I -

~~~~ CABL E- I

~ b Orn

TE MPS
T OP V

i - i - o t t o -  1 — l i , ‘ l b  \ l I ° S ( ’ ’a l o lo ’  (. ) n ’ i u ’ t u t , u t i o o ~u
5/
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I3URIEI )  (‘,-\fll51 - (‘IRRENTS AN AL \ ’SI S  — The shun’! c’ i r - uit c urrents

inciU ( ’e( i eon c ables buried 1 and 5 tlleters i~~’ l o  ow the  s u r f a c e  (of the  grounni di  were
calculated foot’ i)ot hi the  i l / u  and TEM PS exc ’it at ion . The s iu n ie  c -able tv /u ’
w h i k h i  was unsedi in til e overhead c ’ah ) lc ~ c ’urrr e n lt s  anal ys is  v5 as used , as w e l l  as
the sau l e ca l ) le lo - u t g ths . The ground had a 10 p er( ’ent t  water  c’ont eni t  , The
cables haci the sanu e cu r i en t a t io n  as for those Ovd ’rhe adi

The m e th i od  of solution is thiat of \V I Is oni  (Referenc e 7 )  ~‘ hiio’  Ii U-eats
the bur iu ’d cable as a t r an snt  i sSi ( o n  l ine . The inc ident  fields are those t rans —

mi ttec l into tile ear th to the appropria lu diep th l . The HA fields are

incident  everywhere  alcing the c able uni formly  , where as the TEM I~S fie l d s

are non —uni fo rm in both amplitude and time of ai’r ival

TOWER ( ‘U RRENTS ANALYSIS -- The sllort c ’i r cui t  cu r r en t s

in d uced on a tower 80 meters  high with an average radius  of 7 m e t e r s  ‘V u n ’o ’

ca lcu la ted  or 1) 0/f hi the HA and TEM PS cxc i ta t ion  by using handbook

in fo rmat ion  of Reference 8

The voltage induced on tile tower was calculated a n a ly t i c a l l y  by

in teg ra t ing  the  in ic ic l ent  elec tric ’ field along t u e  height of the ( l ower  . This
vo lt a go ’  is used with i” i gur e 2 — 1 4  c) f R eference 3 to give  the c u r r e n t s . The
TEM I’S induced c u r ren t s  are for the configurat ion shown itt F i g u r e  1 — 7 .

- - TOWER

•~~~~-~
b Orn

~ 50 m

T EMPS
VIEW

L _4 
F’i~~ur e 1-7 T F M P~~ Towem Conh1g ur ft ion



1. 5 ~ l~~i I \ 1 , \ R V  A N D  CONCLU SIONS

In t i l l s  Sect ion we will pre serlt , ill summar y form , the x-e sults o ) t

t h u  o ’ v , : la  j h i / l t 5 . Hit ’ e a c h  s ite , a matrix sumnlai ’izes the resul ts  in ten”n - of

u ’ ,10 ’il o f  t h e  u v , t l u , i t n ’ u i i  c rn t : ’r i , c , v ur  s i m p l i c i t y . each cr i te r ion  ll, - :r been
divided Ott/i ( ‘ , i t ( ’ i ) i ’ I ( ~~ - . ts slloV,’tl in Table 1—4 .

Table 1-4
Evaluation Factors

I . Accui ’acv of Dat a:

High 6 cIB
\ledium 6 < d13 < 20
Low 20 < cIB � 40

2,  Cost:

High > S500,000
\ l ed l iunl  S100 , 000 - S500 , 000
Loiw < S100 , 000

3. rx~rat~~
Short > ~ months
M e di u n in  3 - 6 fllOflths
[ o o u g  > 6 months

4. Pract icality :
h i gh Quick and simple
Mediu m Moderately di f f icul t
I 5ow Large complex program

5 . I ntet - ference W ith Site :
hU gh Possibility of long transient upset
\ I e c l w m i u  Possibilit y of short transient upset
l , ui w Rec~uii’e site personnel assista nce

An ovc t’vlu’w of the characteristics c)f tire four actual sites is given
itt T~tl)le 1 — 5 .
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‘l ah o l u - 1 — 5

th’ o i’v i u - w  of t h u  Fou r’ S i t e s  ( ‘ I i

S i t u  I

• M o i s t  Div e n ’ s i t v  of P0 1’ s

— — Ru ri ce) Ca hI c’s V L F A to t c ’ni n ias

— —  II  F’ A n t e n n a s

— —  l~vo \h1 (’i ’o r,o avo ’ ‘I u g V O ’ t ’ -S

— — Sal c’I lit e ( ;rounid ‘I er t l l inlal

• I ,ar u ’ Si / 0 - Grea te r  than  I km square

• I ) u si y tio ’ d four I - ’MP ll a r d i / o ’s s

11. L l l i  sv I l b .  F lu / i - i (Ia. Grou nd En t ry  Po in t

• Simp les t  S i l o -  P o u s s i i o b u ’

• Ot t o  Bui l ding

• N o ‘ I k u - n ’

• S h t i u ’ l i b o - d

S 1- ’ - ‘ - -  ,- \ t t t  o - t i t t as and ( ‘ a Id  O S

[II. I , a n u i a r , (‘ o o l o  o n ’ ~ u o b o  o , Gt — ooi i nc l 1” t i t  rv P o ) i n l t

• M ru- - l \ /0 :11. in thu \hiddlu- of th o u ’ Spu r t l’lifll

• I ‘ ns bi I t ide d

• Mi c’ n ’ o o ’ v’,I v u -  l o g o - u - i ’  7 5 ’  f r o m  Bui l d ing

IV. S i t u -  - b ( ‘ o o o o i n - n i u n i c ’ a t i o o i l s  S t a t i o u n i

• P a r t i  al ly R u r i u  d ‘h ail  St rue t un ru ’
p

• I ° i n ’ t i ~ill~’ S h u i u - h o ) o - o h

• l3la~-i I Iai ’d ( ’iuedi

• I- - ’,; P( )I’ s

IS
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1 1 ( 1 1  \ lQ~ 1- ’ 1 I i i  M u d  M o -il Mo- o h I i i  U)

2 l i i  Mcci M o d  M u d  l i i  M u d
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1. 5 . 1  S i t u  I Surn in lar y

Because S i t u ’  1 is well shielded arld hardenled , typ ica l  a s su ’s s n t e n t

tYpe ho s t s  using high level radiated puls in g  is not r e con nnnu ’nded :  t i l i s  h i a t u s

‘I echn iques  3 and 6 on the bottom of t he  rank order ing  of t u ’ c ’ h n i q c n u s  f uir S i t c ’  I ,

set ’ Fi gure 1 —8 . Tile roost confidence per dollar expended is gainc ’d us i i i

Techniques 4 and 5. Technique  2 follows closely behind  4 and 5. One of I h t u ~~ u

three , or a con lb in ation thereof , would seem to be the l) r eferr (d  app i ’u iac’h .

Because Site I is not vet buil t , it would be ex t i - erue l v  aclv antag eou n s

to incorporate i)ui it in test capahihitv desi gn t rade  s tud ies  re con inl i endu ’d l o u

eva lu i a t e  u se of:

1 . POE Direc t Driv e attac h ment s suc h as ~) igt  ails (or
toroids with  assessible abOv e grour n d al t  ach mu ’nt ~~O i j O t s .

2. Buried coils which could be driv en in thu ’ C\~ mcid e to
monitor 511 i c’ldin g as a fur ilC h i o n  0 / f  t in n e.

3 . Means of I ecti n g curren lts cli r ec’t Iv o nitc ) t ii u walls of
building to t ilonitor sh i (~lch lu g as a func h b in of tini e.

4. Insta lla ti on of p e r m a n e n t  cu r r en t  probes at t he  inside
and outside of POEs to n -r onitor POF hardness as a
f u n c t i o n  of time.

In addition . i t  is recon un iended that CW EM! ‘l- ’M C t Y pe  0 o ~ s t j I u g  of

t l uc ~ builc h ng shielding be accomplished dun r i tug ( ‘i u n u s t  ruc ’ t ion , before the  buildi lug

is h ) u ir ied. and alter the bui ld ing  is buried.

1 . 5 . 2 Site 2 Summary

At S i t e  2. Technique 5 is the iir (~ferr ( ’d te c iini d iue . It l) r ovid es

mo ciiu m accurac ’y wh en extr apolate d and has the  lu’a s t in t e rf e re r lce with si te

activit y .  Technique s 2 and 8 ar t ’ ranked just below 5. They prov ide slightly

more confi clence , but introduce a non—zero pr oba l i l i ty  of si te  upset or dam age

during POE thr eat level p u lso ’ direct drive. Th u ’su  resul t s  are shown in

Figur e 1 -9.

_ -



/ iSSESSMENT / / 
~/ /

/ 
/

/c 0NFIDENcE : - I
- ~~- ~~ A

1 h ’ - i i  N hQt  F 2 Hi Med L(i Short 
- 

Hi Med

3 Iii Med Hi Med L i)  Hi 
~~~~~~--- -~~~~~~~~~~~-- 

5 

- 

Hi ~~ Med ~~~Lo Med ~ Hi Lu

7 Hi I.~o III Med Lo ° Med 
5- - -~~--— -— — — -~~~~~- -

8 Hi Mc ci . Le o Med i i i  Med 
-5- 5- -. -- - -  - - -5 - - -~- ---- -~~ 4 5_5-4~~~_~~~

6 I ii 
, ,, ( 1 )  

Hi Med Leo H i

Figure 1 - 9 .  Sit e 2 Results ( if Evaluation

Technique 2 / u n i ~n l v s i s  : (‘W Radia t ion :  I~~ E I)irec’ t Drive I ’)

l c ’t ’ hniqu e 3 Ana ly s i s :  h i g h Level Pulse R ad ia t i on :  POE
I ) ir ect  Drive I Pt

‘—‘— 
p ‘I’u ’c lu n iq u o ’ 5 A n a ly s i s :  (~W R ad iation: Sub systen u (‘‘Black

I i u u x ”t ‘T esting

Tee ht ’iiq u( ’ 7 An alys is~ 1 , 0 ow I ~eve1 l’u lse Ra dia ti on : POE
Diru u ’ t I)rive (P )

Technique B Analysis : CW Radia l i i  in:  POE Direct  I)rive
(CW ) IOE Direc t I ) r iv u ’ ( 1’)

‘l’u ’chnique 6 Analys i s :  Iii gh I u ’vu ’l Pulse Radiation

Note ( I )  Questionable — Addit i onal  t ests or anal ysis required
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I . 5 . :t s i t  ~ 1 Surn n iarv

‘ l ’ luo n’ u’ su lts Oil thu t ( ’( ’i / I l i qut ’  evalua t ion  at S i t u -  3 are s i m i l a r  to

hi ’ os u - front Situ ’ 2. ‘I’iì at Is , ‘l ee hniqu r e 5 is ( it  e pref et -t ’c ’d t cd li n iqu c  fo l low ed

c losely by 2 and 8, s o t  F i t / l i e u -  1 — 1 0 .

1 .  5 . ‘1 S I t u  -I Su imniar y

Technuique 7 u ti l i z inc , t h e  ve r t i ca l l y  polariz ed ai rh ) ornu ’  H ES

~o n l u I a t o o r  pt ’ o u \ ’ i / I u s  t iu ~’ h i g h i u ’ s t  ( ‘O n f idence  as su ’ssmenlt . iIo u\v u ’v u’ n ’ . it scores

p / o o n ’ l v  in ‘ s t . p r a c t i c ’ a h i t v  antd S i t e  i n t e r f e r enc e .

‘I hi u ‘ t h r o n ’  u t  ho ‘n’ t u ’c’hniqu es eva lua ted  for pot en t ia l  u so at S i t u  4

appear  t o  / I t o ’  ( ‘qual Iv dies r ah i e .  If r econimended t hu at t lue  p a r t  icur hat’ t o  s t  —

ui m u t h i o o d s  u ’t i t ) ) l o v e d  in a t -st of t h i s  type  u ) f s i t u -  be based on othen’  c ’ou n ,s i d e r a t i o u u m s

such as a~’ iii l a b i l i t y  o of equ ipn n ent .

1 . 6  ( ‘ONCI , I ’SIONS A N D  RECOMMENDAT IONS

I . Hi gh or low level  radiat ion test , e i th e r  ( \ V  oi’ pu l se , is not

r u ’cu inn Ill o ii du ’cI for si to ’ s  wi t hi  80 dli sit ie ldi  ug and hu ar cie n o ’d pu ’net  i-at i u rn s .

2 , B u i l t  in  to- s t dcv i c’u ’ s , suc h as PO E dhi r o ’c t d r ive  p ° i n t t s , shoun ld

l o u  - i n c u i r p o i ’ a t u d  i t t  m o w  hu n ’i  u’c i sit i cRied and hardened s i t u ’ s  t ( i  n i/o u t/i to/i’ iu ar dnu ’ss

of s i t u ’  d u n r i n g  i t s  l i f e  e v e l u ’ .

3 . N u w shielded huni ld i  rigs sitoulc i t o o ’  t o - s t  ed d u r i n u g  c onust ruc’ t io n  I / u

v u - c i t y  i m t t  u - y  i - i t v  of s luj e l ds .

I , A nn f i i i a l  d e c i s i o n  con (he  u s u ’  u of the \ ‘ a r i o ) u t s  t o - s t  n iu t b n o i d s

b u t - n t / i s  sti’uu nu gl v on thu t u ’ s t  o b ) P ( ’ t l V u s , ar u c i the  i’e su il t t ’,  u i f t h i s  s t m u o h  shou ld  l o t ’
p

re— u ’va moi atu- d wluum a l u s t  u n f  i n t i v  p a r t i c u l a r  s i t u ’  is  c o n u t u ’ n i p l : n t o ’ o l ,

5 , A c k l i t i o n u a l  s tuc l i  u’ s  ul ~u 1. 0 ‘(‘oinnnn (ndoci ott S i t u ’  1 o I u - s n n i I r a o b u  -0)115

fo u r  I ’M 1° s u ’ I f  t ‘st o ’ap al ) i  l i t  in-s .

I l u n i l c l i n i g s  w i t h  quu st i o l lah ) lu ’  s h u i e l d i n u g  s l ru rn l d  huivo ’ low lu ’ve i

t e s t i n g  o i l ’  a n a ly s i s  p r i / u l ’  t o  h i g h  level tes t  t o ~ t h ’ t c r n u n i n n u ’  f c a s i b f 1 i t ~~.

7 . ‘I i t i s  s t o i d l y  p er t a i n s  to 1 IA E M I ’  u u n l v .  ,- \ o i o h m t i u i n i a l  s t u d l i u ’ s  shout i d

h u u ’  p u ’ r f u u i — i i u u ’ d  t o o  u p t i n l u i t e  l u s t  in g  t h i N - ’ -- for ( ‘ l o s t — i l l  t ’n ’ oo ~ithd i i ~i i’ s t ( ‘ u ) u r p l i t t t . .

1 - - 2 1  
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Technique 2 Ana ly sis: ( ‘\¼ R a ( i i a t i u i n :  POE l)irect l ) r i v o -  ( P

l’e d ’h/ l t i ( i u c  3 A n a l y s i s :  High  l . u ’ v u - l  Pu lse  R a d i a t i o u n i  P0 1”
Di c u r t  I ) r i v u ’  ( I ~

Techn ique 5 Analv s is :  ( ‘W Radiatiu 011 : S n h u ~~v s tu  ‘ n u n  ( ‘‘B lack
R uu x ” ) Test ing

Tee hniq ue 6 Analy s i s :  H igh Level Pulse Radi  a l u m

‘h oc ) i i i i c ~ ut 7 An i ~u l v  sis : I 5i ow L evel P u lsu ’ R , eI  I a t i u  t i  l~()!’
[) i n ’ u ’ c t  l ) r ’ i v o ’  I

‘Tee h ni i c ~ue 8 A n a l y s i s :  ( ‘W R a c l i a t i o m n :  Poe Di rect  I)r i  vu ’
(( ‘ V~- 1 Ik)I ’~ D i n ’ u ’ c t  !)r i ~ ’n ’ (P t

N u u t e  ( I )  (?u ’ s t i o m n i a l d u ’  — A d d i t i o nal  tes ts  ion’ ~in ~n l v s i s  required
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Figure 1- 1 1 .  Site 4 Results of Evaluation

Technique 2 An alysis:  CW Radiat ion :  POE Direct  Drive ( P )
Techniq ue 4 Analys is :  POE Direct Drive (P 1
Technique 6 Ana lys i s :  h igh Level Pulse Rad ia t i u u n
Techlni que 7 Analys is :  Low Level Pulse Rad ia t ion:  POE

- -—~~~ P I ) i r ec t  Drive (P)

Technique 8 Analys i s :  CW Radiation: POE Direc t  I ) rive
((‘W) POE Dir ect Drive (P)

N u u t u ’  ( I )  Quo ’s tionab le — Add itional tests or analysis r equi red
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S1’~(~~l’ t (  ) N 2

SI ‘I’I’~ \l )l I - ;  1,5 , \ N D  SI l l: D1 SLP I P ’l’lO\S

Ut the n i m a n i v  p o t e n t  u t !  .sttu - g ( o ut it etl’nCs w h i c h  - ‘ ; m l l  He en i c ’o u n i t e rec i  in
l ) N . \  ( 3 

F’ , t o - i l i t v  , \ s s o - s sn / e n i t  Pi’ o o g r a n / , t i / u  n’ y o ’ t i o - n ’ , u l i / e c l  c l , i s s o ’ s  \- , u ’ n ’ o -  ch u i s e t i

ic ’hi  i t o u nn ud , / u r  v p i t  ~, t ‘ u  - t i i , ~ t i  0 / ’  tv  o u t  t h u -so’ sn u s  - 1-’ / n o ’ac ’h o u t  t l u s o ’  h u u i ’

clas su a, -- o toe I’ Id’ -a t o rn ole I ~vas C,0 - n ( r , i t u - ( l  \Vh ich 1/ic oi’po i’ , t t C  s the chtaracter —

i ’ ~t Ic  p ;it - at n e t o - n ’ s  o u t  h i t -  ~~~~~~ \ V ho - n l  t he  f / / Un’  0 t a - r i o ’  n lu ) d ie l s  t v p i l v n n g  each

o - c’ o c o o ) I o t u - ( l , t n t  ac tua l  S / t o  d ’ l °u s e l v  i -esen ib l in -ug the aener ic ’  fllodbel Was

o t t  — u  t i  J o u r  u - ,ich c l a s s , ‘i ’l in s sec t ion  p r e s e n t s  desct’ i p t ion s  o u f  both t h (  -~~e o i o - t ’ i c

sites :0/1db t I nt  , i c tu a l  s i t / K ( ‘ h o / K / nt , l a b l o ’  2 — 1  scnnill’ m a r t z e s  the  tilaini d’ilal ’actel ’is—

t i c s o u t  t l i u  f u u n ,ni ’ cl~e—o so ~~- o 1

2 ,  1 ( ; l - :  NI -  l f l (  - SI lT DF SCRI P T IONS

2 . 1 , 1

1 i : -ci n ’e 2 — 1  po u t ’ (  i’ a \  s the  a t o o  t ’ i c  mociel  (
~ pIc’al o u t  ( ‘l ass  ‘~I ‘l’his

t i / u u d hi ’ l is t ’ u m i t t  i’ u oh a b u m u t  a b u r m o - i cu t / I  i’ , uI  b u n i l d i n t g  tunl c’ t i / ) n l i n l g  ,is a C eorn t n u n ic a—

hu n t  c e t t t u - I ’ . This hu i l d in m g is both bui i’ iu ’d and shielded an t d  has u t’ o - ,n t e c l , il_ Li o ’ - o n ’

pen/c’tr ’ t t u o u o o s  , .- \ I l  po i t / - I  r , i t t o u n i s  n ’u ’g , o r cb l e s s  o / t  the nu a tu r e  or s o u r c e  Ct / t o ’ !-  t h rough

ar t I - M P  v a u l t  which  c o u n i t a i n s  —a nn’  ‘. e , / t n ’ o ’ s l  l’ s , t i l t e n’s . and  s igr ua l  d ’ o n u d h i t  i n n i n g

u ( h u lp n l t e n ’nt . The s i t u ’  t i m o a i u ’ l  i n i o ’ o u n ’ p u i t ’at e s nu o) s t  ( ‘ 0 o t m u - e u v : t b l e  (‘ O ) f l l r l t U n / i ( ’a t i onl c’~ll)lC

p u ’ t t u ’ t  n ’ , i t i o u t t s ,  ‘F t/ is  n n c l u n o l e s s a t e l l i t e  up and diu ) \ V l h l i nks , mici’ uw~uvc l ink s , I ,

c a r r i e r  c’u n n i n l / u n i u’ . t t  t o o t h  l i n k s . hui ~ al c / m n l u n l u n i o ’ , / t  l u / I l K . h F , \ T F . .o n ci I - I’ n’ a h i o u

(‘ u ,t t i n n / t u l h i i ’ , i t  l o u t : , e tc . ‘l ’iic a n u c i l l c n ’~- h i u n l o h u n i g  cable s /11 ( 1  , / t i t u ’ u m i , l a  o, ’ u \ ’ u - / .  ,( t t n ’~ u’

~~~ P i i  i’ O ’ - i . up t o  - o t t o -  k i l o u n t n u ’ t u ’ n ’ .-~q cn 0 n’ u - . The i n / t u - r ’ c u m n / n leo ’ i e o (  bu i l d i n g s  , u i ’ u  a lso > diverse

in / ‘ - o , t o u ’ t  cv a n u d  f u n c t i on , S o o t i e  o h  t i / u - K u’ b ui ld n ni g, i r e  bu n ’ u u ’ o l , -~ u n t o  - , u cc shie lc ie ci .
- 0 0 0 ’  . u ru iou o t h i  ar i d  s u i t / u  - t ee ne i the r ,  I tu ’ ( ’ , i U 5 P  i t  the Lu’ge , u n ’ c’ , i and the  cliven ’ so’

t t i t/H’O o u t  t hu  to m t ,tl s i t u , u u n l o ,’ t t t ~ ce i u t r , ul  i m u n i l d i n g ,  ti le (‘ i)n’l n - u i u n i c a t i o ) l u  o’entei ’ . iu ,- i l l

be I I t o -  — ; idi  u- u t ‘ oh a lu ypu o the t  ical  v u ln u e r a i i i l  t v  , I s s e s s t 1 0 0 ’n / n
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2 .  1 - 2 S t  2

Tito ’  u ’ t t t ’ t ’  t o  l i i i  del 0 / 1  S i t  / 2 . sh iu o \ V ’ t  t n t  F m - a t ’u 2- - 2 , t \‘ o t t  es a’

s o n :  p l o  St ~~~i u s s i b le l n i r ’ t u ’ o l  i ’ o n ti n li un u i c.o t ii on i , i t ’  I nt y , ‘I’it i s  c l a s s  - o t  Ii/ ° ’ Ic ‘,- m s

t o t ,  in c h s h i n e  ldc ’d . but  cii o s  i/u t n / c u  ;i ’pu r . l  I t  - spo t - i  t ic ’  I M I’ h a r o l u  - 0 0 1 1 1 :  t t O  . 0 0  t V l ’

t o o l ’  i t s  pt -n e t  ‘ a t m o u n t s . Th i s  ci t -as  o j l  K i l o -  is I m u  i o u - c l  t o o  .1 n i /nt/i n/ u/ li niut i t l oe t att cl

l\ ’ p u -  i t  u u i u - t i ’ a t I u o t t s ,  Ti l ls  n n / ( ’ I u r ( l o - s  p/ o s - n ’  l i n n e s ,  it I o n _ m t - ted c u o n / p l u t l I c , i o t o / n /  c : o l t l c - .
0i n icl  I m i t t  u - o h  n i u t u t  Hi - i’ ~tn cl v ii’ j e t  V if t i l l  / t I t / , L 5  , ‘li/ IS t ‘, 00 0 7  m o -  m l  t v  n_~,’l i i cli

n n / c o u l ’ p u t i ’ m t e s  F\IP t i u ld s l u n e l d n n n g  , t t ’ o m un id  the l i u n l o h n n t g  t o n i  d ot ’s l o u t  i t c ’ t ’ p o o r o t e

1- . ~ol P ( c m i ’ d u ’ m m  n o v  of O t t o  - p u ’ i m o - t  L’ ; t t  t o  0 .5 is t vp a ’a I  0 o t  f i t  l i t  t o - s  b - s n , o t t - i !  n n i  1 - u -  01 i c h d l o ’
,tn o l t t t  - 0’ s , ‘l ’his n i t i o c h u ’ l  n i , uv  i n uc ’ l cn de a p u u s s i h i e  flh l (’i’o o\Y, t ’ ’ (’ b o O t ’ .

~. i .  :1 -,
~~~~/ -  3

f’ t a n _ m t . o’ 2 — 3 poirtray s :u:mu o ’ric Site - 3 ,  K o h -  - 3 ns ,u bun t — i t - i !  and n _ n t i s h i u - l d c - o i

s i t u ’ , The  111:1 1/or ~I it t o’i’ o’tices to/-I 0, 0 ( 1 1  Si t e  M o o d u ’ l  2 at id  S m t e  Mo 0 7 / - !  3 is the ,tlat o’ toce

o f  s h ie l d i ng  on t h e  loo n i’ied L m e i l i t v  in S i t u ’  3, In adlcli tiu m n u , — : i t c - -- 3  is tIm i I ’ O ,’ (‘‘o t to p lO ’X

in that nt inli ’ ou n ’p oun ’ .t to s a l , c n ’ :a -n ’  v~tr i u - t \  ‘ i f  p u ’ o u - t n ’ ,o n iuun s. Spu’ cifi c:o llv , . i t a t ’  c m ’

l i U t i i b ou t ’ u j f a ,nl i u ’ l t t i , i K  :tncl (‘u u n ’ t inm nn/i c :iti uun/ c’ahik ’s .i  no’ pi’o as u - t ml . Tills I n_ pc’ - i t  st r u e —

t u t u, - . i , e . , lnu ’,’ic’di but u n n u s h i e l te ( h , is I v p i c m I  o - t t’ac i l  its ’  t b c s i g t a - o !  o i l ’ C ’ o m !l: ;t t ’ U O ’ o K !  10

t h e  l~u t c -  5fl ’~ t ut id u ’a r lv  ( 1 5 ,

2 , 1 . - b

was ( ‘ h o o .s o ’ t n  b i o ’ c . o c t s e  i t  t ’ u ’ p r ’ e s e t m n s  a b tu t n l l l ) e I ’  o f  t a u ’ i l n t  t o - S

n _ l i  ic ii , u m ’ o ’  part t a l l y  i)u i -ned i r , u t h e t -  th a nu  cu mi p le t e l  \ 1/ u/ - tech  and pa n O o i l  lv sh i t - i  l u ‘dl .
Si n u -  o -1  u t / u - n - m m -  n / i u i d o l is s hi n _ i t  mi  F i g - ui — c ’ 2 — 4 . Class ‘1 n s . n  ‘‘ h n _ l ut’ id ’’ not o ud e l

h u o a ’ , t t m a u ’  nt  is u r n l ~’ p a i ’ t n , u h l v  bur ied and o on l V  p i n t  i t t i k  slu t -H o-c l . I t  5 t ’ u’ p t ’ t ’ stOi —

t a t  n y u  o u t  , i l~tn’ t ’ o -  n u un ib er  o u t  s i t e s  wh iCh  cii i  not ( ‘ l e :m r ly  fa ll i n t o  th e p n o - c o  h i n t ,

f l i r t - u -  u ’ l 0 t s s u ’ s .

2. 2 ,-\ ( ‘ ‘ I I A I - :1 II 1)1 ; SCIfl p ’I’l ( )N S

A l i i ’  uu - f 0 n _ ’ u ’ r~’ a’’ o u t  I b o o ’  fu iu i’ actual s i t  u - s  selected fo u r  t h I s  - :t oad v n

c o v e n t i i i  ‘I , o , t u t e  7 — 2 , i’!’o u ’  t O o l > -  c o m t : u n n s  s h o u r ’ t  l i st s  ui t h e  ~ i t u -~ u ’h , i r , u c t e r i s t n o ’ s .

‘ i h m u -  c h , m t . o u - o  - n ’ i - - t n c a  f i n ’  u - c e l l  site t y p i f y  one o u t ’ the 1- u tu’ u ’ l a s  u s  t o f  u’  o i u ’ n ’ n c  a n t i ’ - - .
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‘l ’ a b l u ’  2 — 2

Ovet’v t o ’ ’ , ,  o u t  t i / C I- ’ u.n t’ S i t u - s  ( ‘ l i  ose it  , i t / ( l  f l _ i t  no ) i t aj ( ’

S i t u’

• M ost  D i v e r s i ty  o f  PO E s

— — Bun ’ i Cd l  (gob le s  \ ‘ I - F ,-\nh t u’o utu , ts

— — 11 F Ati tenltlas

— - ‘I v;o o M ic ’ n’ o u ’ v , i v e  J o o ’, n _ O ’ I ’5

— — “~i t u  - I l  t lu Gia UI /t i  Ter m imu l

• 1,ai’,- , t Si ‘u: (;m’ u - .m tel ’ ilu:un 1 knu sqct .nn’ (’

• D&-sig’nted fou r ’  1- \1h~ Il .u  i - dnte ss

I t .  I - I l l  isv i l le  . I - I  ‘ on ’  n o ~ . ’ - Gr ound I 0 n v  I~ oo nut

• S i m n p b u - s t  S i t u ’  I~’ o~~si b o h u , -

• 0110’ R u i h t h i i i .

• N o  o ‘J o i ’ . ,  u - n ’

• —‘ l / n u h o ( u  ‘ o h

• l u ’ ’ , .  .\ : i °  u - i i : i , o  - — - .tni cl ( ‘ , o l u l o -  —i

I I I .  I , L t l i 0 i  n ’ , ( ‘ o i l  mn ’ a t l o  / , ( i ’ o ou i’icl l- nitrv J ) o m m / t

• \ l o  O r e ‘ I ’ ’, o i t - u t . in I l / u -  \1 id id l u’ o u t  t i t e Spu d r a n n u i

• t ’ n t s h i u  ‘Id ual

• M > c n ’ o o ’ , : , / \ ’ o’  ‘l ’ oo ’ °a’r 75’ fj ’ u o n ’tt B u i l d i n g

I \ ‘ . Si t u -  -l \1 i d ’  uv , ’ , i v o’ Sn it  i o u t /

• I ° , u i ’ t n a l l v  f l u r r i ed  ‘l’~o I l  St i ’u c t u t ’ o-

• Pa n ’t i , t l  Iv Shi ie lcl ec l

• I~l a St I I .u i ’ d s- n i u d

• i- ’u - n _ ’. - PH I - I s

2 - 8
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2 ,  I t .  1 S n O  1 , l I t  ‘a - d p I  L u  on

Ii’m u -  i u u , n  00’ F \1 P e h u 0 c n ’ . u ’ I t  n ’ m s t  mc’s o f  S i l o  I t n t -  l i s te d  m t  ‘I’ , ib o h u - 2 — 7 - .

T _ t l u l u  2 — 3

S i l o ’  I Desc’ n’n p t  nu n

Plan i  ~ to n_v arid ) i n l C n l Sj / i n ’ms

• S o t  F m c n _ t re 2 — 3
Poinin o u t  I - , iL _ t ’v 1, 1st

• D u o  e I pen/ e t  n ’at j o in t
— .-\1l 1u . n i ld in i o gs and u - d o t  o s  E M P  s l u i e l t i d c h

— — - l  t on i  th ’i ic’k ‘o i l f 0 ,~o tu  ‘ o ’ j
- -  — ( I abl t ’s  in t o  h u i l t h n t u g s  v i a  ‘\ IP  v a u l t s

— \ l , o i n u  h ) u i l d i i t : ’  1 O - J t u i  x HUnt  x I S t i t  t i g h h i  : bu rne d  3m
— Eu our  btn ri o -cl s n _ k i t  (‘11 fac l i l t  m u - s

• ‘I ’ ’,: i I’l l IC r u n v , t v o  t o  ca t’ s I C 2t io 1 and I - ic  i i  i t  nc - s  — , i h  / 0  V t  an’  ° u u n t d

• I w o  \ ‘ I , F I F  a t i t t - i u t i , t s  — 1)u n ’ t u  o~ I t o o n ’ i z o u n u t a l  n i u o o n i o u p o t i u -

• I- ur liE anit enuna s — m o n a o t i t , u  I cli p ole  ‘, :i i

• Satel lit o ’ gt ’ o u c n t t o h  t O l ’ t l u i n c m l  — di sh  , m n / t t - n l n l : L  .tn icl  t , n c i l n l v  — . m h ove
C-’ m o  u n ,n n uch

• ‘ I ’ n _ o :o u  Sc, mU ’ lio- o b telep l uoot/t’ li nu s — i n i t u i  s n _ n _ i t ch  p u  m t / n  - -  l R n n ’ i o - d

• 0 I n t o  l e ; o  s u ’ o h  Co m i i / l ) i U  ‘i i ( ’ i i t m / ) n / i - , > b l u  — i n u t o  0 sn _ n _ - i t  CII p o u d i t

• Pt’ I t u n a  n’ n _- 
~~° ‘ n _ u  t’  — Wo ive _ n’ torc h n / t o o  s i l o ’

— ,~h m t ’ j u h t o h  t i - ,~ i t o - i f o o i ’ i i ~ u - i ’  ,u t  ( , 1( ’ l /  l o u i m l d i n / g
— Su ’c - o o nio h , i n’ n_ I in / e s Ifl Hon r i o  - d i  ci inuc lu i t
— l nutou bui lci ini g n _ n a  I’M P vaults

l t m t 1 n  on - t a i n t  l - ’o - , t t u res  ,u n icl l~e u ’ u l , i r i t  u i-i

• 1 a  • (‘ 0 o t i i p l c ’ x  s i t e  — ru i n /v  lm u i il t h i i i : ’ : - : , c a b l e s .  l~( ) l - ‘ s

• I )u - a  i - i t o - i l  t o o  lie n_ ’eI’v lim ed t o o  I - , ‘n _ i I i

• I / h i o oss b o h o  t o o  - - i i nu i u i l t . o n i e moi s lv  l l l u n l i t o , t t & -  u - n i t  nt’o ’  s i t u ’

2 - 9
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2 2 2 ~ i tu ’ 2 I ) u - s o ’ r i p l  ion

‘fl/t ’ nua~~u. l- \1 I~ ( ‘l/ a n ’ : m c t u ’ r t s t i c s  o f  S i t u -  2 an a - l i s t e d  in ~ ‘l u l l > ’  2 — 4 .

l ’ a h o l  2 — 4

S j t u -  2 I ) u - s i ’ n ’ i p t  m oon

Planu V i t - n _ v  :L n id i J ) i me tu s ionus

• SN- Figure 2- h

Perue t n’at ion is

• St’u’ ‘Fable 2 —  a o ut  : n n m t > ’ t t i m , u s

in /p i ) n ’t ~i t 1 t E ” - , t l u i—c s .uncl 1~econ l c r i t t e s

• i-I ‘n _ I l~ Sh ie l d ecl  i R l i l d i t i g

• N o o  n ou n _ n _ er

• I” u ’ n _ n _- penet n ai l  i 05

M a i n  B u i l d i n g

T h e  b u i l d n n m t ’ , is ti c u i / c r ’ o ’ t C  r e l u i r  sti ’uetu i ’e o h u ’ s i g n i o a ti for  sur n _-  m v i i  t o o

50 psi . Equ ip iu u e n t  i n s t i l t e t h  in the  bn, m i l d m n / g  in sluia ’k n l m / u u n u t e d l  l o u  n _ n _ - i t l u s t , u a h  an

o V u ’ n ’ p r ( ’~~KU r e  o f 50 psi , lb/ c huotton lu sl ,ilo is 38. 2 f u u - t  l o e l o o n _ v  t h e  r o o t  s tab , l Imo - ru -

ns  , t n t  , tn _ ’ u ’ r , m : ’ u -  o f  5 H - u t o u t  s ou l  abuove ( l i t ’  n u l l )  slab , l i t  , o c h c l n t  n u n . the re is 0in ab ovu- —

.: t’ o o ~ t t t ( l  pu r t io i /  of the St u’ui c’tu n - o -  wh i ch  Ci u t ml.ii t / i - i an u - o i n i p n u n e n t t  - t h u - o t t  Ii ’ o t s t  inch

e n t r m , n u co ’  d o o r s  ‘ h u t -  n’t m n u t o rc ’l nm g i o n ’  sic u’ m u d sp a t - i n / v  v , m n ’ n _  - 1 1 1 0 -  ,/ vu ’n ’ , i , : u - ~I/e

is 7 i t t > ’  u t  an , i v o ’ r . o o ’ ,e ap /ring of 2 f t - u - I . ‘[‘he m ’o-Io.or is I nt O too g o t l / u r’ u n _ c r y -

‘ b i t - r u  - ‘ v /l i t lO- ~Y , t c n g o ’  0 m ’ o o i l w i r e , ( f l o - f e renc’o ¶ 3 1 ,

— 
‘i’ht ’ u’ o o n o c n - u - t e  t l n i c ’ k i i u - s s  v a m ’ / e i— is  f o u l l o o n _ n _ ’~

I ’ o ) I )  sl ib 2 f u - o ’t

I l ’  o t l o o t t o  : 1  , u h o  2 to -u t

ho ( I >  - 1’! o o o o i ’  1 2 ioo i - Ito s

lot so lo - - , , i l l s  I f o o t  , I i n t c b i u  s

n o -  is .c ~ o o ’ o o t i 1 t  i~o i l t h i n c , ‘- t i’n,idt Ui’ Lll\ ’ SO P uI’ , t t ~ ’ 0 l  n o o n / u  t h e  m i i i )

( o i t i F t m n m !,& . , n _ b i i d b /  h a s  t g , m n . , o - o -  co o t a t u o r t u ’ . u u - o - o .  ‘ I ’ h i u - n ’ u ’  is i i i  , m d e o - ss to  t l t i s

oi l  o h  o t  tu g  lo t -b - ow t o  o u na h  - l , f o ’ i ’ t  r a i d ( / 0  i n _ u  - i m d l  n_ n_ it>’ r iL t ’~ - suppl m u - o h  V 0 , 1  C u onc iu

tfl ( I 1 > 1 1 ) 0 ’ i i i  i i  l i n t :  ii t o  b u - r I i  Ci t o  b I i  un m o f l i t ’  n / , t  i n n  bu i t ch  i n n t , z ’
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‘ [ ‘ I to c i t - t b  n - o s n ,st > n _ ’ i t v  t o o t ’  t h is s i l o -  is e n t n m i t e c l  t o o  he 1 ¶ . , -  o 20 o h n u n — n u

S t i /U t ’ the b o u t  0 1 1 1  s i _ iT o is Cl o oS t’ h o i  the n _ ’ a i t t ’ n ’  t able .

1 ’  on’  p ro t t a’ t  lo in lto )ni I i gh t tu  log andi F P - th bu t i d i n g  is ’’:t ’ - -P l ~°’~
1 with

a 7 u o un t ’€ -  C- °l)P~
- 

~
‘ su ed which  is attou’hed tu t h e  per mp h e ra l  ~r u ) u n ud1 0’ 0 ( 1 5.

Gi’o ufld do uds s~ rno )u nldi  t ile p e r i m e t e r  of the bum 1cl tn~ and are spaced

o n _ - c  n -v tO f t  t i  - The gm - i uunnu d  n - u d s  .1 ru, 0. 75 inches iii chia rnete r un c l 10 f ee t  long

of C ’ opp CI’~~dl 1d i - , I e u ’ i  -

\\ .~vu - n _ i  mol t-s and ‘Fn - anu snu i S S t u ) t l  Lin e s

There - on ’~- no ‘-n_ , i n _ - e guides . horns ,  or tower at t h i s  si te .  This s i te

0 1 0 0 ( 0 5 t u o o t  h , m v o  - , m t n _  so o t t  C I I I  - —1 085 antennas ,

h i n t - c l  C h I C _ Antenna

‘ I Ttu -  fu ou r b u , m r c h o - n t t - i  , un / i en ’in ias (CA — 30 1 RH )  mn ’ e located approxim ately

2 8-5 feet (h i t ’  west o u t  the n u m  in b u i l d i n l g  and . n n ’ u -  p laced ori t n _ n _ i >  separate t owerS.

‘I ’ h uu - (‘ . / boi o - ,s t n ’  o t l /  ea u,-h if the  ha r d  CI I U  antennas penel r oite the gr oun dh

,t t  i l ic ’  . m t u t c n l n u a  l i _ i s o  , ‘flue ( ‘ ,it)les run  3 10 l u - u t t o o  350 f ee t  to  the b u i l d i n g .

(‘ o m i t - n ’  (‘ , u h I o ’ s

‘ l I m o -  t iut’u ’e I~— 1  c , m h o l t - n  .m r ’ app r uo x tn i a t e lv  2 n n i i - i i u ’ s  in d i _ m n ’m u ’ t c ’ m ’  ,t n i cl

o ‘ . -‘h i bm , i o- , t t i  1 8 inch leach sh ie l d  cu lve r - c c!  by - mn -i 1 8 in c’iu in u sul i tu n ’

A n u te n un a s

Th(’ 01111k’ , m n i t u ’ t i t t , u : - ~ thi , m t o - x l s t  at thi s s ot o- ,i i’(’ ( 1 )  I ’M an tenna  and ( 2 1

C II I  — 3 01 1-1 11 h ard anut enu ni n s

I . o o i ’ ,il ‘l ’ c iep h u o u n t e  1. I t / u ’ S

(‘ n / u -  1 . 2 5  i n c - h c h i m n u i u ’ t t - r  j o o t ’ . u l  t ( ’ I e i ) h i u t t l L ’  l in t ’  c ’ i bil t ’ (h>uried enters

I h m u  - 1)U i ( l i n t a

i~ n’ i n u/ a n’V I~ o ’ ,n _’o -

‘ i b m ’ tu t i ni  j ) u u \ n _ u ’ t ’  I r tu t ’ s  .mppr u > , i ( ’ h i  ( h i t -  s r t e  t t o r n  f lue nuo rthet o st above

‘l’ o oUi l ( i  . , -\t a P i l iT i t  150 l u ’ u ’ t  l i ’ u ) r u i  the ni uo ’th e m st t ’ o o i ’ t t > ’ i ’  oi l  t h e  b u i l d i n g ,  f lue

1)0 0 - a l ’  h u e s  ( ‘l i ter  t h u  g r o u r nd l .  ‘ l I n e  po e3n_ ’er’ m ’ . t h o l t ’ s a i ’ >’ cn m c , i s ed n it  o o n / e  (‘o ) i i d l U i t

( \k - i / ic h  I S  Ifl (‘ o ) i i ( ’ n ’ ( ’ t u ’ ( ,  I ttch1 c o o u d u i t  is 4 ima ’hn’s t i n  c i i . o n i e t e r . scp , in - , m t c- d  li ’ o ’om

‘ i c- lu u thu ’ r by 3 i t u ch e s  , ,u u ( i  t i’,ivel s ,rpp i’ o ox m n m m ,  i t  ( ‘ I n _  1 t o  0 )t u n uci t ’ i’g t’ u ou i i t d t o ) the
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psi h 1,os l h o m t ’clo’necl  h u o l d h i m / 4 .  i I  ( h o o d ’ s  0 1 , 0 1  h .o vo - on _ n )  i o t f e L n _ n ’ , n _ l 1’ \ l I~ -u bmi c l d  0 0’  i ’ \ T P
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3 , 1  h ’ \I I’ , \ SSh - :SSMV ~~’F . \ P P h ~OA( h I
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p 0 1 0 0 5. u ’ t  0 ’ ,
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7. h ) u - t o  ‘rn_ t i 101 ,01 mu 0 0 0  o i l  tile funo r t  - n o b  i’ u ‘spo 001 S 0’ ( 00 1 10’ I’ll)s

of  s i t u ’  i / / i S s i 0 0 0 i  io’ o ) p o n _ L I ’ n / / ( ’ t u I  ) u o f  (hue f o r  II t tn _ cvl iu ’ii Il / t
ti/I’(’sblo ul (lS ,0 0 0 u ’ X ( ’ ( ’ t ’ n _ leo l
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ho ’ o , o o m ~ o - o h  s i l o -  o i s s > - s s o h o i l i l n _ ’ , s i l o ’  m o o t - m t  m ’ o ’ i o e o  - l o u t > ’  c m c . o m b c o b o h o - , -- r oo ’ lio t ’ O c m o ’ O ’ - o s .

0 ,  o h i o o o p o ,  n_ c b l o b  us o - o - b l - - t h u t ’ - s b o - - h t  - m o  l , o I O v o  lv  ~~ o’ c o 1 ~I > -  o n h 0 1 0 0 ’ \ b o o ’ O R i v o  o b u m ’ —

h F  0 0 0 0 0 ’S 05  l I t ’ s  ( ‘\\ o h o r , ’ i ’ l  o h m ’ i n _ o -  l n _ - ( ’ b o t m m o b o n - , ‘l ’ o ’ n O ~ 0 0 0 0 0  b o  o ’ t o - o  o m s o o o - ~- , 0 - 1 0 1 0 0  0’ ~ 0 - . t o

I F o  d t i o - t t  - m u - s  o F  00  Sn _ n_ u b’ t ( ‘o\ ‘ u  o t u - F , 0 0 0 0 0 ’ . ‘l i m o s  t y p o ’  of 0 > - S O  u o t i I L ’ e s  su o ’bo ~ i m o o t I I

s m n o u . o l  u - c u - Is t b o , o i  l o  i - 0 O l O i u ~ / ‘ , i O i  l o  - h o ’  o ’ l o o o ’ o m m o - t h  0 0 0 /  a u  i o o ’ - r , o t t t o ~ s o l o - c v m t h u  l o r o b o -  0 - F  0 0 0 0

i m t t o  O ’ t o  0 0 0 0 0 0 t o o  i - - l b  , - o i ’ ,ol O o oIOs , l o t  c m t y 1 o m u - c ol ( ‘\‘, b~~)I d o m ’ o - o  1 d m ’ o v o ’  t o  nO , , m

I F -  ~u > - o i o ’c ‘ O t t o  0 ,000 / i ’ , o e F o o S S  n b , -  h o , o o s h n _ v t d t h  of j 1 0 0 0 - o ’ o st is uso ’~h 1 0 0  0 1 0 1 0  0 - 0  ,~m a o l c m l S  , o t

‘ l o o t  o i l  o - o m t r y , c o o o i l .o s b i u - o ’ b r u n o  - 0 ’  no l ’ , o , o o F b c  ~o o i o o l v i o - m ’  os n _ i s o - I  l o ,  c o - i t ’d m i , u : 1 . o O , o

c o t l i t > ’  m o m ’  o o su t o ’ o - o o o u  ou t  p o o t m t s  ~- I u i u b o - r o ’ S t , ~ o - o  1 t u ’S O’ t ’ 3 - 2 .

3, :b . 3 . 2 .-\ pp ’ m o ’ o i t t o n / .  ‘ l b >  ( \ ‘ o o l o r o - o ’ t  ( h i i c o ’  m o m -  t I m - o h  i s  o m ° ~u - - l  t o o ’

1 .  ‘c i ’  , O S O O F O  i 0001’ c i mti o t o - O S  t o o  u t -  oN’’- l mm o i o u -  o u m o u , b u - I m i o - ’ -

2 , lo b  - n o t i  l ’ s ’ b o o  I s n _ v i u i o ’ b m  0 0 0 0  0 0 1 0 0 iv u ’ o o t _ i p 1 t ’ 0  I - i  1k) !- ’ ‘s t o o

dbt ’ o -m’ 0 I b o o  - 0 0 1 0 - 0 1 ,  I i  ou t _ i , o ’ h l u o m ’ t

:0 . I I  i n / m m  u o , o O  o - 1 ) 0 0 1 0 0  Is o o, b o i r b /  , o t - o - 0 / o u t  ‘ u o t _ i p ho ‘o h too l~()1- 
‘ i—c i l’ ooi / t

O h i o ’ m ) t u “ I t  - Ii t o u i  - - I  t o  o t t

-1 , \ o  - o i l ’ , i t o  -oh  or  t o - t b  t m - c o  i t s l u - n ’  t o o  io ‘ I i  O t i S  o i l  I 0’ I I to ’  f o o e  I

5 . \ l o  , m o - o u o o ’ o I r , m u m ’ -~b o  t n _ o n  ‘ l o o u o o s  ( h i r o - t ’ t h v .

i ’ i o m O ’ ( -  i - o n_ v o o - v o ’b n o - - m o o n _ I s  o r > ’  u t s o - , l  , Ihm s - iou-O h uI c c i i i  mo ot  d r i v o -  l~U l -  ‘S

-0 ’ o ’ o o i l t o l m m m o ’  o : u t b o s  t l o 0 0 0  it , o m l i o o u ’ o i o ’  ts ’o .:ii uni s . TR o t ’ ’ f o o t ’ , , t i t u s  t o - c ’ b O n i i o l t m o ’  s h o i o n l d  b o o

‘ 0 - - o u t  n_c o t t o  o - u 0 0 0 0 0 0 0 ; t  \c, b i o ’ o o  0 0 0 0 0 0 b 0 0 0 0 ’ o O m ’ i I i o - S  s o m e h u  as 0 b o - e t i ’ m e . o I  s o o m ’ n u ’  001’o ’ o ’ i - - I - ’ m ’ s  0 0 0 - 0 ,

1-c too o n _ c’ 0 0  - - 0 ’  t—ii i ’ _ O l )  - u - t o - o h .

,-\ ‘ - - t m t o - n m t i u - u o o ’d ~~ 3 . 2 7 , o n _ mo ot i j u t m e t  out loon _ c ho n _ i - I  (‘‘o\ obi m ’ o ’ rl o b i ’ i n _ ’ o ’ i s

I - o , n _ ‘ - n _ u - I  lo t ’ ’ - i l  l o c o o m o l  p o o l s o ’  t o  sI  - I t  Ii > s n _ l i  out bloc 5 , 0 0 0 0 0 ’  codn _ ’ , o o u t , o ’ ’. ’’s , o t o u b

o m 1 o o f m u  ,01 0uo n o i - —  ‘‘ I I o o n _ n _  I >  to I ( ‘\ ( , l o u t c- , I b m  co 0 / m o o t ’ > ’  n’ o - n l m ’ o o ’ I o - o h  o b n _ ’ m / o i o i / o r  ‘ - 0 - : - ’  -
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:~ 2. :o . :t I 0 , / m o o  ,-\ o - u ’ u O ’ 1 0 0 - \  . ‘I ’b iu ’ c oee o i o - c o o - n _ ’  ‘I l i m o -  u ’ t o o ’ o ’ u ’ m u l  b oo’ h o  i m m  0 b o o  h o  ‘ i S o - m o o ’n _ ’

o I ’ - o m o o m i o i  o i -  I n _ I l l  o o m ’  12 po- o’ i ’ u ’ o i t  - ‘l I n t ’  , o o ’ o  0 0 0 , 0 e v  o i l  l i ,  O u O o  , o S u j ’  m o o .  i i i  0 0 0 0 0 Ii ’

l o m ’ i u j t o - o l h o , t i m . -  ci i d t i t  oot t oo Si’ ,p , 1 0 / 0 0 t o ’i b o O ’  o u b ’ b c c , o t ’ i - o  - ‘ 0  n b o o - e t l ’ u m m t o o u o . i b c ’ , o  o ’

\\ b m i o ’ h n _ ’ n _ o - r  in  n _ i s o - - b , , 0 0 ’ ( ’ n _ m m ’ o o o ’ m u - s  o o t  1 ( I l l  ‘ t o ’  12 I i  ‘ 0 , 0  n O  o n o m u  ho , ’ m ’ o o m o n o o - t o - n u t i ’ ,

c i o ’ l o t u - \ o -  I i t O  0 1 / > -  m o l d  i t  p m’ o o h o o F e , o r u ’  o o m i d  b o F c i e t i c o ’  O F ’ -  ti~ o - - l . ‘ i ’ bio on , b o o r  ( ‘ \ \

s 0 0 0 0 - , ,  l t ’ , O o o s t o - F  f n _ m o m e l i o o o t s  e c o n o  b o o - n o o ’ c o ’ - o m r o - u b  o l m o ’ o ’ o ’ l b y  cc l ii ‘ n _ o j  , , o ’ o ’~~r , o o ’y ‘‘ I 17

O F  O O p I o F o  0\ l u / c o  l o b  v I . 5 ‘ l I t .

2 , -I I ‘c i t  s-  b0a ( ° 0 0 0 1 1 0 / 4  Si m o m _to _ b o o  I~ ’ ‘00

S . 2 . 4 - 1 D o t  1 0 ,0 ltbooii , ,\tm b - Al I’ s i o u i u b om 0 0 0 0 ’  5 co ‘ h o - n _ - m o ’ ’ - n_ c ii ‘ ‘1/ 5 o ’ o m 1 t c o i - b ’  - 0 ~

m l i n _ m n / i o / . o h 0 0 0 : ’ 0 t o - S t  o u j o b o - o ’ t  c c ’ i t h u  00 m ’ c m u h o c o o e d  - 1’ bo o n _ mo o I - b \°.cmn _ ’ u h / t o o - - o h ’  n _ - I >  0 0 0  , o i ,0 _

I i ’ 0 0 0 0 ’ n ’ : O ’ s ’ n i o m o i b o o t ’  i t /  n _ n _ ’ a c ’ o ’ S b o , o b o o -  l u  c m b i i c i , b o  o t l t o t o t o b o  hA1 b~ . ‘ l ’ b o o ’ r t ’  o ’ ” c t s t s  ci

i i t n m u o i o u  m ’ of  s , o o ’ I o  s o n m i n _ m I , o t - - r - ’ o  b o o  i t o ,  b ’ J - . 1, - l o t ’ ; . .\ b o r o o  s u n / / n / a m y  0 0 1  l i m o ’  ‘ t o t t

0 o . 0 ! ’ , 0 o ’ t o - m ’ o 1 ~ h 1e S  os s b o o o ’.c- mo i o n  I i u ’ cn ’ o ’  3 — 3 .  l o t  I b t i s  s t t o b n _ ’ n _ v t ’  s h u c o l l  e o o i i u — c o d o ’ m ’  o o m u l ’ ,’

on  ~, o hobo - s mitt uloo t o  cm ’ s  . I io u S m ouu u l  c o b  ‘0 ’S to / ho. - i - c -  . o l  i t o / h o  ‘ ml  ott ’ ’ 
‘ I b \1 I ‘~~

‘ , 1( 1 ~ , _ o u ’,

00 b o , I o o ’ o ’ l  S o 0 / / n _ n l c o t - o m ’  e o 0 0 0 s o s l i o / n  - - I  o n o  o ’ x i s h l m u u ’ p t _ oh s a’ l i1t _ m s t o t  n _ m o o t .  o r o n _ o n m i 0 0 0 ’ t ’ o o n _ ’ .

l ’ o o s s o l o b o ’  h 0 0 0 F o o - o i  c o r F , o v s  c o o - c  ~ I l -  o h -  l y p o  h o m ’ u o  o h  0 , / I L  m u u i s s i - o m o  o n u s , o r  I o F t ’

I> ‘ I n / i t o ~b n _ o ’ o oi ls

:o ,~~ . -; . 7 \ j t p b o o ’ . o o i o o t s . - - ro co t  0 0 0 v . 0 1 0 b c / u ’ o ’  o~~ b o I l  s c o o b o  s 0 1 0 m t m l c i t i o o o o  is  t b t , o t

i t  i l I n _ i ” i i o o  o h -s 0 c u - n 0 n ~~o t o - s o  o o h ) 0 o - ’ s o  n _ c m t h o  . o l b o m ’ t - , o i  b L t - p’~0 I S o ’ . ‘ I h u i s , t i c  into m ’-

, o u’l l oo m o ‘ - t  iou t o o - I d  n _ c l o t -  lou l o c oi ldi ni ci, . l o c a l  o - \ t o  mm c d l’U I ‘ s l o b - : o  o r o - .o l i c ~i o t m t o u ’ -

n_c’ , o t o ’ r p1 100 ’s , , o t o ° I  o r - n _ m o o d s , a i d  O i l - r i o / n  e 0 0 ,  n o - b o o’s o - o u m o  boo o ’ \ , o l u o o l o - o l  000 ~0 O m / - ’ l

no m h i S i i ( ’  b o o s h o m i o m ’ m .  c o o n ’  b o o ’  t o , b , o l  so t ,  05 o l l o o n u o m o u c o i o ’ u b . 0 ,  i ’ o o 0 0 0 1 o b o to j o l t . ‘ t ’ , O t o  I

h u r > - o h m o ’ O o v o  o m o - - o h o - 1  u ’ o m n o  boo v o - n o f i -  I . ‘ I i - ’  - o n t o  ~ b u - - o ’ t e - o i ’ i o i m m n _  u - h  t n _ oIl u’- o ’ o ob o -  s ioiit o l , o li io mi

0 0 0  n o i o o o m b c i l -o ’ u - m o r u i n _ o r  , o  l o o n . -  o t u o u m o ’ h t  . 0 0 - 0 1  w o l t o  0 0  1 0 1 , 0 1 0 1  u 0 0 0 1 - i n o m m  c n _ , o c o ’

t m - i o n  t o o  ,00 b o ’ u i o i . o l o  by t I n t - , - o h .  I i o m o n _ ’  b° o  i i  ‘s s n _ mo - l i  c i - ’- 1 00 0 c , 0 F , o n m t b b t l t o o i i o ’  b i o ~o 
~~~. 

‘ l b o . m t
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TIme . o  It 0 0 0 0 0 , n _ u ’ O ’  o of tb oo o ’ o o l  h o - v u - i  s i n in _ o l ci t ioi n i t-i I b u a t  the  f u m’ mn _ ’ t m o  o o o . o ,I

I’e s p o o m o s o ’  o i l  the s i t > - b o o  a t b u i ’ o - a t  J A i l’ o ’ c o o m  boo ’ i i o t ’ o o o — o i t ’ t ’ d i b i o ’ t ’ o ’ t l n _ ’ . N o o o o l m t o o ’ . o m ’ m h b u - s

t on i t h o u ’  sniall l°( )Is 0’ in o h i o ’  i t o t e r n a l  o ’u u p l i t o n  paths ‘ 0 0 ’  their l o - r r n i n / c o t i 0 0 0 m s  0 0101

l o t  o i i o ’ c o s i . o m ’ u - o b  - h i m ’ u - o ’ l l n _ ’ . .- \ l s o o . b o o ’ o ’ , o u o s o ’  t b > -  h i gi m i o n _ - u - I  pt_mis c -n _ o I l  n it - u- n/ no-

s ic~t t , t l , t b o o -  d~’nanitc t— , 0 0 0 n _ i , ’  o u f  t he  ! u - s I  i S  “ ot ’ou d -o b . J o - - c ’  l o - \ - c t  t o  sting is , o l S o -

u so ’Iul  hut t o  ‘ n _ - S  f l o u t  t ’ X (  0’ O ’ O S ( ’  o i n _ o n l i n e o n _ n _ ’ i t c u - s  n u o u r  f u i w t i o i o o c n _ l  i - t ’ s p u o o o s o -  - Frequent l y

inn _ i ’ Iev oi’l N - p o l i t i c o ’  p U l S i 0 m c ~ is u s u ’ , I  iou  ( ‘ i o O t l U O u c t i o o t l  - c - i t h  t b o m ’ u ’ o o t  hc ’ v o ’t  pu l s i om -_ .

b o n _ - c o i t o s t -  o f  b o o -  o c t50 ’  c i n o o l  ~~ o- d o f  o h o i t c i  c o c q u i s o t i o n  u s i t m n  01 t r o t ’  0 ’U !ti 1b0/1 ~ t ’epe t i t i c

pu lse .

3 . 2 . 4 . 3 Accuracy . In ci iui n_ i ,b u level (li t- u- C t i l l u n m i i t a t k i o ’m -‘, l n u u l , o t o - i ’  . lost,

rn n _ - c o s n _ m r o - o o o o - n t s  can be h o o ’ / ’ f o o i ’ m e d  n_ n _ ’ it iu the t o  o l b o o w o n g  co (’cur cn_ ev .

1 . (‘ to i’m - u - it t - I . 5 dR 17 l) ( ’r ( ’en t

2.  \ o o l t o i n o ’  - 1. b ’ o n_ ITO ~~
- 21) pe ro’o ’nt

3 .  l- ’ l o - o ’ l i ’ o o t m o o o n _ i o i o ’ t i e  b j o ’ l d ~ : . 3  (1 13 - 3 b , u ’ r m ’ o ’ n t

n o t o o ’ o -  t boo ’ o - I n _ c  t o ’ - o flI0 n _ o’ l o u -  lo t ’  l i t - I d  n_’ n n~ p u u o m t °n t s  I I- ann _ n _ I 11) , oi’ o-  n / O u t  l u / o n _ l o b

o - n _  o - o ’ v c c ’ h e r o ’  , f ie ld  o m o o e c o ’ t c o i n i l i o - s can o “ c o o - u - o h  t luo ,’ f i e l d  n1o ’’ c o~~m m 1 ’ e n u t ’ I o I  o o’roir . It

is u’i-O tJlfl oOl(’J Ib oc i b u o u e t ’r t amo ut mn _ -o— - cii ’  u ’  o o f th e oor dc ’ r of 20 p o ’ o ’ o - o  t o t ,  T i u n _ o s , t t oo t u ’ . o o o ’— ° t n _ ’ i ’

funur ti on o F t - - O s  c o m ’ o ’ :  l o o m ’  o -u r u ’n_ ’o u t , - 28 b o o ’ o ’ n _ ’ c n t , and fo on ’ v u l L o u : o ’  - - 23 pct ’ o ’ o - n u t .

Thus , t h o u  - a c t  - i - c o n  - I s io ~n m m  cm ( ‘ 0 o m i f i d o ’  net m ou k n ’ n_ , o l  b o o m ’  n _ la tc i  l c > _ ku ’ ou  iou coot I ’M P

siniul oo h o co ’ h o - s t  is 2 n _ I b ~ ,

3.2.5 C\~~Radicu t i tmo- ‘l u-st

3.2.5. 1 I). ~ 0 n ’ m b 0 t o o n . ‘ l ’ h u -  m’ c o , o h i c o t ed ( ‘ \ \  t o  -‘- hum _ i ,  ms  _ t n ’ o - l o o t i n _ o ’ l n _  ( I n _ m o o -k , o o m ob

_,_,_, , __ p economical  c c m ’ , 0 -  o b o t ernm i nto’ c ou p lotm o o o f r , o o b m c o t o  1 f o o  l o I n -  b o o  s i l o -  e u t t o b t o t ’ b o o t ’ S .

F i tbo e r a s p o u t  b r o ’ u ~ ’ t o  0 0 0 ’ ’,’ t o  - t i t t u ’ ‘or scc’ ept  I m o - u n _ m o - m o o - v  ( ‘\\ t o - s t o i c ’  can  l o t -  m o s t - n _ I .

A tv p i cc t l  sn _ c o - ~ o t ( ‘~s~ l o s t  - - o ’ t u p  is o -cboo  o ’~n _ 0 i  i n  l u _ i n _ i n ’> 3 — - i .  b bo-i’oon _ mst’ thou’ Io .tttd cc ’idtbu

(if o o t t o m u ’ , —  0 i t t  I - ~sl I ’ t u s h  t i c - , 0~ St  - n o o b o —  f i ’’ o m o i  ( I , I t o  - IOU \l fb i  , o h m  t I u ’i ’ o ’ o m t  o o o m l  ‘otr mct

S i l o  - - ( o ~ , i m i ~~u n t - i  i - - ,vk l o c u s t  l o u -  u s u - o h  00 .0 Sn _ v o l ’ 0 ( V 0  t o - s t .
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3 . 2 . 5 .2  ,\ b h 4 m i , 0 1 m 0 0 0 0 s . ‘I ’ Ioo  , , d n _ , m t o t c o ’ ’ o  - . o f  s.c u - p t  ( V 0  o n - n . o t  t b oo c t t t t p i o t - o o l o

b °° 1’ l i i  000 ° ‘ O  n i t ,  0 0 /  o n - b  u 0’ 1 1 000 0 ’ boo ‘no o - c o i o  h o  - m u ,  os t o t o - o h  c l o t  0 0 Oh n_ . o ’ o o l  ‘.000 m b  dn _  c’. o t t

o i t i m - - o ’ ci s b o u . e n i ’ 0 0 0 m t  , o . o c o b v , u ’ m ’  o / / ’  c i 0 0  I n _ c o - m i - c , o ’ i . o l c ’ici’  - \\ Plo s-~~~o ’ i d  lb t O - ’ l o , o I

. o m ’ o , th , - h /l i on - u - , o  0 0  0 5’ I - n o  t O o  ‘ : 0  n _ c o t  Ii . m o t t  °,c o oo ’ k ./  0 / O I l y , ’ . - t ’  , ‘l i t  i s  t o  - 1 / 0 / 0 / b o o

is t o o ’  h i ’  t o o k  ‘n’- o h  O o o  0 0 0 0  , o ’ -- 0 0 0 ’ o b _ m o m _ b o o  n- 1 o t o  b o t i m o o c  000 1 , o n _ m 0 0 1 b o o m i . t o n I  t o -  iOu , /n - OtFo -

( t o o ’  0 - I !v l b ,  b m i o o - o o m ’  b o o - b m o t v o o o i ’  o f  l b  ‘DI n- , R - c . o c o s o ’  cl o t s  b o o - c s m n_,o - o h  ! o - v o ’ I s ,

0 h i m s t o  d o o m m~ n _ mo o - , o o o  m o  , ‘—.o I n_ c o I b m ‘ I t t I t -  0 0 0 ’  0 / 0 0  j n m t -/ ’ t 0 n ’ u t - u n_c’ o tIm -‘S i  n o  - o o p o 0 , 0  t 0 0 0 0 s

:0 . 2 . 5. 3 ,-\o  o -° ~~t ’  0 ° - v .  I0 . o o l o o o t i o o o n  I ) . 0 1 0 u - o ’ o o s  o f  O t t o  0 0 0  o b o o b O -  o n ~ I u ’ o i t i  n_ s c o o - c  ‘0 v o - l l  k m i o o c v o o .
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Table 4 — 4  summ arizes  t he peak electric field ampli tude and

the ancj e ~ ~is a f u n c t i o n  of depth for two cases. It is noted tha t  there  is

approximate ly  35 dB at tenuat ion in ampli tu d e between 1 and 20 meter depths .

The peak ampl itu le does not attenuate un i forn i ly  as a funct ion )f depth . This

is because the fields nearer the surface contain higher frequencies which  are

attenuated more than the low frequencies .

This is evident  in the fact  tha t  the waveshape changes wi th

depth as shown in Figure 4.4 6 which  shows the total  electric field for

Case 1 . The rise tim e at 20 meters is greater than 800 ns , and the rise

t ime at 1 meter is about 20 ns

It is noted that  the v a r i a t i o n  wi th  depth is quite comparable to

the resul ts  civen in Chapter 11 of reference 12.

Table 4-4
Summary of Peak Electr ic  Fields as a Function

Of Depth and Angle a for HA Cases 1 and 2

Depth Case I (a a 117 ) Case 2 (a 130 )

1 7500 7000
5 1460 1380

10 510 482
15 238 226
20 129 123
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FIgure 4- 16. Electric Field as a Function of Depth for HA Case 1. Note
Different  Amp litude Scales for Depths of 15 and 20 Meters
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Currents on a buried cable were also calculated for the I-IA

environment Case I and Case 2. The methodology used is that of reference 7.

The cable is positioned such that it is excited by the horizontal ly polarized

component of the underground field , and this lies in the z direction . The water

content is again 10

Figure 4- 17 shows the results for Case 1. Curves are presented for

the shor t c i rcui t  current  Ofl the end of the cable for a 50m and lOOm lengt h cable ,
at depths of 1 and 5 meters . The results for Case 2 can be obtained from

Figure 4-17 by multiplying the amp litude by .68.

The curves show that there is very little differenc e between a

lOOm and 50m cable . This is because the cable propagation constant is so

lossy that signals reflected from one end of the cable are sufficiently attenuated

by the tim e they reach the other end that they are masked by the locally generated

signals at that end .

900 I

50m cable , 1 m dee p
4

lOO m cable , I n  deep

: j ~~~~
TlME (~.isic)

Figure 4-17 . HA Excited Short Circuit Buried
Cable Currents for Case 1
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(‘a l cu la t i on s \VeI’e ~t l S ( )  done i i f  i - u r r i n t s  and ~‘nltacj s i nduced

on ~t cal) l ( 10 me te r s  l iuvc th e  e a r t h .  The cable  is n i t ide l ed  a~-~ a wi re uv er

a I fi r f e c t  ~r und pla ne exc ep t t ha t  the  e x c i t i n g  f ie lds  are ub t a ined  by the  h A

f i e l d s  inc id ent  up on an earth havi nc, i 0 r  w a t (  1’ ( o n t e n t  . S i n k  pIe 1 1 M  t r ans —

missi i  in l ine  the i’v is used to obtain the so lu t ion .

The t r an ~ in issiun I inc is ex ci ted by the  ti’ ( i space ele( ’ t r i  (

f i e l d s  and the f ields r ef lec  ted fr i  m th e ca r t  Ii delayed in t i m e  . The ci cc tn c

f ie lds  used are the hor iz onta l  e lect r i c  field a1un i.~ the W i re  1( n ~ th and the

ver t ica l  e lec t r i c  f i e lds  in the ends. The tr ansmisSion  1 inc is loaded at each

end w i t h  a 10 meter  lencili  of w i r e  hav in i~ an inductance  f 13 . 2 I ’ l l .

Tin cable is in the z d i r ec t i on  )f F i cur e  4 — 1 4  . w i t h  the  r i~ ht end

r e fer r i n~& ) j  the end po in t ing  in t h e  ne)~at ive  1. cl irec f i n n .  The resul ts ir  the

cur ren t  for both HA cases are show n in F’ic~ure 4 — 1 8 .

4.  h . 3 R e s u l t s  fu r  TFM j )5
__l x i i t a t ion

The e le c t roma gne t i c  f ie ld s  produced 1w a TEM PS anteim a ar e

muc h more  compi icated than  the  h A  1) 1 aiie ~~~~~~~ . H r l F M  PS , the af lh I ) l i tu d e

antd e 1 i nc idence , and the  wave  p l ; i i ’ iv ~t t i n n  ~~~~ ~ ~~~~~~~ if  p os i t ion , w h e r e a s

they a re  not t i i i ’  HA -

l i l U r i  4 — I l ’  shi \v s an obl iqu e v i ew  of TEM PS . The coordinate  sy s tem

is th e s am e as t h a t  used in H c u r (  4 — 1 1 . The ‘ I l ~M PS a n t e n n a  is on the / axis - .

at v = x 0.  It is 20 m e t e r s  above au  e a r t h  w i t h  10 ’ wa te r  content  . The electr ic

fields in  t h e  ~ri und are ca lcula te d  at n i n e  locat ions shown in i n c  q u a d r a n t  of the

view of the f i i ~ure  . if one draws a v s i r  f r i  m i  t he  or i do it (0 . 0 . () to an ither  point

(x y , z) where th e f ie l d s are t i he de f ined , i t  is u seful  t o  c l ef i  ne the  and es ~ and o

according t i th e fol l ow i ii~

( 1 ) 5  — - - -
~~

-- - - - - - ( 7 )
~~~~~

‘. + V~ 
-~ 

-/

( 1 ) 5 ~~ —

f -,)- ~~~~~1) 
-

. x ’ v ’ (8~

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

.- -,—
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The fields are found from the formulas of .Jordon ( re f .  5) for

fields near a dipole and are expanded in a power series to obtain the fields

before reflection from the ends take P la ce.  This is equivalent to making the

antenna infinite ly long . or else having a long antenna with  perfectly matched

terminations on eac h end .

The resultant total electric and magnetic fields are

V
F =—  ° (9~

+ y 2

and —E
Fl ç~ = ( 10 )

0

where V is the pu lser voltage and is a constant , and are chosen to normalize
the inc ident electric field to 50 kV rn at the earth at the coordinate v - 50 ni .
The field and its spectral content are shown in Figure 4-20 and 4-21 . respectivel y .

The unit vector U pe r pe ndicular to the plane of incidence is given
I A I A

U = 
____________________ 

[u (sin 3 cos o
~ 1 . 2 2i/ Sin ~ cos 0 -~ cos

A 1
- U (cos t3 ) j  ( 1 1 )y j

Then the incident horizontally pola rized and vertically polarized incident  fields
are i~iv en  by 

-- 
E cos e A

E HI ) = 

(sin 2 
~ + ~)772 

U p ( 12)

~ VP 
-F 1 Sj ~~~0 CO S /~ ( 13INC~~~~~
”
~T . 2 2 2 1/2 p

0 ( s in  ~) cos 0 4 (‘OS J ?

An approximation is mad e that the plane wave reflection coefficients

for the earth can be used . The fields below the ground are then calculated in
an analogous manner as for HA.  The plane wave frans mission coefficients

are used to obtain the fields at the surface for both polarizations . They are

attenuate d exponentially according to the depth and both polarizations are then added

4-28
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Figure 4-20. TEMPS Incident Electric Field at (-20, 50, 0)
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Figure 4-21 . Spectral Content of TEMPS Field
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\ e ( -t o r i a l l v  I i i  ~4 i V e  ~ ) i i t a l  e l e c t r i c  field m a gn i t u d e  i n the m a r t l i  t i i ~l a n a n g l e
( 1 - i g u re 4 — 1 5 )  w i t h  i’& spe(’ t t o the v axiS.  Be( ’aUse the v e r t i ( ’ a l l V  an ’)

hi i’i/ omi t a l lv  polor ii cii rm i l ec  ion c o e f f i c i e n t s  are d i f f e r e n t  lunc h ins of

f requenc y  . the wa ve sh a p e s  in the  groun d  for the components ar m g e n t - r a l l y

d i f f e r e n t  . However , because i f h i gh  ear th conduc t i v i t y  , the waveshap es

are very n e a r ly  the same . The angle c is taken to be the arc tangent  f the

r a t i o  of the / ( ‘ ni po ne nt to the v component  at the t ime in whic 11 the total

electric field peaks

F l c u I - e  4 — 2 2  is a p lan  v iew of the q u a dr a n t  of th e  TEM PS for

which  f ields are c a l c u l a t e d  , and) i t  shows the peak value and the aiigl e of

the e lectr ic  fiel d s below the ground as a funct ion  of depth and ho r i zon ta l

po sition . Again , the total  at tenuation f rom im t i 2On i is about 37 dB . The

variat ion of the fi eld ampli tudes for the test area considered is in the order of

29 d f l .

The ~yaveshape var ia t ion  as a funct ion  of depth at (50 . 0) is shown

in Figure 4 — 2 ~~. Note  the  d i f f e r en t  ampli tude scales for the three lowest  dep ths .

The r ise t i m e  changes c imns id erah lv  as a func t ion  of depth . For tunate ly  , the

waveshape  does not appear to change s ign i f ican t ly  as a func t ion  of hor i i  ontal

position and the curves of F i g u r e  4 — 2 3  apply to the other horizontal  posit i ons

as wel l  if the  ampl i tu d es  are  scaled according to F ’igure 4 _ 2 2

Ca lcu la t ions  of currents  on a buried ( ‘able were also done for
11- M PS e x c i t a t i o n .  The methodo logy is the same as that used for HA

except  tha t  now the d e c  tn c f ield m x c i  tat ion va r i eS  spatiall y along the 1 inc

p in 1)0t h ampl i tud e and I) 1105(’

The cable is buried in the e a r t h  and parallel to the z axis . Because

the results  f i r  h A  showed essential ly no (l i ffen ( ’n ce between 50m and lOOm

cables , and the fact  t h a t  the TEM PS and HA f ie lds  are similar  in shape under —

ground , resul ts  w i l l  be pr esente d onl y for a 50 me ter  cab l e . It is buried in the

earth and is located at y 50 , and runs between z 0 and z ~0 .
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The spatial  va r i ot  i~ n of hor izon ta l  e le c t r i c  field peak amp i  ituck ’ is

,i l ,si I sill iwn III F Igi I cc 1—26 .  It is noted tha t  the f ielc h s v’a cv hon z ~u i i l l  v i ibr i u t

50 I Vi r the region Sill iwn -

The waveshapes al si i va ry  s l ight ly  with horizontal  posit  ion , but 1101

sigl ’i l t i ( ’ , t i i t lV  - The var i at i on with depth is shown in Figure 4 — 2 7 .  A g a i n , the

ri sc ’time gi’ea.t lv increase s .i t the Ii ivv ’e r dep ths.

Becau se it does not appear practical  to excite cables wi th  i t , -~lE GE

,I I’ l’av . 01) cable calculations were per f( ir medl ,
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4 .  f 5 Direct Comparison of I lz\ , TE MPS . and SIEGE Resul ts
The i i i i 1 m ,’t , ’t iv e of t h i s  sect ion is to provide a convenient one —to —one

c o i u u l ) a r i s i )n  of the unch ei -ground f ie ld  and cable current  results for HA . TEMPS.

~uid SI 1- GE cxc- ita n 
~on~ -

The comparison of the underground electric fields is summarized
by nw.uis of Figures 4-28 and 4—29 .

Figure 4-28 is a summary of the peak anIp litudles of the undergr ound
e lec t r i c  f ie l d s for the three excitat ions ,  The view shown is a top view of a

TEMPS and SIEGE superimposed on top of each other. It is assumed that the
facility to be tested vvould be located directly under the center of the TEMPS
or in the center of the SIEGE. The SIEGE is assumed to be long enough in
the v axis direct ion so that the 2D f ini te—difference analysis would apply. The
HA fields , of course , do not var with position but are included for convenient
r efe rence -

The figu re shows that the TEMPS variation is much greate r than
SIEGE for tile same test area. Over thi s test area , for example , tile TE MPS
fiel d at 5 meters down varies 23 dB . while the SIEGE varies . 5 dB .

The figure shows that the SIEGE fields at the center are not attenuated
with dep th as much as the other f ield s,  TEMPS and HA are attenuated approxi-
mately 35 cIB between dep ths of one and 20 meters , while the SIEGE fields are

attenuated only about 29 dB.

One may question whether the difference in attenuation is caused by
the different formulation of constitu t ive parameters and or if it is cau sed by
the difference between simulations , In order to check this . a computation
was made of the HA underground fields using the same constit utive parameters
as used in the SIEGE analysis. The attenuation be t ween 1 meter and 20 meters
was 31 dB . Inspection of Figu re 4-2 6  reveals that the attenuation for the
SIEGE fields varies between 31 and 26 dB , depending upo n horizon lal position .
It thus appears that the different for mulation of the constitu t ive parame ters is
on the order of 4 dB , but the variation within the SIEGE simulator itself is on
the order of 5 dB.
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c - _ i i m . i o -  I c - u i — i - en )  or I ’ I ’ \1 PS - x i ’ i t , u t i o lI is mi i ’ I -  ( l i t )  c u l t , I t  t I n t  -

t i e r is  I i n c , i t t i l  m i t  ‘ t h u - i - i , t l i i n n ~ the v , u x i s  (F t ~ii re 4 — I l l - . I t o  v u - i - I c !  t a - i d  i s

in c i t i e n t  olt t h e  t s ”. i - i - , I’ c-~l I l m n , i l e s  will Ia’ n i , t i l c ’  ho ’ I In - curren t - ‘ t h u - n i  l i t  - I I - i-

t s  i u c , i t e c l  , i t  v .‘ 5( 1 a u - t e l ’ S  (l- ’ i c:ui’ t- - 1 — 1 9 ~ ,

The v e r t i c a l  e l e c t r i c  11-1 ( 1 V i t t c i d n m i t  on l i t - t s i - : t - r  is - i v - t i  liv
N

I: i - c i ’s si m m o  ( 1- l i
N
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V i -  t i n t ’  )O’( c - c ( ’ I l t  Ei’ ii IltCtl’\’ , I ) n 1- incident v e r t i c a l  e l ec t r i c  h eld on li

t o w e r  is alt ~) )  fu n c i i ’n n  In ’ 2 1) nt e l e i ’ s  ea c- in s ( I t -  i t  thc’ plaia ’ x 0 , ‘I ’ln us , .m
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I - I I  \1PS h a s  ci rather severe (23 dB )  h u i ’ i Z i l i l h , I l  v a r i a t i o n
i t  I i t ’ I c i s  , i ’,’CJ ’  0 100111 x I OO ni qi_ i o d rci m n t tc ’st t- f lu m e . I-Sit’

a I )u i lc linct l’equ ir i t l n n  a quadrant  ( i f  only 50111 , l i n t ’  v~i i-mat a t i

is  18 dB , Thus , it appears th at  i ll c’ ’ois i( lCi’ illL!~ a ‘I’l~ tIPS
s imu l . u t i o n , omie mieeds t i n  c i e t e r m t t n t -  if t h i s  n o n u n i t i u r i u i t v  is
tt’ ( ‘C P~~~ 1 ~ ‘ -

2 ,  ‘i ’i- \ IPS i’isetimes and wave sb iapt ’s of t in derc~roum ici f t c Iti ~
cu imp cu’es  I av iu i ’ ab l v  with those of the HA ( F u t u r e  4— 2 1)
m d  the ampl it-ude fo il  ‘ i f  w i t h  dc’p t li is very neo clv I he

same (within  1 — 2  c113 I .

3. ,‘\m to th er ch i f t c re n ce  bet t’,- e t ’ mn ‘I’h \1 PS and LEA I - )  I b a t  I th e
i ’c-lative a r r i va l  I inn es iuf  the si En d! s on an un d er nt io u i i c l
Its t i ib~t’ct i~s not the s u , iri r- - The ( I i f f E ’re t ’ ICC becn i I l lC5  l e ss
severc ’ with imlc -r eaS i 1la~ d e p th because iu f thu very I’ t i nt r ise  —
times

4.  The spatial vcii’ia ti om i II tile Tl-~M PS f i~ ld~ is n i t  as Sl. \ t i e

I lt -ss than (3 c iB ) aI u mlct t ine  i. axis  .ts it is ,tlomlct t iti \- , l x n s
(27  cliP , as ind icate d in F- ’i cut’e  4 — 2f ~ , This c n f u h i ’ t i a i h  h u i t

m :tv he usc’cI to ,tclvant t-ntc’ if the I t - s i  uh ~t ’et  Is i ’e ( ’ t , t i I ’U l.lI’ .

5. A sIi-~Gi- ’. i i ’  i .av requi res  a l ar n t e r  pulser than ci ( S  the
TEMP S (by a factor if 25 ’) t o i ib l a  in s i m i l a r  f i t - I d  i t v i  is ,

but the STE GI-~ a ccclv has much bet t er  hi rizu uml t il Un ilorin ity

i ~f t i e lc ls  t lncui  ( i s i t ’S the TE ~ PS -

n. The sil - : t;i - : uni leint ’i’ und fields iltenu al t diffe i ’eu nt lv t’,- i t i n
iit pt in as ci l~nction u t  iii urizomi ta l P)SttIotl , hut uni v by 5 (lit .

This iS pt’u i ix tb ly  t cccp ta l ) lc  tot’ a ntI v u’ t i tt ’st -

7 .  Tln ~- Shi -~GI ’; f ields ’ r i s e times  are  s i m i l a r  I i ,  t h t u s c  if H A .

8. l?e t I c ’ c t i i ,t~n s f rom t ine  (‘11(115 of the Si i - hi. cit -ra y 01_i ))i usc .i

prol )iel) 1 , and nnoi - e uevc ’Iop meti t al  w’ ui ’k \VUUI(l llCC (l Iii  he

il inc to u l e t e r n n  in c how st’veI’e t ine  pr i l u l e i i n  iS  .111(1 th u h u t - c-c t

way  t i i  (‘i ir r ec t  it i t  n c ( ’l kd  -

With  c i- spec’t to rt ’spi  ) i icS ( ’  of unclen’ntri)und cai)l(’s , scvt i’ll citn (’lusiu nis

I n i c l V  ix’ made :

‘I I- : ‘ii I 1S — i m l ( I i l ( ’ e ( i  Ci.I r rent S t i-c small ci- than t i n ’  I l ,\ iin c iuce cl
c-un -t ots t i e  t ine  sant e lwak :11111)1 itude field incident :tii)n3 the
h u t ’  This is because of tin’ ~i~~1 ial va r i a t ion i t  annp l it ’u d e ,mn c l
P in:uS ( ’ i i i  I lie ‘I ’V \1 I~S no v i in uiinicmi t -
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2 . Tint ’ r i sc l  in nei - s u I  iL\ and ThM PS—uun duc t - dl c’urretnts , t i ’ t ’

yet’ neat- lv l in t  saline .

3. E Sur the SI i i  pa t’arnetc’ i-s c -ons ide n ed . ta cv l i t t l e  d i t t  e rc mnc ’e
i t i  -ahle I e S p u  u m n s t ’  occurred for len d Ils iu- c i t e  1’ tlnam i 50
mc ’tt ’ m’ s . This is c aused liv t i n e  l i i ’ c~e losst’ propa.c, at ion
cotlstctnt of tint ’ buried cable .

\‘- ith rcnt,u’cl to tilt ’ cc- spi l:’tsC of ove rhecid cable - t hu - followimii~ ci ) t icl u —

S b u S  c iii  be mache

1 - Plic sc ( I iffet’ einct- 15 (‘Ni 51 hetv,’cei’i ‘Fl - , \I PS ,t nd I1,-\ im n duced c ’~t hle
i’ I ’ s p u  )t lse la -c~tusc’ ot

’ the  nonuni form exci ta t ion caused li t - ‘FEMP S -

2. ‘I’hc’ ampl itucics of the cc si~t~nst ’  are with in 50 ’ - ‘ i t  e a’li s i t  hen-
ti u (  tint’ ccm se c-onsid e t-ed -

3, ‘The r u  set i n n c -  s i it th e  response are vi - cv n e ar ly  t ine  sonic -

‘1 - II’ n - waveshape s cl iffe i’ in detail  but hoyt - cm ( l Cf i n  i t t’ sini i l a r i t y
(F i i ~iii ’c- - 1 — 2 1 ) ) ,

T h -  ca lcula t ion of t h e towe r cu r rc ’nt s ,‘ntus ,t  c rude est i n i , t t t ’  based in n

haiidhook i t i f i u i ’n i c t t  ion . Von tine towei’ Ci u n s i c i e r e ci . th e I-L-\ r espom ise wct~ about

t a - ice  tha t  caused by i i- \I PS . D i f fer enc es  in c i r r i v , i l  t inne s  ‘if t h u  - f i e ld s  incident

on I hit ’ I l a d ’  would a f fec t  the tvcivest iape - and a more exact ci)mputai I’m tv uul cl lx

t’equ i i-cc! t u  deternn inc the Si~ nificaIlce u uf lb  i s,

In ‘. eune i - a l  , i t  .mppea i’s t hat both Sii’~ GE cind Ti-~ ~tI I’S c i t - r a y s  can Ix ’ used

to s i i m n t i l c t t e  I L-\ cxc- dat i i  un with in c ’t ’ r t , t i mi  I i t i i i t s  ci s discussed ,tl i u ’,-e - ‘Fine nnain

I i n n i t a t  iOflS d i i ’  ( ‘ d U S ( ’ l I  l)V mni inu im if orm simulator I u ’I ds , d nd! tine i -e l at ive ph~i s i u i n t

u t  l ) n -  I m i d l u t - e d  l ’e sp otnc cd’s .  The exact  e r ror  in a ~iveui s i t n i u l c m t i i u m i  wu uuid  depend

UI)’ i l l  the type s anti i m p u ) 1 - t a m l l t  - of PO Es a i m  ich (‘X P-c l , uI  t i ne  s i t e  - The innport;ince

i i i  s t m u t ’ t ’ ~ ’ i s t  u ”  u - t t n n ’ t s  would have to he t aken in to  account be c ause of the r e la t iv e

I ) h c ts l t i - ni ’~ b1c ’tn n ot  tlm (’ t’cinii)US l’t’s l)uumi s (’s, I t  should also In ’ noted that the Sii-:G1- :

c t l - I ’ c t v  Ic s  a i suu l id ( ’ d  w c t v t ’  s i t i n u l . m t  u i  and t h e u ’ t ’ t  urn cannot be u t-nt -fl Iii exci t e  the

( ‘Xtc ’nlLt l  pe t i t ’ I  I ’ , i t u i i ’~~~, I I ~~~t - \ t ’ i ) U l ( I  b i t e t o  he ( ‘ X ( ’ u t ( ’ i i  sn p , l r . l t ( ’ lv  by 1 direct

d F i v e  I ( ‘ ( - i m n a I u ( ’  -
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Sl -: (’ l i()\ S

I ’ l - : ( ’ I I N i Q I ’ i - :  i-~\ , \ I l \ l i ( ) ~

I - i P 1 ) 1  I I  ( I i )  )~~

In t h i s  5 , - i - h i s ml, - ‘c shall v , c l u , c l e h a  V Ll ’iii tt S i t clI n t id 1ues u n i t  havu-

I i  ~ i I i  c t t S b ut’  cpp l i c . c t i on  in ,c hy p o t h e t i c a l . .uiaivt ic ’ ,cl , ami d e x t  n l n h l t n i fi 

,,
~~~~~_ i t  i i i  iii , m - t u il Slit- i - ep r e c -_ t c t t t l t i \ ’ t ’  i i i  ‘‘ c c ii u i  t i l t  I l i u m ’ c - l c i s i - n u - s  ut  ‘-~u L 5,

1 ‘r each o c t c m c u l  s i t u - , ci L~roUp s ‘b r s ipi st il t el ’htl a tue s a - i l l  it  1 X l  i l l  i n c - i )  a n d

t -v.tl u .m ’’ i - - nf l  I ’ , n  l I t - t m - s  [ ( ‘ 1  ‘ s I n )  t ic lii h i n t ’  c’~’c t l u c t t  m u  (‘I’ i t t ’  l i d  c ’ 111 , 1  in n - c i in Sect ii in

. 3 c u d  timi d ly h ’ u l ’  i - , m c l t  S i t u  - t i l t -  v,ui ’ uiuus tt -c- iu ii ques ‘- ‘ i l l  l i i  r amik ed . u c c i l r d l m n n t

j u t  in I in d i n c :  s of t b -  u v , I I u , t t  lo mi  l)) ’ u i u ’ ( ’ s s

5 , 1 S i l l  I

530- 1 us c ’ il ,ut’ ,lc’ t u - u i y t ’ d i  as cc Ian ’ nt e c u t mum p lex sit e a-din m a m n v  hu i d u t i n t . s~

-1 1 1 1 1 1  bu r n - i ) , S ’ u f l l u -  s)i i e h i h  ( I , s, lin e bot h , Sofli t m ic II c i i  - l i l t  S l i I iS  i l i t  I i ’ -

c - ‘a i l t  ( ‘ t t  5 1  a i Im i n c t m n \  l i n t r n - i )  sh ie lde d  c a h i u ’ s  - i i a  m i  ti n buil t) Ii. ,t r t - di Si t i t  d

‘.‘ ; i h h  i c , i  l~ pl’ s u l e c t  i omn i u n c u u rpu u’ t e d . The hui l c imtnnc - c unclude t -i t ’c ’ tr on i c tnt tt t- t i t ’

S l n u l - h l l u i n t ,  I M I’ vau l t s ,  sini t - l nl u-i ) cl oiurs , h i i ’ n i e t i t - l )  p u - t i  t i ’ . i t i s u t i c - . . i - t i . l u n  :t ’ m u ’r , i l ,

tint -r e u I  m n ,cm iv n t n t u’m i mm, ts i i i  -c u  v t - m ’ ,u l  l vp I  s it n c - lu dh i u n c :  i l l ” , \J I - - ui n u i - n u i \ u , . m v t  . u m n d

H F s ,mO - Ii i l l cipl inks and ‘ I ’  ‘ ‘‘oil i nks ,  b Ill 511 1’ is lcU’Yt’ in u ’ Xtetl — , in t t l, UI) h i  I
k u  i n  U t -  s s 1U a  I I  , ‘I ’h t ’ ~t - i n e l - i c  i i i  u d t l s i t  t i n i - c  c lass s i t  s i l t -  is shiiwu n i t i  V n mi’e

2— i . \n a c t u a l  - - cult’ i i  i t  I - - l  M t  ii iv i s i t  t h i s  c la ss  is sin ’ u ’.dt n i i i  p i , I i m  v u  -a  i t t  I” i : u ri -

2— 5 , I ‘ u  t in t ’  pu l~ i i - ’ - s ‘ I )  thu t - v , t i u i t  ‘ti , the  uli c ti m i bu i ’iu ‘ I  bu i l c h u n n t  is t h u  - i ne

Iii u u i i ~ sul 1 i i s i  i s  i ,u l i t p ut) le t ~t )  i - ~ \I P .m si Ss ti lu- t tt , l b s  - i l l  - u ’ l i t i  ilchnc~s, -i ll n i ’ i’

)~ i m ’ i u - t l  ‘ i t  on n i ’ I  nu  i ’ I.n i - I ( dli  l it - t i  umns i d t - u - i -i ) tnt - tn n h et - s s i b I t t  ‘ it Ili t s i h i ~~~’~ l i i l i ’ &

( ‘ 1.1151 1 - i i  m s  m in t u u h  l I t  c u u u p h i t i  ‘ s u u u l ’ce l i i ’  t i n e  m c t i t n  h u i l d i t i n ’ P ( II s . ‘ftc key

t e , m i u i - t - s  i i t  I l l -  n i c t i m i  b u i l d i m i t t  - i  i i -  i t  I I l i i i  i i u - i ) , u - l u - u I ri u u nn , i - t i u ’t ms - d i v  c ; ln i c l d i u ) . i n .m s

l i t  I ’ l l  I t  il P’ t l ~ t c i t  m i i i  -~ - m l  I Pt ‘ i i i  - t  ‘ i t  a n i -  - u - n I t  - u’ d s u i t - b  - i - ‘ti P v ,w l t  t , Pt ‘11t h i’ l l i ’  i ll

- i i i  l i i - ~~t i  -d “i I l l  I i I I t  i i i ’  - i l  ntu l’ : ’ i ’  i i  t t ’ ’ t l ’ u  i ’ - - , i inci  t i l t  t - i S  - I h i  ~t l  I l l  - rat i s  I iS  I I I  -

t ’hi S I  - I t t ’  i l l  n i t  ,
~, . ti ’ ( ’ ill - ‘ t i l t ’ r oE Ii , ib bin’ it -fl t a d  f l u ,  l v i  - 41 ’ tu mid . I ’ lu- t  mel  ca i

u ’ . t - I - cot i i l i t l_ i i n  i i ’  u l u  u f l , . u m i t i  , i i i t u ’ t t i i . t  u ’aj i I t ’~ -

~~ L~ W..Nc.T L” i i~~
’ t~ ~~



‘ l ’ h i t -  i i  ‘i I I  & I  i n n  i i  l i ’S 151 ) 1  1 I I  I I  i i ’ .( b i j  l i i  u t  a ‘ i i  i u t Si t ,  1 au in II -

- i i ’ h u n r ) I i I  I :  ,- \ m i c m l y s i S , s c c m i t ’  :11’ i u ’ l j u m -  , s n i h’~v s m u  a
l u !  c i ’  I n b i x  5 l u ’  St i mnt ~ —

2. lu - i - i utii u l uu ’ 2: -\:c , uiv- ~is , ( ‘\ ~ u ’ c i d i - i t u i ’ u c , t~~)i slit ”

‘ I t  VI’ P’.

:t . ‘l’i - . - i na iu u’ 3 . \ i n a l y s i s , i i i : h  I t  i t - i  pu1~~i u’ ,u ’) i , m i l ’ l u l ,

P0 1’ ’ i l l  t I  - i  I d c i i  I

4. Iu- ~- i s t n ; u i  ‘ 1: ,- \ i n n t i y s i s , P0~ t h i - 1 ’i ’ t d c i i i -  I f l

5 . ‘ l u - i i t u i u s i n i u  5: , \ t n c m Iv ~~is . ( ‘\\ i’ . u i t l c u t i  i l l , ~~t l i i 5 V 5 t i  ll ~

Ii c i i ’  k ) I ,  ‘\ I I t s I  u um ’ ~
I t  I ‘ - h m n i n i  ut u , - \ t n n i l v s i s  - i n - bn  lu-Vu ‘I ) i t l l  SI - cccl i c m l m

5 , 1 . 1  Si tu I - ‘ I i  u h n c t s t i i n  1

ii - 1 I ;  is ) t a r c t ’ d l ’ -tp il - ‘,V i  - n v i l  1 pm’ u m i d  I i  I I - v c u l u a t e I I n ’. i i u p i t i - h it h i t ~ c u r  Id

l i i  ‘ t ’  t i t - l u - 1 5 S  ‘f ‘I t  u l r t i  l i t  ut 1 i i i  t i  in vp i  it hue ’ !  t I ’  ml , i”  ~u ‘SSiil ( Ill ‘ c u r t  n i , m i  S jtu 1 -

5 . 1 ,1 , 1 Ai t a i t . i n y s t  N a t o

5 . 1 . 1 . I . 1 An al V 5115 - 1 1 1 1  i i ~ - t  h i  st I l l ’V i t  I i i  I t - S t  Fl ii i  II s i l t - -  ‘ ‘ 1 ’  t t I i 01 ,11 ’ i l l  1 1 1 1 1 1

u I  , - c t - ri ni t s in c h v ii i t ,c’i-S i ’ u u c u p led t i  h i Lli ’ tu’i ) I ~ Ii - u ’ c u )i l i -
~~~ is mi - c tu t u - h i s  i it

II ‘ I i’ i ,  ‘ ‘ d i i ” ) I ’  ‘ cm i l  t i n  ( ‘ . ‘F l i t ’  tn c i t  i i i  ‘, ~t i t  in w in n I t  I I - l u  s t  r ut’ m d  un it ’ -

t n  I t t - i t 1 , 1 1  - It 30 I l i i i ’  I t ’d  as .i I com e i i i  ‘ii ‘it thu  - } 1 1 l :  .m i i i  ‘ I i )  i c  c l i  i l l  t ’ I’S - 
‘ 

i t  l i i  5 ‘ l I t  ‘- - n , t ih i ),li ’d i I ’ v i c i t i u u u n . i l l ’  i ’ u ’ I t ’ l ’ t ’ u i i ’ t 1 .
1 u t t I n t -  I u ~i t ’ t t d i u c u i l d i n ~ i - S u t t ’ i u ! i m i c t  is a t - I l  S s i - i t t ) t i l l

P I I i~~ i l l  I - :  •, ‘. - u s  i i  c s i - l i  I i - - -i , i i u t l  li i ) t i i ’ ’ ti ~i s i l t  I l ~~ I i  - 5 1 ’ i l I  ui  I t O  t no

— . ri , - ’ ’- l i i i  i i  t t ’ s  ~ l t i n t  - — t - l - . m i - ! : t i m l l . ( ‘ i - i ’ i s i S i u t f l . ‘ mi— L i t t u n I S  . , I I  , ,  t ’  ~t ’ - i

‘ ‘ t s ~~! l - t ’ I t ’ ’ t m  I ’ -  ‘ i t ’ l l ’ - , ‘h ot I ) ’  s bn lt-I t huunct I t~~ - t i ’ S i ~~n S l i t  , u l c , ’ .u i l ’ i i n

1 5  ‘ i s  t ‘, I I  u i , t i i  I t j  s t i l l  - t I i - u - i l  I i  ( l U l l  I ’ - t i l I l l  i~ I i  I i i  i S  ins i ’) ‘ n - I i r  l i i i  l i m i t  s - u

i t  ~i ~‘i . i  ‘ i ’ t i i  t - ’- . t i - i u t c m i  t u l i )  ‘ , . t t s m d t  n~ ’ a t i i t u  I ‘ i ’  ‘2 ‘ i i i , ~~~ , t ~ I r h  -

i
~ i s , i - i . - I t I , t !  4 5 ?  ih cii.i Hr - m I s t - I l l  - t h i  - H i ’  i S  i ’ b  l l i l l ’ t ’ i M t l  S t l ’ IO’UU ’i 1 d

( 5~~I n l i t  . d u ’ ’ v  , uc -~slu t i l I l t l u i t t s . it ro u t h I- ~~i ,m l ’  ‘ I  t i t . u t  ( ‘ i u l u t i i l i l l  ‘ I  h u t  h i 1 ~ t t ~~u fl

l , ’ c i l ’ ) i m i ’ , - i h u t  l ’ t ’ ’l ‘ ‘ M I n I ’  ‘ ‘ l ’ s ,‘, l t ) l i t t  l i i  i u n i u ) d m u m - ’ I S  tn n t l h r ’ i h i i t - . I I  i t  ,

t i n t  i n h  i ’ ’ u 1  ‘ - u - t i  , t t  t - . u i  H ‘j  ~~5 l  ‘ r u t n i ’ ,ui h i n t ’  l ’ t , u i u  S l u l l  i l ’ m i - f l u - i ’ d

‘ n ’ - i d  ‘ i i ’  n~ a p i  a l i t ru nt I I I  t s ’ i t t t  h I n i t i - ’ -, h -  I i i  l u l l  r h ct ’ - . - I l i i i

I- I l  - i St -MI ’ I t  , i’ t - , I t i - t i i , i u S  t u i d  s u i i s t - I ) i c  n : t  t u  - i i  , l u  i ’ , I ’ ’ ‘, 1 , I h i s )

i - i c !  n i t  i - ui a j u i t - - I ~ u ’ i t  .1 a i I m  in cn ’i ’u t’ .iI ’, u t  h l i t



( ; i ’,- t - n  l i i i ’  j t i t ’ - i ’ l , m i ’ I -  t’u i ll c inn t t u n c i  u ’ c m i — r n l i l  - it is i t t  h - t ’ S s c u i ’ \ ’  I ’ -  kmiow

IIiI d , iit i ;i c t ’  cti id tipn ’- i t hnrt ’i’ -nlu uul d ‘i t t h u  t n — i t n c ’ a l  e e l u i p t l i t ’m i l  c u t  the r i — i t  I i ’ : t I  i n te r —

t , i  i - s  - I h u -  v a l c u t -  ui t t i l l  St t i n t ’ i - sl n ’ i ld s (‘ c iii ~i’t’ s r I  ‘ I n  t I - f l  , m t u ; ’l y l i ( ’nill v by uSc ( - I

\ i S ! i t i t  S1’P }’’US .-\p  sti ll d c n i c u hntus t- , i i ’  b’, S i n i p l t -  a n a l y s i s h u t  the i unt t - m ’ tc m c ’ u-

( ‘ t I u n p ’ u h t - i n t ” c . i”v l ) i c t i l  t i e’c ’ ui , I i’ ii-s l iii’ l l n m ’ ’ s I n h i l d  c u i t , u l n s u ’ ’ — c l u ’ u -  S ( i l l ,
( ‘ u ’ i n t h j n j t n n ’  t b t i ’ i ’ i l -  s i ’ t i r l - t - s  i u f  l i i i i t t ’  c i r l ’ i i (  , i !  It t ’ i t t e l  c i i n u ’ ( - i ’ c l n m n t v

in I ba am i’oi vt u c ,ussu ’ssnieint i ’ )  c u~n nit ’ ix i l h h c u u t - i y  - 25 dI l  f u r  ‘ s i l t  i - i t c t t n c ! , u i ’ d  d i i  u t i o n

5 l , I . l 2  ~ t ’ . I 3 u \ l s , h ) I i h i i - Tine L I N T ,  sc , t i t ’  model ,o’ i lt t y , t t  \t ,’ ’ I h u c l i h n i u 1 ’d( ,

\ i i ’  - i n t o  is  n - - , h i ’ u - l ’ n n t i v  ulte ,istti’ t il ’d i i  u i t , i . ’ t ’  .ind t -u r r e t ’i ’, I ’’ within cIB , c u u f l ’t p . n l ’ t - h i

t ’ u  tht I I  t tt’ .iI p 1 1  du e l ‘t i - it is t u ’ I t  I h i t  a’ith a niu g l  ic _ win - i f et tort , h i n t ’  nie.u.sui’’- —

t Ill i t  t ’ i ’ i ’ ’ i t ’  i ’ ~ i n Id ht’ i a - d u i ’ u - I i  t ‘ , less than 3 di P ,

-\ t li ’ ’ u i l i I ni ot ) ) . tr t u -u l I ) ’ I i i I c - i ’ ( ’ t-n l it t  —s ’ c c l t -  tn - i odeIiutn ~ Site I l u  nn e , i sur e

scaled P01- c-ct m ’ i - t ’ t i t .- - - in  u~~~ ’ d i f f i c ’ u i t v  in s c a l t u n o  tile I ’ f t l - n  I s  of the s i b  in t i -h irl i

l i n t -  I n u n i u ’cI  c’,mlnlt ’s m m’ suhnnt’i’ot’d. I J ’ b a e y e m ’ . i t is I t’ll that c2, i’~’(’ n , t c ’ l c ic u ,l un , ~’ ,u s i ,mi’ i ’d
p , i i’ ,u , m l i e l t ’ r s  ‘ it tint ’ soil h i  be ust ’dl c u t  t h u  s i l t ’  that thesc’ pai-ccmetet-s can hu-

m t i d i e l t ’ d I  t o it-ithi ri ‘2 (ID i l n  tint’ I , ti ii ‘ i ’ . l t ’  i i V  - l x i  i’ , l b )i I I , ( t i i ) f l  ‘If I l n u  sc’ccled fields t i

l I t i t - ,ii uu i v ’ u iv t ’ s c l c t t . t  p m ’ ’u c ’ss Id c ’ m ’ i ’ i l i ’ —c ut 2 d R .

( ; v~- n tb-at t i ’ u -  e -  t t ’  i i  l ) tu u l id l s  I iF ,cI I I in c c o mp on e nt s  ,md c i  in q u . t d m ’ . itu  cc

m i i i -  tiutjj stc tnd!cti -fl i t t  i , t t  in t l  H ut si ’ c tt t ’  fl)i,dI(’l i i ’ d  lest ili ’4 iS

~‘:i
2 

2
2 

2
2 

- m  - I dB - 4

s , i . i . i ,  1 Stub ,~ - - h i - m a (ltlcn’k Pox i b i s  t i n n t .  ‘lint’ pdu i ’p i s t ’  it - chdu s vs l t’ iu n I ic s i i innt

is t u u  di ’t i’m ’m uit t- tIn t -  t, i j lci re and upset levels ‘‘I the intert.c i ’ u -s for rn iti u ’,ti t ’ 1clu p—

in n ’i n l , ‘ liii - l i t - c  t I  i t  - u i t e i t t  t t - i ’ h i u u i q i . i u ’ s  u s~ d in black box I t’~~l mti ~ .u l u -  mtur t itttll v

, t t ’u ’Ui ’ , c tt ’ lii ‘,‘, l t ) h i i l  I ti lt , li i u ’, i t ’ t ’& ’r . th e  ~ l . i I  - 1 cccl v , ct ’ i c i t i i u i n of u l , t t t u , i ~ t ’ l u r es—

l n ’ u l d s  t t ’ i t i t i n  a. t i y t ’ m n  l ’ 1 , d 5 - -~ ut (‘ u u i l i I > iifl ( ’flts t ail \‘,ii’y c’ u u i ’ i t - i t d t ’ i ’, ib ly - Fir tvpic .d

i i  as-nt’s u t  d~ ni i t  ‘Ii- - st i i  i i !  sI ,u It - c u i n n i l  u i n i ’ m n t  s , tine at il 1st meal i c r  i , u l I u u t i  of domai.te
t Imu’ . ’— c1i ~ ld .s c~~ti iii - 3. 5 f l i t . \l sul’eui v eu ’ , black h u N  l t ’ s t i n n t  . ut  the sub svsteni

H

_ 
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k’t’t- I ‘h i t - j , ihu -s t i l l ’ I i  ~u ’S t u u  i n i i i d u  -i t I n t ’ u’ u t t ~ipI  m i n d  p t t t hi  ti ’ s li nt tint’ shui us vs t l ’in lev el t u

t h e  c i r c u i t  I c - v u - I .  I bis r u - s u i t s  in a lu ut a l ol 5 d R  i m j n i ’ I l V t - u l h t - i t h  i i i  l ine c u s s t ’ s — , n l ( - u i h

i t ’curacv

5. 1 - I - 1 - -1 (Yv i’ ,ui I ‘Fu’ c -hn i que A c-c’cmr ctc’y . In S t - c t  mon 3 , au p oi mn tec l I u u l  that

1!~~- t - t -  i t t -  s t -v e i l  i - s s i ’ n t t m , i l  t ’ l t ’ n i e m n t s  of an i -~\ iP  ~‘u in c ’rnc h iI i t v  ,istn c’ssint ni t - l och

i t  bit t ’ Itt V c ’ I e n n e u n l — ~ cait l it’ dc ’tt -i ’rntnec i ancclvtic-allv and or (‘xpc’t’ i nn(-n toll \ . ~~~~

b i t t ’ assumed t i u r  t i l l -  purpuuScs if ( m is et’,t lu ,it ion that  ~c1l ic’ould lit ’ dt -I t ’t - ic ~u :~u fi

,tnal vu u c ’,cllv us mi~ It ‘chit iqut’t~n With known cic c ’urcc c ’ 055 5 m m  ilc in ’ to 111 , 1 1 U s t - n i  in liii’

PH I” \I p’I’ Pi’ ’ i ’ d m ’ -, cnn  , H e n c e , tine appi icnii nil itv i if the test t c - c h n i ques l t e s  in tiuc’ ur

- ci i i  i v  t u u incne,tsu’ thu I i  m I t  i c l t ’i i t ’t ’  (dcc i-e .m an the t ’l-ror bouncil n if hin t - analv sts in

u - o r b  of th e s t - v u  ‘ i n arecis - Fu in purpose of t h i s  evci luat j ul1 1 . it is , t s s u t n l u  fl t h c t l

there is tel- l u  d ’r ro i ’  in tine d c t er n i i n at i i i n  of the c’oup l iinn u S f i e i u i s  I I I  im i t c rnal

i ’ ’ i i t d u u u ’ l u i i ’ ~ het’.w —a - ‘i t t h u  s hi e 1 d i n i~’ c hc c n ’ , l l ’ l u ’ n i s t  i t ’ s  t f  the b u i l d u u n n t ,  Vi’ c ’ ,t,I sii

i t - i sunne /ei’ u I  E r ro r  in ,iasessin’d the shid~liiii i tn t ’ tf t’c t ui s’mness i f  t i l t ’  b~ti l d itint,

.cli b u S t  t h i s  . d s s u n l i ) t  sin  t l i c cv  \‘ , u . e’y w i th  t i m e , The ta - i t e s t  t ca -hm iiq ue s  th , c I  a-c

b n ai - E i- i - ti u ic tt t ’ ui i n i - i ’t’ cm s eil the confidence in the ai’ea of ; ( 1 )  dei’rc’ltsniH Err it’s

l i t  c ’t i up li itg u u f  ~-oI l o tus and run ’r cnt s  tc u  1~OEs from I to 2 d 13 ho st ‘ii on sr;tle mu t d e l

t i - stin t ’, , and ( 2 )  reducin~n i -i ’ m’ ut’s in upset and ilti n lor a t h n e ’ s i n u u l c i s  at the subsvs temi t

b-i -n i I i’ u u t t t blcu ’k IHiX U-shin’ by 2 till . }h(us,i,’evc’r , Teclnnidlut’ I d u uu-s in ’S acldm’ t ss

l)r u l )ayct tii l m t tif thi n iOE c oup led s i n ’ m t a l s  i i i  t i nt ’  i u n t ( ’ t ’ i u , l ’  u u f  t ine s t r u - t u r t ’ , Hen c e .

t i n ’  i v t - r o l l  t n ’  i i i ’  of t In e pi ’(’dii ’ h u m s ‘dt’n t- r ctted i u ~ i , ft Tee ’ hn icpn ’  I a u u Id  I n ’

i n h I ) r d i v e d  l iv  7 fr u i nm ap p ru i xini aU-I y 25 d13 to 18 dR , ui nc’ ~tc tnda rd  d I e i’ l at i t f l t .

5,1 ,1. 2 Sit ’’ ! — Technique 1 — ( ‘ ost F c t c ’ t u u r s

In t ln is St’rtion i i -  a- ill e valuate the m’ i’l ctt i i i ’  e i i s t s  of t ’ ,mch t i f  t i n ’

methods uscd! in ‘It ‘ i - I t o  l ( 1 d t t  I - Tin is is .i i’t’I.tt i t t ’  cost 104 unIv  i i , u  s t - n I  cnpon

euri’t’n i t ’ m n r ’ i u n t ’ t ’ i ’ i n r , I u d i ’ d e n n m ’ i m t  - It must li t- lni u m’t ~ ’ in t’iii itd t h a t  i - :l~~ G is n I

t ti (’tuptiflt?, l u  It-li the ( n 1 \ ’ t ’ t ’ i ) l n l t ’ u i l  ‘ i i ’  l t i i \’ (if its (‘uunt rai -tu)r s what ccii cictcitil

l i t  art c ti’ t u ic tl ~ i i t ’ of t h i s  type’ s l i u u u l c !  01’ would m u - c l - ‘l’Iu ’ intent

Itt’is ’ is nn ’rt’ 1~- Iu , make crude u nd er— i l — i t t  Ll ’m )ut U (i (’ estimalt’s S i)  ti’ilt t the

variou s t t ’ u ’ h m i m q c u ’ s  cain l it’ i ’ , t i ’ tl- c t ’ i i  , c C C o r d h i n n ! , to i ’ t ’ I c u t i v t ’ t ’xp em n cc e versus n ’elat ivu ’

i s ’t i i r n ,

- - -(--~~~ —
~~
-

~~~‘
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5 , i - I . 2 . 1  ,- \ m n a i v — n m ,’ n ( ’~~--, t ’ n . The’ r u s t s  ‘ i f  p t ’ r I l m l ’ t n l i i t H t in , t n c t l i ’ s i s  amid ni’ ’ ’ i t ~ - t
i i  ( I  i t t  ii an l i i i  cc c ‘nnp l t - \  s u I t ’  r un l u t  - r m ’u c h c i v  hmn ’ , i u ’ l- , t - t  t I )  liv ct s suf li  inL~ 0, St -I 1. i i  e n  I

PHI’ \iP’T’ s t i l t -  i.~ ~t - 5 s t i t i - t t t  ‘is t i n t ’  dil )ls’r bound and au m t u l u m ’ e ’ , - u , m l t ’ ~l .u ~su-ss i nn c -nt

,tS .1 Ii utit’ ’t l ) u i d i l i ( I , h f i - a u ’ t u - t ’ , s inc e it t h i s  t ime , tim e i l u-t a i ls in h i ’  cm ,nip lu ”x itv

i t tine site i t s ’  un it knum a in , these , c r t ’  s m u n l n l e  s a ’ d u o ’ -— I t  — u n n c t a ~n i iu de  (‘si s lu t i 4 s , The

.L I ) i ) l’ u i , I a’ii to c’ I u - S i t i 4  tIns type i t  u - t t , i i ’ t  h i s  been t i m  assume that ami ,ti - t -i’ ,m ru - u - n i—

i n c - u n i t  I n i~i m i I n , u c m r  ~ i u s t ,-n if  525 . 00 , and an , t i - t - i - , m ~~e tec’hmi i c- ian 01’ l N t , u  cI~ -i ’I- c I i ’

tc ’cimi c al  aid (‘ i a - i t s  ‘ it sl 5, 00 per n n a i n h u u u r .  The cpp i ’ ’ u x i n i , t t t c  i’i’s-IUI’ d’e re qUit E ’ —

inie nt s ti n  ,c ciu’lailu-ni ,cssc’ssm un eunt art- sh’i ’-.vtu in T ,c ln le 5— i,

Table 5 — i
Site I I)etailec ! \ssessn ient  I ,dix) r Requ ir cmc ’nt s

‘I’ m — ni: I ,ii us mn ~ Requi rement  M amihu  at rs

Su b e s~u i’i -i-v 4 l- ’ i nnt  muit ~’i’ i’s 2 n’,’eeks 320 ( ‘ t i _ I ui)ee i’jn’d huuurs

\ 1 ’ , i l u - I m i i  -l I - S l ’d im n et ’t ’s  12 weeks 1020 (‘tl d i t i d’d ’I ’ii i 4 hours
2 McI Clerk s 12 tc’eeks i lt () tech ht ci i’s

, S i u l t ’,’, , t  i i -  Suppo m ’b 1 Pi ’ i i ~~i’ , i i n~ u t u t - i ’  10 ad ’ek s  - l o t )  c-u i n um l ee m ’in i!, hours

2 1 - l l )  en~~i i n e e r i m i ~ h ours
i H ~~ ) tech In ours

2 1 - l I )  x 525 ~n ; l ; . 000
‘101) x 5 15 11 . 400

‘ l ’ u t , i l SH O , ‘100
‘l’ rav cl  0 , 000

(~uuin p cit em’ Tinne 10 , 000
‘I ’ ( ) I ’ c\ I ,  590 , 400

I ? m - . su i c m i s ’ m -  ,‘1 ’( 1 t ,iin’e il n (’In t s cinch (‘ osts ti l l ’  t in , uh i i i i ’ e v i , t t c ’ d  ,m s sc ’s sunnt’ i i t

a r t ’  si i u ,utv n in ‘I ’ ,m b l c  5 — 2 ,

5-5

~ ~~~~~~~~~~~~~ - - - -  
_ -_—  — -‘ - -‘ —‘- -‘- - - -‘ —-  -‘



I

Table 5-2
Site 1 Abbreviated Asse’-nsiiie iit l abor Reciuii’cn’mt ’m t ts

Task l abor Requ i t c  meti t M ,u ihu u r s
Site Sui’vev 2 Eni~’ineer s 2 weeks 320 e n r L i u u t ’ € - r u n d  h m i u r s

Mu n ( lei  inc~ 2 I- tt~ ineers 4 ti’eeks 320 end t n t - u - i - m i n i  0 uU r -~

Su itt a’a cc Support N ‘.\

‘I’( )I ,-\ L 040 u - l t d  n i t - u  - ru in -n li ,n - u~’s

040 ~ s25 51 1; , 000

Fi’ .ive l 1 ; 000

Ci,imputei’ Tinne 
- 

2. 000

s24 , 000

Thu’ 525 , 00 per emn nt i tle e ’ n ’i ut -. n i omnh u ic i r , ,und —t I ~~. 01) 
~~~~~~~ 

I u - c h u n i c i a n

nucu ih our :ci’e Us , dl i’t’ n -n ccr dless u f i  whe th e t -  the  I n s t  i n-c h u n ’ . b c-m inI , sh irt  l u - r u n .

‘m i t - s i l t ’ , ( I t ’  o t t — s i t e . This is .i.ssu tn ,t ’i ) Iiet- .m u n - ie sl i ’ u i’I t E n)) ti’ -~i s vt -en th ’uu nt im

s I t—s i te u suc cl iy use fully iiu a m ie m i i ’ i m s t i mn y l u - l I l t st imoi nne si t u -  L i culi ti t’s ‘viii i ll-

r e q u i r e d  when the p e i— s i i t i ne l  return. [,u i n d  l i ’ r n i , o ff—site i t - t in~ l5  5 i l l i i t i l u i ( ’ s

p iicec ! tt ’it li st’h )~1 l i l t’ t,11 . s i t i ’  i’t~clci ct’d iv t ’i ’ l b l ’ uil  hut l i n t -  ,L dd hi i i anol c - i t  ‘ ‘ I  I t ’ l \  i - I

has t uu he c’ s i n s i S t - r u  -d -

5 J . 1 , 2 . 2  —O ’ , i l t ’ M ’ n k - l i m n n i ,  F u r  p u r p i u s t ’s  i f pi ’ucttt ~- ‘ t  t\’picol —a.’,dt’ n’i i m c i ei

l u st , we h i c u t ’ t ’  , m s s u m i u t - d  th at  a G I F  sc.cl t - nì’ ,u i t’ l I t c ’  m i t t ,  ii i l l  li t - pi’u Iv t i l t ’ )  and

that  t h i s  t , u c i l i t i -  a’ilI i n clu d e  ( ‘ m n i - i r , , i l t l l c ’ u i t  n t t ’ t l u ’ l ’ . i t i u t ’ s , p u’ ’~ht ’ s st nasii ’ —c , itns hl’ U—

mentcut ion cei nd all supp u ) i ’ t  inc. harc!w:ui’e - ‘I’hcms , the sc u le  nm uc!eI ‘u itnclcid cs

nits i mi utf t in - nnujc!ei , t , m h u i ’ mc’ ,mt ion ‘ ui tint’ ni iu de l  - ,ma.’ tc m ,cl te al 1114 and i t- p  l i d  ni

The coat i t  si uM i’m s requ ire d tire shown in ‘I’,cblc 5—3 .

5.!. 1~ 2. 3 Subsystem n P I n k  i h u u x ’t ‘ l e s t  m u t t .  I - u n pdi i’j )u u~-~’a i l l  i)i ’i( ’lIt k t v p i c , U

1) l,cc’ t : hio.x I I ) r ( ’Sh ul (h  b i t - t i ir1’~ ‘v t - ii;ivt’ ,L ssu mt l t’ (i a sui)s\’steln-I test i , u u ’ i l j l ,i’ ’,t’ i l l  h u t ’

1)l’ u u \ ’ i d h ’ ( h  ,~s G i l - . ‘ l ’ iu i s t ,L (’ ihi t \ ’ will int-lucic ’ i ) r m v ( ’ t ’ s , s u ’ m ’ tn - , i l i ’ s , p n i m i u n s ,

t tt t st run nt’ nt cc tuuti , ,(mi (l till sup puj r l  U i in I’ i i ’ ’ ,,(i’(’ . F or t it € ’ pu z ’p uuse of t h i s

pai’,c’ ‘ t ’ ap h , an  hcLv (’ tiSSdiI ) ed I inc it t h e  A i i ’  I ’ ’ mi S t,’ \\t’ttpt i l ls  I i i  us i ’ m  h i  u i ’ \  Pt’ u i —

s4rantutm , t h u l t ’  I ‘ t i l t -  m - t t -;, ml I)ii’ec-t I )m- it’ u ’ I P t ’ I ) h )  I ni’ (‘qU i~’dle tnt  wu uu ld i i i -  p r i u t ’  i c h e d .

5 t



‘I’ , i h du - 5— 3

In  t lu ide h TI’est C’ n-;t s

~\Iciinhnsurs

I )t’s ani m \ I s  u I  320 (‘n4 i t i t ’ t ’  I ’ u i - c, hnt cuur s
160 tech hours

1- ’,m h u i ’ m c ’ , mt u’ \ I i u d e ’ l  160 eni~i ieeri ni4 hOUrS
320 t e m I i  hours

‘lu st 320 enc.inceninc. hours
320 tech houn’s

Repi n’t t r i g  80 ent,~ ineer in’~ hours

TOTAL 880 engiineering hours

~00 tech hours

880 x 525 S22. 000

800 x~~I 5  12. 000

S34 , 000

\ ic i t e m’ i~U 500

Shi ppin g 1. 000

Travel 8,000

TOTA L i~43 , 500

From past EG&G experience in operating the PUDD , it has been found that a

typical bla t -k box test requires 193 engineering manhours  and 99 te(’h tli(’i an

manhours. Thus , the total cost of at ) average , typical lilac -k box test in a (‘i F ’F
facil i ty is ~6 , 3 10 .  This does n ( m t provide any of the circuit analysis or func tional

L 

an-alysis - Since ‘‘Analysis ’’ is a par t 1)1 the t echn ique , these functions are

assun t ed I t t  be performed there.  This para graph covers (‘O S t ui f  test only . This
is ( ‘u ) f l s i s t en t  with metho d s (‘urre ritl y complet ed in the assessment of aircraf t
subsystems . F’or a large complex system sucln as Si tu ’  1 , a minimum subsystem
test program should includ e 10 tm ’hlack boxes. ‘ ‘  Thus , an appr oximate cos t of
$65 , 000 can Ix~ expe ” ted .

5-7
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ii .u l u - S t t , i r i h i l v  is n I t  l i i i ) ’  , u v c u t l c u i u l u - , t i n t -  L s ~~~~ i s t  1 t ’  t 5

u m n c t ’ m - , t s m - i !  I i ’s’ b i t t- l i St ‘b l ’ n i u l ’ i u u m n ’~ i i u ’ i l t l t l r  .i I i  - t  t c t i u i i t v .  i n  i~~ t ’ i r i ( i l i ’ , i n i S i

t i n u - i - i ~~t m b t hu  l i - S I  I - -  u t  s - ’  by , ut l i - m a t  , m u i - i ’ m s t  w i  , u ~~u i  ~i~~- ‘ u  . i  ( u i  ‘-‘ F

it ’ 5 ‘i i  0u 1’ ) i n n s  i i l l  ( ‘ i  m~i~ i i i  - \  l i v  ,i  nd . i n i ’  u l i / t i l t ’  i t t  - ( nut - ‘- n i i - —  I I cii ’ i i i  In - -

5 . 1 , 1 . 2 . 4 (‘t u sI _ ’ i u - e i u t I i s  n i t I - F ly  a it nn 1 nh m ’ c iddi  Il i ‘n ‘ ‘ ( cii) ‘ s (  t i~ t h u s  ~~~ ‘ i “i - -

pu n i m u t ~~ . it m u ir l ii - ~~ ‘ u n m u l i c u t  ( l  i ’u ’Sb  s i  , i  S u m  , m ~~ - ’  s~~n i  ~~n l i s I l i c  I t - m l ~in a itu ’ I

w’scmlc ! fall l ie - ‘- ‘- u - u t  tint - I i nuil a s t  5 122 . S I  I m l i i )  5 2 ( t 4  - 01)1) -

5 . 1 . 1 . 3 I ) c i rau  h u n  ‘ b

In u - v , t l c i , c t t t u .  h u t -  cium’ i u i s ’ u u  ‘ it ’ ) u - ~~h mine  h v p - m t h e u  tm ’ , i l  s m i l e  t n l s l i - l  (( ‘a t

,m nd hvp olhet  mc cl h lc cc’ k l u I N  d i i i  u t  ‘ i i ’  l v i  - tu —~~ - I I  !t i s  h i t - u - n  , m n - n s u u u l i  ‘S t i n  un n i t  in

bitt - test  t,u’il l b  \ it’i cdt! iii ’ 1 , 1 : 1  ,cnci mli ii it wu u uld  mu mc a d m I t  , t v , c i h d i l t  -

t O i l  s uS v m i n i u n u n n  m i d  hl ’ m m ’ , u b  a u i n ~ to l i i i  b o i l  l b  v h , m  i - f l i t - cm l u -  ‘vu u i_ i L l  l i t - i ’ t ’ i - 1 ” i  i i’ m- ’ S-

I l n . ui tn m cmn du e ‘ i t - l i ’ , s it- u uu l c l  lit ’ mmmccii ’ I’ m ’ ’ ) -

5 . 1 . 1 . 3 .1 t’~i~ t h m ’ \1~ dt ’l . ‘lime v ,lni u mci s ph,i-~u ’s ‘it .m se ct - tn ii I ‘m u ’ ’ - 1

i ~~ u . n nnoc !el , (2 build i i i  Si - I  - ‘3 p t’(’~
),t i i ’  t I - ~~~ pl t n , I i t - - i . o n u S  (5

i’epu mr tm mn - . - I -
- ‘ u -  l O t  - 51 in i p l  it i t  ‘ I  sc c cl I u n n o d u l  t I - -~~i u Iv tam - c u - - i  li ii ’ ~~1 n ,  1 - n . m c I t

~1 I . i  - - ; t  - tt’ould take , i  p pu ’ s i~ , i n t m l i ’  iv  m u ’  t n uumi t h , 1 ) 1  h I  l i i i  t u t t , i h  dci i - ut  a mu ‘I I in ’

l u s t tn ’ uul d lit b i t t -  i c i ’ i t i l i u s .

5. 1 . 1 . 3 . 2  S i ) ,- - ’, - t i - h r  ‘ I t - s t . Im .u sl expe l ’i e tn c ’ u’ t u s i u u  - - t I n t -  P 1 1 ) 1) .0 l- . t ” I  i ti d \ i - I~

h i s  slu i u ’,’;iu t i n. i t it i l - c m - s  ,mpp c ) x t n n u i b i - ) v  s l i t ’  n num ti t i m ‘ i i ’  a ( “ u l n p l u ’ t t ’  t u - ~~t ci m It ’ s i t

a hl.u’k 0’ ix - If s i  - ,m sn-no u n i t  - t i i , m  t t i t u s  I i i ’  ii itv ,tsam ’ssineint i m u h m i  r u - i  nic e I t  - I I I I

— 
-~~~~ i t  l i i i  h i l cmi ’ i c  h i ” , , I I t t -  t m , t t i  It - - - ,) u h u u - u t  a m t u  it- m i u lmi  he . i h ) p i ’ s i ’cii )t.i l i l y  ‘ - t n  n t  tnt ih ~ ’ -

N u u t C  t!n ut lii i  - ‘ate lii i imihl n ’s flu ‘ m t  t i n  is t i m  .i ‘‘ l vp mt ’ cc l’’  . m \ t ’ r , l u - c’ u tit i ) Ic\il \ i

1>u~x. Hh ui u ulmi all six u t  10’ I u s , ”ci , l i i - i - ” ,l i’m-in n - k c u m n i p l e x  im i fui nct l ull .m i nu i l u st

r e q u i i ’ E - i u u i - u t l  - t i l t  (!cl i’ .t t t ill m m )  mlii It- st u ’ ’ sc i l c! t ’\c ’u’ i ’ i t I t  I I  n t i tri th s ,

5 . 1 . 1 . -i Pi’actim ,il it ’ ,

‘I’ t o- buii i q ut u I te’u a i l d  1 mm i i i  i ’ ’ - t t  i’ m t i n i l y  p i’ .u ’t m e a l  awl  s i i t i p l t -  I ec l n m n l t c I t

he , i tmi p lcinn (’ tn t t ’ i i  t ’  i t l n u ’ r i i i  thu pt ’ s u I i ~ m - i i i  I t  - ct p t ’ isi ’.cunu a , m c i  Ii’ it ’ - I - - m i i i  i i  - -

‘‘, - u i t i h u l  h ue ’ inv uu l~’ed. ‘ j u t - v , i i ’ t ’ :  1 )  time’ p u u t n - c s u i ’ m u i n ’  i ‘ t ’ t u i ’v , ( 2 )  b t - ’ -t b l . u ’ i l i l v
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t i n t  t l , c t ’  -n , t~~~t iuri - ,tsUl ” 1 , t i ’ i ’ ;i v u ’ i _ t~’ m ,  n i  ‘.t , la m W-I ~m n u p a .

‘I h i ’  m t  b - m V  I’. I ’  ~ - ‘,t t a  l - ‘ i ’ m ’ !  n 5 - -H i i i  i it h i t  t i n  c i i  u - n -  c i i  I i i  m 5 1  v u ’  s t u n t  u , ,  - mr inn ’ - nn I i~ u n r - - i  5; -
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f O i l s , l I n t ’  51,1 I L _ i ’ ’ -  curl I n n s  ‘ - .‘~m i b t - - i  i n  t O m t - t 1 l t n l I ’ -, - ‘ I  S i l t -  I , u i ’ u 13) l I t l u - a s  tit an

mit I i l l  - \\ 1? I i \ ( u ~ I ’ t i l l  I ~i I —

lnastnu m ’h cu s I I : ’  S l ’ t i t c m l s  ii S n t ’  u ’  ~~‘ b h c u ’,’.t I )  n u , i u c l u i ( s  a u - I l  h um,

a t i t . i l l  b u m  i’ t’ m ” - i i i  c u u ’ r i u m ’ c u l u - l v .  .t t id I I I ’ -  5 i ~ n i - mIs in m ) ue tu -t i I ii’ m ’ c i l i l m  i n s l i ) ’  Silt I

i ” m i ’ i l t u i t s  ar m u i mui’it s n i t c h er ~~v u - u i  i v i b i u  I O i l ”,’, i t !  Iu’ : , n ts n , itt i m . i_ N t  - - I  ‘hi s i s  -

t nt ’ ) un is ui u ‘I m u  - i ’ o t l n u n l ’  id n - - i  l i i i -  S i l t  - I -

5. 1 .2 . 1 .3 
- 

P ( I I -  l ) u i s  - t D i o t i  Puls e ’ , ‘T he uul St i’Un ,t n : I a t u m m t l  I s ’  1 I s ,  i -m i t’S 0,

t i  I~ i d l i i i i i3  i i i ’  - Pht .usu I tutu Pl r , m ~ t 11 t ’ c i l u h , ’  c i t - i t  i i , - 1 abs , m I  I I l i ’  I )~ m c i  - I I s O

PU I - ~l PT Si i t -  v .t s  u u u c u l v . ’ u - : I  I i ’  ( : , I \ m  c mii ,irm n ~c m i v ‘if S S P I s , I s , - m ) U h t  tn h I- I- n un ’ s — .s, I i

5 i ’ u ’ s t ’ : I m v  s t  i - t i m - i t  u t  l i i i  e i u i i t p a t t ’ n t s _ _ \ i r  .uui,mli ’s u a ut ’ I i , ,  m u  tm c il _ m l m i h l i ’ , m t

i l l  - flu’ : ‘;‘ ‘ i t t  ci inch ’ mb I -ml ci u in a n - c  I i u m u n n  si Ft  - t f l )  t b  i~~ I ,  - n  l i st pm i n n :  I S  ‘ ‘ i  1 - 1 f l i t

Si WI - u nfl m i t - c i c t t i  - m c i m - a~ mu ‘c mml it’uuuld l i n t  - n hi  ‘ cm l m , li” X i i i  ~ u i u  l v  1 - 1  2 t I l l  - i u  u i _ us: ! ni t

~ti c i ) i l  ( m u  - m . ~h ’n in .u u ’mu r cumi’ s u b  lO u -  n i  , u s m t i ’ , - t i ~u ’ i m b st - s l i m .  Ii  t n t -  ,iSs Uutlt l iii b ’ , v , ,

In l u ~’ .“ t . m b u s t u u ’ c i l l V  h i i ( l i pt i l i l u i u i  . t i t u S  . u h i  !i u ’ n i i i i  ( h i u c i ’ h i t i _ u m m  , b i t t - u n  ‘h i  , c r a s h ’  h m u c u u u i

‘ ‘ i n  t i nt  r ) c u n c u  i s  2 5 ’ I I l . ‘J ’ iuj s  u s c i ‘i ultS , i -v a t jv e ‘ s l u m i i , m i e  I ’ s - c  m u s e  f i s t ’, , u i ’ , p c s ’ l u . i h i l v

ai m cal lv i u nfi t  I I ’  - t m d m  mit ( U t - I t -  r u ’ m u u ’ m  - 4 -

I m t n m” i nnum hi c i s I l i t  - i l  s i t u  - Is Sm t i  - 1 ,  m p u  -5 ‘m i ’  l i l t  - pl~ - I t  s b  i ’ m ’  I i i ’  h i s  ‘us eco i

l i i i 5 t  - us tin i Il l icit I l i ~ - ‘‘ s i t  u i t  ut  I O u  Sm i’ t - m ’ I t i n t  t -
~~~“s r l  I ’ m  i - t h e m - s ma tn i .i i t ! i  1 iu  mu L t i

u - u’ m i m i ,  hi’ i ’~I tin n - ci ’ ntl m u :  , t  i th i ’ u ‘ c m l  i t  u ‘ ‘ m u m ’  -ml , I It l I l t  - . l i i i ’  u i \ I  t . i l  I u n ’ i ’’ ’l’ t i n

lin e S u n u ’ m I  ( h i ’ i , e i - ’ .I m r - i ’ u u m u u - n t  I S  c l l u l i u ’ s i ~c u m n n c m l ,  I i  2 .s n i P .

S . 1 . S . 1 - i  ( ) v i - c c t l f .- \ m  l ’ n l i ’ c i l ’ \ . !Cu ’l l l i h l f L l u -  S .  S t t i ~~t i i i t ’ . a h r  t i  i ’ c t s , - I u n l m  i t t  2 5  l i i

, u u u . m l v s i s  ‘ i s . t t i l v . th in b u s t  I u ’ m h l n b h u u - S  m m t i ’ n t - . u a u -  t i l e  c u ’ - ’ - t - s s i t i u ’ u t t  , ‘ m u i n ( t u ) u - i l i ’ t -  i S

iS ! ’  its

,‘._ _._ p S lut’ m ’ i’ s u i hl s u i f  (‘W i - n - - l u l l - ’  c u r t ’  c l l b l i i ’ t u i I  l i t  I i I , l i n l i b v .  l i i i  i t - S b  i S

m l  t o  u - i - t h y  l i l t ’  s l t i t ’ 1 c h i i n u . ~ u u i t u ’ n t i ’ i t v  u t  h i m ’ s I t u - . i m u  t h i s  n-— i n — u - _ it iS .1

n m — t I n  li - l it l i St . ‘1 I n - m e  ui— c t n t , s b n i ( i s t j t y n t l  u ! n f l c j  n i v c , i l a h u h u  I ’ m  s lu m ‘a- tt’ jicml t O , - a l c u n u l ) , u i — ( l

m h u - t  i c i h h i m i t  I u m i l d u i i n ’  i ’ i s u u ~~t m I u r h u , t m m  F r u u n i  ~ h t i t ’ l d u i i t ’ u k - n - c u t - i l  n t u m .iI

‘h i n t  Pt ) I  l ) i  cu rl I In i - u ’ I Pu l se_ i  l i - s I  m u ’ d n e u - s  u u - u ’ ’ u i ’ S  h i I ’ m uci pi i l i n t  I ma nn

1 5 ) 1  b u m  u ’ h u ’ u ’ c l i t  c i m u m !  i i i  t l u n u ’ s h n n l d  um’ t - h i m ’ h i u t m n ’ .i _ II , uIiu-u ~ n u, iIt I l r i , , lt I t ’ t i ’ l  I’ ( . ) I  ) t u ) s u

m i t - i t - u -  is sc .l u l , Hut m - l ’ t ’ ’ m i ’  i i i  b I ’ .uutn- . t u i — t n u u , - ! i u ’ m t  t I ’ m u i m m  1 k ) )  to ‘ j i m - n u b  is  t’ u ’ i h t i m i m )  t c m u m n u

13 111 ( S i ’  ~~~~ S -  : i — - i - u  I i ,  2 . _S ‘(I I . ‘L’ i mm ,’ i t - h  mnh h nr u i \ ’ u’lut t - lu t ma i l l i i .  M m c i ’ — . t h i m .’

u t  a I i - l ’ l n n j ’ j n l ’  2 u - u ’ ’  ‘ - u m t m ’ n n b H 15  ‘ t E l .
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I S S ( ‘ ‘ : 5  I u~ 5 s F 5

I ’ l m u  i ’ i m s t  I ‘I r e u m u , m li s is  p s t m ’ h t l  
‘
. - t I t  ( ) m n i a i c u e  “ a H i t  s i n n i u -  , u  -

I m  nll m i u qi u c ’ 1 -

I > 2 - I ( ‘5~ U . m m i u . u ; i !u - “.\ ul a u i _ u t  t t c i i ’  t i  — I ’ t t i l t ’ i I  l o I s  u i 5 1 1  m u ‘i t  ‘ - a I t  , , N bt I !  -

t i n ’ . ; : : m t e  m :u ,m l sh i ’ t n i I U i ’ u t u b  5 m h t  - i t  i ’  t i l t  I t ’ m l l b s  1 , 1  ,m c c U i ’  j i m - f t  p i’ t ’ c l m c b  h u e  c~~a
’

n i a b t ’ i ’ u s n n t l n l  H u e  . m l u u - m i i u t t t m u i m b  f i l e  a b r t u m ’ l i l n ’ r en -~ n m - m n ’, c l u - n t t . m i I v .  I i ’  - t i  r , t i c  0

i 1 u u - i _ u at - u I  5 ’’ In I i  ce ms u u n u . t  I , )  n 5t u l i p i  i t  v t i t ’~ ci s an ,  c pt  m mi i i > . u m n d  - ‘ .~ m i t t )  St ‘ 1 b 1 - u n s i  -

n u u t ~t ~al t - t m I i ’ u l I  i n . t  -u  ‘ 1  ‘ m I t  p .msl e \ 1 i t  i - t e n i ’ e . u ’ -- s i t  l i e  ‘ ‘ s a u l  i i i  n - , c - n I t  i t  up

‘,‘ m b h u u ’ e h m t  u ’ , I t p 1 i r ’ u ~~t t n t . u t t ’  “ u s i , ‘h!i u ’ t a s u n i p t  l u l lS tin - c u- t i nu  l i n u s  t - ’ ;  - - - ‘ m u  m m - c

- U 1” u ) F l i t  - t i - u ‘ I n  i u u u s t d n . m I n i _ n t ai,i I ’ m i t s  t I l l  ni_I l 5 n I ,  -

2 .  ‘- . i e ’ c u s c u  m e  - n i l v  I m in im I I )  k i l / , 100 M i i i . ,  n - a - - t h e
l , , u u i d ’ , v m c l t ) n  ‘ ‘ I  u u t h l ’ I’e -.1 t u , i ~ 1 \ l h ’

:t , ,‘\s a u u n c u  t i n t ’  i u J ’ imns ~ is Shap t  ‘ I  h u l a -  a m u ’ n b , m n l : t l I . m m

p . m u ~ u I i u ’ h  ~1 u m 1 m u  S m u t t  i n - , i-c it -i n sute ,m i ’ e c l . m u n t ~h t  l u _ uI  t i~ ml

u ’ u ’ u - ’ - c -~r , u m u t t ’ - s 1 i _ u , m l ’ u

I . \sn-iu t n i e .t ‘ i i ’ u v u ’  p u n t S :

• ,\ I ‘ I i ’  l u s t  i’ I !nt _ ’ i t  ‘ t i l t - i ’  5 & ‘ . mm ’h m l  l in t ’  su N n, i u t u  ~-,

• ,- \ I ‘ 
- I I I I  .1 i’ i ’  , u m i t  m i t  l i l t  - C 13 111 (‘ ‘ a  l I n t  ‘n -s

• ,\ I u n  n i t  - - m r  ( c i  c u  - t i l t - c  m a t  u - . I t ’ l l  ‘it i n ,  1 2 c - S  - m s

• ,\ I 1 , 1 ’  m m u ’ , m u ’  tine’ ‘ ‘ - ‘ I I  u i  u S  each mit l i i i  I i  t i _ I t ’  - n . m  m i i ’ u u i t  a

5 , ‘ 1  ‘ - - t > n u i t u  - ,t I h i  ui _ I t’ pu do t s i s  i _ i  ~l nh v - ‘ i n n  i v , u l t - u i I  I i ,  t i n  I - m i _ t i ’
( ‘ , m r n l u - u  ‘ - u t  u l u e  h u t ) au t li m n u ’  ni t IO u ’  s u c b , i c u ’  i l  b i t t ’  u ’ , m r t l t

i i i  u t i  - h i l t  I u i _ i t !  ( i n n  - ‘ -

1 i t i t s  . I l I t  - m m ’  un i u i .ilc! l u u ’ 1 2 (1 c i  i l l  t h u n  m i t  Ii ’ ‘its ‘ m f  i i  n V ’  - , i  b i t )  t i l l  - , i ’ - c I l m ”  ‘l i l t ’  iii

I r ’ m i u i  p ; i s l  I - SM I \ J (  t - \ J l s - i i l m t u  n i a , m l  I S  u - i ., ‘- - s u i t c i l u l n  I ’ ’  m - ~~p ’’ m u  1 1 1 , 1 1  t a m  n i t - l i

, m u u i l h u ! e t i - l i n t t ’ u i i u p I i ’ t t ’  l i i i  c i a u n m ’ m u u m ’ u m t i - -  ‘ u u ! , u n  . ‘I h i s  i S  .i m - , , t i s n m t , t h u i t  lv

s l u  ‘n u- li im u u b t - l i n i ’  -ut up ’ in  l i , u  - I u r ’  u i i c i h o  h i  t i ’ s ’  I ‘ lit b o u t Ii ti m ci m i n i n i s m u u  ml I’ ‘ii . h i u

, u d s i u i i t u i m . i t  iv uh h i “ l o i r e  , u 1 i p F i i \ i i t c i t m ’ I V  s l i t  m I n im ‘m um’ tn t ’u’ks l u  , s n ’ - , u m i t : ’ - , u h v , . u ’ .

‘ l i t  m m l i ’ m i - I  I l i t ’  ‘ l u l , ,  - ‘l luu u s  - I’l l) mcmii inns u in 1 1  i 1 I t - n ’ i n t  - u ’ m u  i l l ’  I l l  , t iul n- m u~~a wt id m i 1 mm -

m u ’ m ~ U u i - i - - h  b i n  H u m s  I ’  - I . Si t l i i i ’  , 1 S S i i i I l t ’ , I  n i t  - ‘ ml i-~S5 . h ) ( I pi n h i t _ m i ’ . Ii ’ u ’tm S b ‘b

a H u b  it - n U l u !  lie , u l , l i n u t x i i i u t u l t  I t  S2(~~I II ) I l .

— 1 ) ’



5.1 2 ,  2.3 l o l l - ’ M m i i  ct E)riv ’ (h u i_S ac) .-\t Hue I~tjIk 
(‘ l iv Auti , v m u m n  510 - , ,u

\ l & - : n s l vu’ c c i t t - i m u u l ) t p i t ’ i c -  m’ , m i i k  r i u ’ u i - e ’  pI’n : i ’ , m t n a’cms  pt ’ n’ f st m n nl t -d , l i lt’ r ,ui m ie cini v-

pI t : u i_ U i I i  mO ,eppm ’’ m x u n i , t I e l ’ ,- tin I _ u - i ’  m n ~ ’ m u t b i n s  ni _ m i d m ’e q u i r c c i  t I n e  t ( u h l m u t t ’ I t i t l  l ) t - I ’S i ~n 1fl Cl:

• i,ü ‘T u i i nn: ic ‘ , u i t  ~

• I (~.m hIi I ) i ’ i t ’ t -  h e n , ’ I u i t t c i c m i i

• I I ) c i i , m  C Ii- i’ k

• 3 I n i - ~ t h u  - t  - i s

• 1 ‘Fl ‘5 l~~ l’eann “, l c i u i , m . e I’

Iima slniu c- ln , m s  m i t t -  I t  m ill I e . m m ) t ’ n ’  u t ’  \ i~m u t , u  s u - i - s p r e s c - u n i ’ e  tt’ ctS l’c _ ’l4 uil ’(_ ’d

p I ’mnn.t i ’tI ’; hc’cauat s i b  t i m e  ‘lIM PS t ( - s t i u t ~~_ l it- ‘ : , u i J ,  innS t i e m ’ m u t t s l m i e c t ’ c i  il l c ’ m u s t n t s

ntm nd t h u  i - s i _ i t ’ , m b  I I  I’( 11 ch t i ’ u ’ c ’ i _  mi i’ i n t ’  e X p u s m ’ i u i t e u i t  t t ’h ich m i_ mid he p e l t ’  m in e d  ‘, n i t l i

m u i t l v  li t h i m - u - c  1. 0 :’ i t u c ’ t ’ r s , ‘I’Inus the i -e t n t - c t ’  ct l ’ u l , u h  u t  5 . 7) 55 t e n h m i t c i , m u i  hours  ii

a ( ‘a un - S s u b  t -~ i t 
- 400 cmnd 1 , ‘14 0 u ’ u u :  I m u t t’  i’ j n n ~ huiu i’ s at a cosI of 536. 000, Ijuitn e . tine

m l i i  1 S t’ (‘- ‘at ‘,i’ . t S  ~122 . 4 ( 1 0 . It is e sti nnc mt t’m ) that aci diti o nc tl u ni , mt n ’ ri c tl ni _ nd

acup p h i t - s  said sin i~)pLlig c m  ust S - n c -  F t ‘ 5 10 . 000 I ’ ii’ a total field p10i.~rctI11 co s t  of

~1 32. 11011 Tints was cm ic- m-v is i’ ’lu - c omplex t a c i t  i lv  wi th  mci_ny um nt i-ecitcd POI- u~
I i n’ a L i t - h u b ’ , v i t O c sm un t m’ol lCc ! , h n t r d hel i ed ~~~~~~ , m b e - s t  of c c pp rum x i nn a t e i v  half

l O i s  n : a :m’ t t t c i d e shoulci s t ub  I i n n . h h m u a ’ t - i  u i ’ , i t  is m ’ e a s m m t i , t i d e  t i  , i s aun i t ’  thc i_ t
p I ’s u r u t h  .11 ,m sib ‘ ‘ c i _ l ”  h ,is Sube 2 wu tul d  c u m s t  be t a ’ t ’emn 5i15 . 000 nt m ic t  5 1 3 5 . 000 .

5.1, 2. 2. -1 ( l u S t  ‘I ec hn i u 1u e  2, a \m n  c i s a e ’ a s u i n ’u t b  u u t  S i t e  1 U s i i l - 4  I ’e c ’ h m n t q u e  2

‘ y s u j f i u )  m . ’ u~ t i u t ’ I ’ ’ ; t  t i m  5105 . 000 and s355 . 000.

5. 1 . 2 .  3 Dn ’’ .i I i ,  uu  ,l ‘Ins t

1 11 , 111 t u - s h s  t ’ u u c i h u h  l i t- r u i n  m ’ u m u i t ’ u u ’ ~’ u - i t I h i  l b !  little i ’m in t l  m I t - I t t - i ’ —

- - ~~ :~ wm- . II i s  p ‘m in ap s  i ’ t u ’ i l  du’ si I’ , il ul c ’  , t h a t  I lit’ (‘W lu-al jni~ b i t ’  pt ’ i ’b t  o ’ n u u - ’ t  du n  in s

( ‘ u u m i ’ — S l ’ c l n l l i u l n  s’ l I m i t  , o m ’  i m t i m d v e ’ i — t t  m l  h u t t O n - -  l ’ u t l ~~ ) l i t ’  i ’ , u I ’ i ’ i - l ’ t t ’ m l . :‘~n , u c h c i j t u u u u i c t i

.u u t ~ ’, m u a I c u  - t  if b u - s I u u l m ~ ( h I i l ’ i i b ’ ’  t h u t ’  m s u u t s t r u ( ’ t l u u l n  i I i I t S ( ’  is  thi c t t lc’at j tii ~ lnm u ’ c u s i _ i m u ’ t u l t ’ n l a

of n i t l u ’ m u u , m t i o n  s b h u n  s l u i e l d i t u s t  , i h u i m t ’ ’  i t ’ j t h u t i _ i t  Sn ,  t m v u ’ n l t i i r c l t ’ i n  , ‘ u u c i l c h  I i , -  l u u ’l ’t unmlt u’d

it d u’ i - - ti’ i- m i . S h i m i t i l d  b i l e  m l i t ’ m n I  ( i l f i v u  m l t I m  P ( ) l ” s On as ( ‘ u i l n n p l ’ m ’ l i u - i n s i v u ’  is t hin S

pi ’ i t S  i r u u t u  ‘m ! ii! I ‘u,lk ( - l I t’ . c i Ii ’ l , m i  I ’ - at d um nmt mi n i m l  b i n ‘ u ‘ u i~ i ‘ m i t t  his m i m i _ m i d I i , ’

i - t i n -  m i n t  m - I ’m u I  _ u  mii i nifid it iu n nn el I ‘‘iii ’ I ’ ’  Si  ~ - n t - t ’ I c i —  ‘ ‘ I  u - n 1  Ui p m n m e i n t  at ‘ba l i  ,it’S j I t O m  - t m  ‘ i  mu

‘I ’ hncms . c i l i s t  h un uu n ’ m ’ , ouu u mf t n u t l m n  lu a u w i t - k s  l u u h F  t n u i m i m t i t s  i ’ m s i u l ’ I  u i l ’ t ’ t U ’ .
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5 . 1. 2 ,  4 i’ m c Lm t i r m i

‘r ids ivill _ lhci  ut  u n  u ‘ct u’ u- iill- li’ pm.~~’t im c tl I t  u - l n u l - ) i n t  t u u im i n p h u -t ’ m u t m it m i s

I h u b  ,t  ii mmii ’ ( i t  m i n I ’ I t  I’ u it ~ ,u r ’ _ u i m i ’ t  u ’ s  c m u ’u m ’u’ fi i_ u i mccl. null mi t t h u  - ln ,i m i t  ‘.n , m m e ’ I haS m a

ml c i t  rm’ u- m n t l v  u - ” Ss ls  n nnc h ~. u - v t ’ i ’ n d  5 O n u - I ’ m l n i u  n u t  , i~~ t 11( 1 1  s , m m m c h  u n  i ’ u v j h u ~i u u

i ’uum nt u ’, ii ’ tuu u ’ a ln .ui ’ u l i i i  m t - c l _ t i l t  ml  u ‘ c p t - m ’ t i s u  I i i  p u - m ’ b u u m u n i  lOt l i _ a l —  ~u i i d  i u u t t  ‘ u ’ , u t u  Hu t -

‘ u n’.t li t  S.  ‘Tine (“\ V u ’ c icii n mii s ‘ i t  tu ’ u i i _ uh c!  i ’ u - q u . i i u ’ i  m u m  c ’ a m n t  m ’ , u t ’ t u u r u r  i~u u i ’ i i ’ u i i t i n n i t  . t n ’ . l l i t ’ ’ , .

‘h ’ lm u cli ‘ u - m t n l n i t u -  l ) m - m i s m ’ n m mli  ,nu u i u l d  u u p n i m t -  u il t u n _ u mim i or t’ u un i l  i ’, i m ’ $ i i m p in s  t i n ’  ( i - i -

pu i sm i•s t i ’ u m m ’i t  l i i  MDI , .  -\ F’ \’m I  , m u m ’  S,\ f ’ ml - 5 )  p u l l s  I’ i t l i ’ t i i t i , l i l  n” p 1_ us  ( t , , l i . m ( ’ ’ ~i u i a i —

I inn It c sI m i _ i i n n ’  ‘ u i t , a  l u l l  -

i ‘v I i t t  ii - in liii ‘n ut ’ mit ’ d c m t  a ‘t In t’ I i u t m  , m t i d  u i ’ ’  n m  - an - - i is  I i  mi mi - ‘ m u ’

l t i l i t n i l  i t t t t u u l c l  hu m ’ t a h i . u j i ’ t - d .  S i u i pp i m m s  u s C  t h u  t 5 n c i p u ’ m n I - u m l  .m m m d  s i u t i , i l a t m m — -, ’. i u u i n h i

. m l a u i  h ut ,m p i ’ c t m I i ’ n m l  inn m i t t  r S i i l i ’ i  liii ‘ci m i  n t - l i ’  m m m l i -  ‘ m m  h i _ i l k ’,’ n H ( n l i  i l , u t t u r n - ,  ‘ i i ’

i inst rim I t )  ‘‘ni t . t  ( j u t m i  ti I u t il (I h i t i t  q l _ i i  ‘i m l .

5 . 1. I l ,  S h nlu i’ Im mu n u t  wit h S i tu
‘[‘ lit  ( ‘ S .V s h j n l d i u l ’ ’ . I t - s t  s h n u u i _ i l c i  mu l t t - m f n m ’ m n n ’ c l  (ku I~m i i s i , I l i t -  m u t u a l  m i _ u c t i u i u u

m I t e s  ,m  I ’ ’  ‘ m u m -  t i n t ’  s u I t  is  i m n c n k f i h h t - c j  , m m nc!  i m c t u ’ i u  S . .  \ u i t - 1 , m 5 ’ i i i  bitt- c’ , u ul s l m a l i  mmi ut  U I )

I~~~~~’ ’i i t (Iii ‘ ‘ ‘ H a t  rumtion m in I S  l i i  i n c ’ u t ’ u ’ u  S. I Y a I I ’ i n t t  l I n t  P01 I i  a l a . s l I m

i m i t i  i i i  i s  ‘Ia. i t  ~ l . m  ‘ l u  it, coci lci mu umn t li _ ut . n’,s I at c l i n t b r u u m n u  S i t u  pm i’ s’ ulnt t I cvi ml i _ h

t i m  m t  ‘ n u i u ’ i u l  b u m  I u m r , u l i  n c m n d  a l ’( ’i ’sa  l u - s t  p n u m t t s .  lii ,t I l l  Ii I ( i ’ t I  P01 I i  at , ia  i n

l i i  ‘ I I  h i  t m - i  I t  51 , ~m p u i a a i h d h i t v  m t  u t p s u - t  ‘ m m ’  u l , u u t n  u i _ _ u u - x i a t s .

~~~ I .  .5~ b I — ‘ I t  u ’ h ’ m n i s 1 m i t  3

T m t ’h i m i q c i u -  :1 ( ‘ u , i u s i s l a  m i t  , m t m n c l v a i s .  h i s _ It i t  t u  I 1 im t l ,st m’ ,u u ii , m tau ll . ,wch

11() h ’ I ) i i ’ u ‘‘I 1 ) m - t v ’  I P’) .  ‘l’ t- t ’ h n m n i i 1 i u u 3 d i f l S ’ m ’ s  f nuui nm 2 ju I t t , u t  l m i n n l t  i t  ‘,‘u ’ l  h~ u l i  I S

lins i S r.m t i mu I ’ l l u n m u i  (‘N u’ , u mh i , mti nm n. ‘h’his m u V u  m ’ u ’ u u m i m ’ ’ a  liii s ) u u m i ’ t i ’ u u m u u i t r ’, ‘ m l  t ! n u ’  (‘\V

~mp p r u m n u - h .  w hnb’h i  i s  l h ia i  si’ a t u ’ i n n  ‘ - l i _ m i l l  m I s  , m ‘u mmmi i  h r j ’ , t  m m I s ’  l i m i t  u t m c  m n u u m m h i t u u  u I ’

h i ’ u I s. I m u 1 1 m m -  ‘ - n i a m -  ‘ i f  ci u i - c I i — s b t i u - k k d } m t m i l d t t  u s , s 11( 11 m s  S i t e -  I , b m m :i _ t u  l i i i  I

p i _ m I - - i m ’ . u m h t , u t  i n n  p t ’ ~ i m t m ’ s  H i t ’  , t u h u h i i t u u i t , m l  , t i h t ’ , t i i t , m r ’. i s u b  hu iu i , h i t  i~ I t  i t S  s u ’ , i i , m h s  . t t i u h
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nu  u ’ m’ u ’ c t , ’- c t - mt  t i v n n m m i u ’  i~~u n - t ’  i l l  l i - s b  — ‘linus . s u n - i n  a mui n i hu i tcub i mm un cus I i - i - ( n n n n q w ’  3

t’u uu ld p ruu c’ ichu - i l i s _ h  th reat I u - t u ’ l  i ’ n u i i . i l u t i n  l u - s u m ’  . e c u m i n h u i n e d  W u l i n  t c m m ’ i h i lv  i ’ t ’ a i t u m u s s n

i u - a l u l m ’ , l .  n i l n u l  h i s _ l u  Ii i- u - I  c t m m ’ m - u ’ I  d t j t ’ c ’ l u - s t  m i n t  miii a l l  i i u ’ I ’ t i u l t - i s l  i ’Obs  u - n u t s  t h t m i _ m~~hi _

is ‘, au-c h u t  , i c I u - s l m n ~m I u-hi’ i h l u m i n n i t t ’ d  ii th i e _ ’ h ’u i ’~l m l eve l  pc ml n - c u -  r c m c h i a t i u u i n .

5 . 1 . 3 . 1  , \ i ’ n n u i’ .u ’ ’v u u t  Data

5 . 1. 3 . 1 . 1  ,-\nalvs ts , As i n d b - c m l t ’ m l  in P c iu ’a m~r aph 5 . 1 ,  1 . 1 . a n c m u i c c l v t i e  c m s s u - a s —

n l t ’ h u l  i i i  t I n s  h - p u  u t  Ic u ’i l itv m an lit - (‘O lli I n hi’t t ’c i h I  t i ’ i th i i i  appl’u a x i r n c mb t i n  25 tIP

s t a m i c l a r d  c i t - i - i n t l  ion .

S . 1. 3 1. 2  ll it , u I hn l u - i t - I  Pu l se  P a d i n m t i u u n .  Tine u s et u l l i e s s  t i C  cm hit s _ I n h u t- u -I

i - c i m h i n m b u - S  pc ul sc si mu la to r  can l i t ’  u’vc ilu u n u.lt’d from two c iishiul u - b p t ’ m ’ a p e - m t i \ ’ u - n-_ .

I)t :pend t um un , on mInt ’s point u u f  t I u S t  I lit re arm> I’,i’a m se p ar cmtu’ c-n It- m i n i  - ‘ l ! i i -  are’

1 . Hue adcquac’y u t  tOn ’ s i m u l a t o r . i . e . , t O l d  I t - v u - i s
cii h t ui lcI n ti _~ dept h  ( ‘t sm pa re Ch I a ,  t im e  t h i ’ t ’ c m i  h i  u I  t i c - I d
h u - v e l s  at the  sau l l e  ( he p b 0 . and c ’u i ’ ru - i u t s  inc iu me ch by
thin simulator at tine POEs as ( ‘( li lt  pam - ed t i m m ’ uru’c m nt s
indu( ’ed  m u t t  s in i ih n mx - POE s 0’,’ cm ti nt -at h u ’i u’ l pcila u’ , ut mi c t

2. TI n e c i seah i l i tv  mi t  tine Sai nt . That is - w i l l  t h u  cha In  takeii
in t O t -  I hi-en con~ i nn uin m is-s 0! in nu ’cm ,au ren n im’nts iu it m’l’uu c mi
bui lds . points— si t— ti ll I’ , v m m l l c m s _ c -  and cur i’eint  - and m I n I m - n —
t na - u ’  i ‘ l i n u s _ i n s  ctiicl c’u m i ’cn t s  I l i t ’  ‘ i f  su ttit ’ien l maiu,in itcide
and t i c i v e ’  s u f f i c i u ’ i t l  at n tu in i h—t u m—n iu i se i’atiui s (m m alluint ’ m a r
I’ m ’n ms m m h uc c t u i m -  inten-pretation.

F ron t  3e Cti i ) f l  4 .6  ‘nt’ ‘-c(’C t hn c m t  t In e  field s mducecl ntt tine tn 1) i t t tine

bu i i c i i n n  (5 me ter s  I u t~’ h um w m~rade I ni t - c ’  apj )nuximl l a t c l V 13 i_ I l l h )( ’h c ) W 11 ~\ i i i  thu mcu se

i i i  ‘h I M  PS cuid ‘ m t - n i ’  10 ch I l  , t h m t i - t ’  I h A  u n  t h e  u n m a n  ‘ u f  511 ( 5- ’ . This u n i t - c u t s  t Int S

ti n e TE\ I  PS a~ mu l a t o r  produ c es smal h em ’ f ie lds  t i t an  t int - e at  , hi_ i t is s t i l l  ill  t in t ’  i-c a lm

-p of m cii  ‘ m l  U cm t ( ’ s innu l  a t ion  . Out tine ’ u u l l i t ’ r hand , th e Si 1-3 MI  ty pe s innu la to r  I)r~ du(-es

s m n t u l a t i i  t in i n l n u u ’ h  is nmnc r m ~j nal at h a ’s i  lw ’r aum se it  d i i i ’ s  i iu u t  t ’ ’ cu ’j t e  t he  PO Es m i u t s i d n

the buried arra y - Also , f r o nt  Su~~’l i u u i m  4 , tnt ’ see tint I (‘ci r rt’ iit I indcl(’(’d urn (s_ul ) 1CS

I t ,  c m TEM I’S s i n nu l at o r  ( e - t ih l ( ’ s  U~ t I m  100 m e t u ’m ’ s in I e l n n t h l  n mi’ u ’ aI)l)r (mxjnnat(’lv

14 513 below thr eat  m u m  r u  - c i a  t im e SIEG E sin tu l ato r  by i ts  i-cry nature  pro vides

n t ’ s _ h i n ’ t i u h m  - ( ‘ x c i  t a t i m u n  f u r  ci then h u r i m ’ c h  or mm v er h c a d  rabb’s . Thus , for a Ian -~ e

bu r i t ’u i  fc iu ’  i i i  lv w i t h  u - N i t  - utah i-u nunnel’t tin - : IOEs , SIEG II u nit hi t - c’lj nn m ated as

I suIebnh ia l  t h r ea t  h ’ i ’ n i  s i n m u l a t t u r  fon - Si I t ’  I 1) ( ’ e’ , m t l s t ’  ui t h e inadeq uacy of I~~ E

c xc- i tat ion
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i’m ’ mi m i  I ( a  d im m i t  t h u  I - ,m m m —~u - c tl n ,mI inhi I’ SI I- , ( 1- ua ut ot c u n n a  nit - r u ’ m i  . i u t

m u i t - s 1 l u , m i i -  a im ntuI ~tt i um’ , F1- \1PS p ruav i Its sun , i l l  hut , ic t e i 1 c i ,mt i ’  b elch i l l u u n i i u i c m t  l i i i  cinch

P( )b i ’ \ m i t _ L t m m u m n .  \\‘e sin _ ill nuni’ ei’.clcmccte the u n - n t ’ I’u lncss  m t  h u t  I i - . ‘i _ I ’ S s i n n u l c t i u u r

in an VM P i’Ul hn t ’m n tiuii it ’, ’ assu’n a n s uu ’ mut pt’~~ 1’ctm uuf a ‘ n - t I I - - t in  mu l ched  s it e  si_m t in cm s

H i l t  1 , l i t - -a’S upt um i t i n t -  at,’mmmu ’tch c t - i t e i ’ i n t  — u s c t b i l i t v  ‘ a t  the data,

Reft’n’x’inn , u u t u ’ u ’  m s _ , m i i i  to Sect i’m -1 , tie au’t ’ that thu - ‘ I ’ l l  \I h’s induced

1s’,ik elect  m ’ic ’ b elch , m i a d e p t h o f -5 nnt ’tu ’i ’a us ,t 2 . 0 x 10 i~~u i l s  per tint -It-i’ , As

l i n t ’ i t’ , ‘cu c m a S u i n t e  ,t C m m h ) n - c t ’ b ’ \ ’ , m b  lie HO SR h el d  , c t t t - u i u , i t m u n t u  due lii hui ldinm ,t

shield d u n , I I u u u  I’1 \1 PS i n d u c t  - ci  f i e l d s inside the hci i lc ht n g a t’ t -  of the iun cher ‘if

2. 0 ‘. I 0
_ i  

i- s ‘Its l it’ I’ met e r  .-\ t  the 5 meter  dep t h , tine 11 I m eld m nctuc’ed

hi- TE\IPS is c’qual I’~ 0 . -i n m n d t ine I t f i e l d  is 8 . 0 x lO~ - t hen ce . t h e  m n t e n ’ i ’m r

n i c t s _ i t i - t i c  f it - Id is 8 . ~ x 10 
10 t t ’ s l n m . Tin e r - i se t i n m e  imf tine t ’ x t e n n n t l  f i e ld

, i t  ( O h s  he l l hi  is c i ç m n a r m  , x i z m u c t l  c -I t - 01)1) n a n m i s e n’a ans’ls . Assuming ,uu i interior

n a t - h um of ctl)I)I’ mmxjfliti t ( Ii’ 1 inh -m’ ,u su ’m u i u ucl , P 8 . 0 x I0~~~ -n- I x I0 ~~’ - 8J  N

10 
- 1 

nt ui c i  u s i n i ”  the l a r s t m - s t  m - u t m a i v a l e n t  n m m ’ u - n m  M G I .  It S u ’ u n s a m n ’ , wh ic in  hunts es u uv c i -

l u-n t , uu -u- c i ‘uf I I , I nue ’ l t ’z ’ s  s ( l u cu r ( ’ cl . t i n t s  t i r e s  an t iu t pu t  su n ltt n ul u f  8. 0 x 10 1 
vol ts .

I h i s  a i mli un t i is m nithn ii n l i t -  dymn ann ic c a lm s_ u’ ‘f i m u ’ m - a u - u u l  t i s c i l l i m s r u u p e / u - , i t i u m - i ’ ,t

i - u -u- mm i ’ ’ t i u m  ‘ av sit’i ins ‘uu th v if cm Sn SR amp l i f i e r  is used - i1o~’ever , this i s t h i n

t u t m l  i e ’ i h )  lu-tb p i - cmk c’a limu ’ : m i u ’t c m j ls of t ine tinn ’ hn is tt ai ’ m’ ~u uu ’h frequency u -m i u nt t i ii nutu - ,’

l i t - d i f f i c u l t  I t t  i i m t t ’ h - h ) i ’ ( ’ t .  M a l h - u ’ ( u \ t ’ r , should total rnnagnetu’ attenuatitun - X i ’ c m ’ m l

HO -III ‘ m i m i ’  n tmi a ppre ’cia b le h ) i m r t i u u m m  ‘ i t the EM I’ frequency band , t ine l)eak fllcmv lit ’

t u , i , i smal l  t o measure n t n r u r c m te lv  - ~ ni t  i _ l i - n i  t ly  the e’uumn verse is cmls u I fr ue ’ and tIn t ’

s msn al s mcmv l i i ’  1 cmm ~u ’u’1 - . ‘ l i m e  s i tuat ion ii- ill he further t - um m pl i (-ated by tint ’ imn ~n tal le c i

P eq ui pnnerit which u ’nhan cc s t i i i -  I sh ields fiel d in an nonanalvt b-ally l) re d i (‘ table

manner . Fn-ont this we ,-,m t m u ’l u tie that TEM PS is nunir it in a l cia cm t u t u  h inc i pp im inc .

int e rior field level .

W u ’ shall now i) r o(’eecl t a t  evaluate the  appl icabi l i t y  and usah ) il i  ty of

the TEM I ’S simulator f m m m m n c t s u h ’ e -  coupling u m f  fields directl y to external coup limi s_

— Ic- -.



p ,t h hm a p i ’ s m u ’ 1 i’ , u h i O f l ~$ ) .  F’u ” it ’:u Sect u n  -I , ‘cc ’ ~~t ’ e  t l u , u t  c ’ u l ’ r u ’ m t l :  i h nc iu c u ’ , i  U~~Oli

l u t t u  us 0 c c t i m h t ’ s  11 t i n t ’  5 min &’tu’ r dlnptin f u ic t_’,iiub’ s hotit ml) ,uu im l t OO m d ’ t u - i ’ s  in lemn s_ tli ,

t l u t  a s _ m u l l - l i t  ,mi ’e  iii tine m u r d e r  of n p to 00 amps. For s_ re ,mlu’u ’ ni c’ p tin s t l n t ’ nse

ecu r i - i i i  a are sn m n c lb ’r  . thu - ‘u - b u m - u - , t h i s  is ,i  l u t - ~~t c Lan amna lvsis as far is incluc i t t s _

u n’t ,thth ’ s i s_ u i , i_ l s tn cc i ’ , i _ lul m - ,\ ssuni ins_ ~m n m - m v  I ’ m Ii at - m ’i ’ , i t  i t ’  c ’cthlt ’ shi el c l lnE t e f f e c  —

t ui’ - n m t ’ ~~,s s u b  P t ) c h i t , t ine c i u i n u un t  s u b  t h i s  I m u t , t i  cu i ’u ’ e ’um l  im nc iu c ’e ch on tine i i i t e r i o i -  bun d le

‘ at - u und uctu un’s ‘n’ ’ulci bitt in t i n e  o rd e r  of 00 in HO u n n i l l i v o l t a .  Th in - u is ind eed ,m

u u n e . u  - a i n S  l u  - ,s i a.~nctl l evel us ins_ Si un s_ e.’ m ’ t ype  hu lk cu r ren t  pi’ m tine s w ith t r a n s f e r

t u u u ’ m  i i  i n s  if I ibm . E l i minevel’, th i s  has ix’en such an ‘ ,“ a’e u’c h i nm y, Iv c m l nn - cc ’ r v c c t ive

c ’v.t , h i _ m c i t i u m n , i n ~l mu m r i u m : : . such t u t u - n-: n m a :

1 . The division i f  t in t ’  cn i ’u ’  c U r i ’ t - u n l  c 1 n u i u m i s ~ mcd iv c ’onc iuc -t or s ,

2. The ntdd it i u mccl -10 I i i  I n S  t i P ct t tenun t t  m u  nor m lumi teredi  in
pi-upnis_’cu, t ii ni t i m  m m m l  thc point of penet i’ctt ion to the c r i t i c a l
i u i t u ’ i ’ t~m m i - ,

3. SI n’ t ic’i bit s _ b rnluiah sii~n~il c’cm,hlt_’s l u . u i s _ ’  c’a umn sidet’ ,thhi’ nioi.C
tO ni_n Is _ h SR -01 i u’ hii i un -~ u t  h u h  iveness. auth

4. Tint ’ h u u i e c i  m , m i n h u ’ a  w i l l , in cm ll priubab ilit \’ , he burie d at
depths I i  - ,mt a’t’ t h na mi 5 m ’uete i - a

- c -nu n i’ m - , i  a u nu , th ih n’ (-oh’i (-lude that  c m l t h u u u ’s_ h n tint ’ i-c ’ is a. hi ’s_h pci ihcthil i i i ’

‘ i t  u . —s- f ul  Sc itc i  i m u - i t u : n  l , t I - t m ’ u t  on s m u t s -  i n t e r f c t c e  ci t — c- i _ mit m ’ n e , u a u r u - m n t t ’ u m t s . t h ere is ,u

i u -rv sin’i ctll 
~~~~~ 

ihn thil i t t ‘a t  lit ’ i u t s _  c ib le tu )  t t c h t ’ c 1u , mt e l  V n t c t p  t ine  di n - u t n i h u t i u u n  of

curt i - i t t  a lln rai u s_ hmu ut thin’ tn tril it v and c I e t e r m i n in s ~ h i n t ’  I m’ , m u n s t u ’ m ’  fu inct  i i u u i a  f rom
fie lds  I ’ u  m c m l i  u’ , S p ‘ m t  a with ,uu ni - i t  ‘ ,usOflaI)lC (h e s_ m et ’ ‘ i f  ctd’ ccnr ,tc ’i’ - I l ence , we
(‘nun Ci mu ch _ tim the ‘I I - \1 PS s im i i u l c t t o t ’  is mio t a u sefu l a um ’m tu lcttor for p em’ fo rnn in’s_

h ut’ h yp e’ s i t  f u I l — a e ’ , u l u ’  I M P ~cmls ( ’  i’ cm ch i c i t i u i n  f a c i l i t y  t e a l s  such ~is  h in t s  heemi
—- ~~ i mu - l ’fi )i’m nn c’ (i in hIn t ’ l~Hi’ \ll~1’ P m ’ s _ m i n i .

i l ni ’ , ’ m m i : ’ shownn thai mie ithcm tint’ S I I : ( ; I - ;  nu i l ’  ti n t- I ’ i - ’\l PH sinnul ci t u u r a are

i’l t -s 1 u , i t u ’  I ’’S for  i u i ’ n t m i m ’ u m i i u i y . ci ‘‘classical’’ t ,it,’ ilit v }‘~ m 1 P tu ’sI - one c-an rec t su umn —

i _ l u ’; .ma k , ‘‘I s hiiC ’r ( - m u t t -  m ’ u ’ .i a u u u t , t i i l t ’  n i p p l i c c i t i t u h n  f u r sucin l uu ’ b t  level pulse t es t  in’s_ ’?’’

in the ‘ m a t- m i t  ci newly m utual t ’ n u ’ t t ’ m l  i )ui l (hin s_ iii (’oi’pi n’nd hi t mct flhl)(iemfl sh ie l d  ( h ( ’ S i : nl

: m u , i l s , nu l l  i ’ m  ‘ i c - r u ,  m ’ i ’ a n u l  Is and tine aiu s u - t i a ’u ’ u u f  any ian j u ly m’ - a p m  a t u s i’  • e- .

‘ ‘ ~ u~ u t  i dam -u- -u - . cm ‘t i c  l i t  s i t u ’ s  nme n tn ins _ l h uh clat .i tin S -aic mu ‘ m i t n i l s i _ u l u  l i i  ,u

- .  

5 - 2 1  

--



s u m m ’ a ’ t - s s t i _ u l  t i - a l . ‘i ’i iu s . .i lti s_ h Im’ v m h m’ nm chu , ubm’ ai i L i l am ’ I t  - - - u ’ s ’ n m I S  ‘ s i i i ’ m m ’ a ~~I i _ u l h ’ ,

m m  u i ’ t u u u  - m l  as ci i u muu ’k nutS ain ip lu - t u - r~ ti , .ii t I lt I - s i ‘I i ‘mu ibh u in n si - u - s i t  c

iRt t hd tin ut pt’ m i e ’u u - nih i u  mit il c u m ’ dl u’ uiuui t t - H h n u u l d  a i s _ n m ! t a - a l i t  i t  - 15 I ’ ‘ i is h u m  - c - i m c m u m u u u l  u - m i - t i .
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‘ l ’hi t ’ t-41,ttt (l.Ii’S I, u t I  l u  uS - a t  i l l u u m m  u m u , i t  m u m , - . , u  s u i t  - i c - u t i t  i’ , m h i , I  u _ u i  (‘ ‘m\ t i c  us _ n
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-‘  ‘ m u  S u i t  I i  - r u   u u u  - I t u  I s ,  i _ ui s _ i t t  i_ nit / m u i L  .1 ( \ ~ 
m’ .i di ii tu  i i i  i t  ‘ i _ i s _ i  t u 1  i _ m t  - ‘,‘, ‘ i _ i l  i l  b u t ’

I l a i t i s s ’ t i l l i , I I i i i  ~~ - 1 11 ) 11 ,\1m 1 um’ u m v m t u u i u t ’  m ’ u , - : I  ‘I - - s _ uIuu - ;n l e n t  ( I u t ,u ’P  I m u a N  ~
, - s _ h u rn 0

- i - ‘ t u t u  t s _ ’  , i  1 , 1 1 , 1 1  - m b  1( 1  b ’ s ’ -c t I - - ‘ u I ’  S i t  1 ‘-A i , t u t  , I  b u t  s_ p p m ’  ‘ v u  m u n , t  i ‘ - I n  5 1 3 . 1)11 0 , I

mm p h i - .m a l a  l i t m m  ‘ m m , 1 n b a ,  , t  I ‘ u i  t ‘ i ’ l l ,  p ui ’  ‘ i i i  i l  at c’ , , u ’  I m i  I h , m  I , m t . i ’ . ’  i i  h i  .m ,, a

r i - i  i l l  ‘ I  Sit u 1 i _ i  :u ~ ‘hi - m l m m u u ’~ci~ 
5 c t i _ il ’ I ‘ i i i  u s ’  I 

~~~ 
t t t a l l  ii i i i  t t s , u t  1 ‘ I  5 1 1  7

- - - p
— _ u m u d  ~i 0 I I  I i  -

5 1 5 , , ,  I l it  m’ . a t a m  i i i  ‘ S I ’  .1

it  I n s _ a  1 s t  I v u m u i m a l v  hum i l l  I i~ 
- 5 ,  ~‘ 5. t ~ , m  I 2, , i s l i . , t t u t i m  i t  at a i s _  S i l t

i ‘i i  IS l i i  1’ u I ’  c m i i ’  t I  ‘ m u  - ‘ i t ’  m u m u t n u i b u .  s.n u u i m  i i i  , i d u l  i l l ’  m m i , t l  - -l i _ i _ u  ‘ -k s  b ’ ’  c u - s m ,i i p n m e l m t

- ( ‘li _ t i m i l l ’  I ‘ - a t ’  1’ ‘c i i  .\ s _ i _ m i t  -v - ~t i s _ u  1 u l , m m ’ I c  I u u  m~~I h i  - S l i i  5 , - ,  .u u b a u m  H i l t ’  1 s_ ’  ut im p

1 ‘ a~ - ,  - tO mm ti L Ii t i l t  ‘ u t  I f l  i t  “ , 1 - Sw’ u i ,  i , , j - , t - I I I  n i  m i n t  l i t - .
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5 , 1 . 5 . 1 Pn - s_ u ’ tt c’ ,m i_ti ’.

11 m m -c i_ ni uu l ci be ‘iii et~I n m -u s _ a I ’ ~ pm u u ’t  t a i l u ’s _ Is _ i , - i _ i t ’  I i )  ii: 1 1 ‘ - I c I t - I l l  - I I l u l

. m i u u n u u h t ’ t i  u m u m n i h m t ’ n  mb , m , t e u t s _ u C s _  crc i ’ e q u i m u ’ a b , i i i  ( P b  P t ’  t u n im ’ d i i ’ s _ i ’ t - I l i , u i  i -i

u ’ u i ’ c e u m i l v  e x i t - i s , ms _ a l  - -u vi m i t  : a , m\’ ,~t ’tl r t n t t l l  , m n - u - t m u ’ m ’  a . u n i h  c ’ u v j l m , , u n  u ” i t t i _ r , m u ’ l ’ u i ’ t -

h i ve  l i i ’  - n c - m p h  i i s _ m i  i_ ap t ’  m l  u se  I s a p u’ i b m  s_ n it  l u  ‘ t i m  t b i i  LW c u d  t i m e  t ” t u l m a v s t e u m m  it at -i -

5 . 1 - 5 , 13 I t c h ’  - n t u ’ u ’ m  i n s _ u ,  , ‘. i - l i _

‘ - i ’ ’ -  - s siP-i b u t  - l i t t l e  n , t ’  s_i a j u t - i - b u m a  - u m a ’ ’ - ni ’t !li —tel ls _ p , m ’ s _ n i _ I  i ’ tin .

—l i_ mp h ) ’ ‘ u i  I i’ s_ I t t  — , u h u -  u t-i’ - , ir s _ m el ic’u ui_ ilcI b m  tii in i s_ us _ l t i n  h i t - a l  Ii ’ , Ii’s _ I p , s_ t l  — -5 c ’ m t l m t m n  t i n t ’

h , i c ’ m l i t v  , u l i t - i ’ , t t i t s _  1 s i 1 l t ~~i1iCi tt s,a;u ,c i ld  he i _ l t i l [ / t - ’ l - h lme i ’ i_ ’ ma cm ps t - t - m l m i l t t v . a m t a , m i l

hi_m i t i s n n - z t ’ m ’ a a , ll m s _ t t Int’ Iu’i ’els ,mf u - , m ,I m n i i u s m u m  invu-ulve cl iu u a l w  ie~~i fn’ u u r u i  s_ - i - l i  f l u ,

l , m c - i l t t v  m a c m v  ( s_ i Ll  5-  s u m u m i e  i m u l t ’ r t u - c t - t n c ’ ,  ‘ i_ i’ it O - ti lt’ c~’qi.ii pmi’’’n m t c’’—atlUtns _ rut li ’ , atusi’:’ui

tub u - i’ I’s_p t

s. i - 5 0  1 0  ul -s _ s _ 1 uu’_I;_-
J i - I ’ b n ui m u b i _ , t i s  i i l - i s_ t a s_f n s _ n , i l v s m s  (‘ u , f l m i s _ l l a - a i  with hm i Lt l~ iet’e I ps_ I

x’ad tat L I m O .

5 . 1 , ’ L I ,- ‘i _ s _ m ’ c m r . m c v  ‘ a t  h i n t ’  IYatt,c

‘ l i m e  i i 1 ,5 , u s _ ’ n u r a s_ v  ‘ I t  s_fl ,u s_ ’—,t .’ .s_ s_t’m n u - r i t  ‘ u t  .m . y , ’ l I  sh i e l ’ l u - a I  ~tnd bn u i’ m b t  ned

f,ct’iluIv such m a SuI t’ 1 h a-t i _ - t I s_n Tec’Omiiu’lue (I w(mui di he Iiuy titc’d I ’ m  t h e  ~m s _ ci _ t t ’.tc v

i mv m lv t - ci u n  t l - ’  . m m u . m h ’ ; l mc i - s s m t u c ’ m m t  , b S - -. s _ i s _ i t ’  m b  i Lu’ 1m ~ ii Ii’i _ i s i t ’ i t ,mn n i s _ n a t u u i  s i t
’

,m ‘I ’ b- \l PH - - , t ’ , I t ’  I t -  1 , i ’ u , s _ t p m :t i ’ t ’ u i  i , ,  tint h i_ u iIc i i un~, a hmu- P - hi tm :t. ~mc-c’uc’ ,ctu ,t ‘I m t, m l u  t’eluie

t b -  p red iu l u v u -  m t u u u u l u ’ I  ‘ ‘ u s _ i l l  t a - s t  b u t  i’t’IILLl )lV u , h t c t m n n u ’ s I . E l i - m i m e , .m ‘I’F’ ’cI I’S s t\’li

t u - ’ — I  ‘ ,i_ u mu i u l Ii , - u t — m a t  m r ’ i m u t a n i h v  l u  sh Im u t  I t  O s  ( m l ’  s s t l i e i ’  s h e t ’ i , t h j u i i t s  b i ’ m ’ i u t  s l u t - i s _ t m

pt ua l a . l e u ’h unm n b i_ u t - I i  ,u s_n is t - ‘ - m u  mi ttS ,‘ a 2 5 i_ i l l  cut i ,ulv i l l  ,m t -  s _ u - s a u l ’ n i t  pc ’ ‘ i t t ’ s _ i t t

wheat m ’u’ SulI’ u n n u t ’ I t l  ‘ u ~~- riI j t ’ , i em m h t s l n u ’ i a t t - u )  Lv nm Tfl~1l’S t ,  ‘— I . I t  is u i i f f i u ’ m ,t l b

1’’ m~ u s _ i i t m t ~ th u u-eSul b , i u m l  m ’ u ’ u i u u n ’ t i u , u n  l i t  ‘ l i m I t u ’ l t m t i u l v  . b I t , -  a s t — c u ’ t - I - n i u i , ’ i m l  s - t m i t u i , I u  us _ u ’

r ’ suJ tium ~i l t ’ ’ si ml ‘ I i ’  app h i m m t i ’ u m i  u , f  ‘ I ’  ‘ i m n i d l u t ’  P w , m u h c i  i_ m i ’ p b u ~ 25 - l i i .

( ‘ t u s t i i _

‘ T h u  t ’ u t a h  u s u a l  h i m  , m ‘ h b ’ c h  I ’S sI ’,’h e  s u ’ m u s . u l , i t s t i ’  c u m n u u i c u i m l s  t n t  !- ,~um h i i v

I I ’ ’  I . 5 II I  i l l  ‘ ‘ i t  p m - c  t m  a r .  ‘c , nut —ct ’’ sIt h u  - Im st si _ it - li ci a m,’nvjsi, ‘tim -S it mii _ 5u j h at - I

5 ‘ ‘ i

a - a t  -



t’. t ’ t  r~ 3 all I 13 i t t ’  i t t  I t s  (‘ut n ’ Ii t ’ l l i t l t i t ’ ( ’  mm ii t ’  ci m i s _ it t ;  i . t- ,tp pi’ m “ t I  m I s _ a ’ 0

ii ’ ua ~I t . i n s ” -  s i _ i  c , j u t ’ s _ , m c u - ,t n’ i u s _ i S  t i ’  n i - ’ s m c m h t ’  l i n t - i lk ’ , , t u i , i  l m u ’ m c m ’ i a ’  1 : 1 ’  ‘

c” ‘n I m -  n i  m mm n.mi t : s n’ iul d I n , , ’,’ - m ,  h u m  - l u , i ~m- ml i u n l u - - u I - 1 ’ i t  t I  a ’,~~- a and I n’- m m n i~~~ 5 m c !  n m t  m u t r i

m s _ m a t , i-~ .mc’t n ’ a , a t  t ’ s _ t i u m i , u t u ’ s  t a, m S i l t ’  I i_t i_ Sub Os _ nm 5 m he sb( -b (- r n ill s_ 1’( h, bI’i ’,i u - ’:”n ,

, m I l -  ‘- l I ’ S  s_ t i l t ’  I ,  c’ , u u n i b u u u n , ” l  -:ubh m b u ’ h , u u i e l l  , m u u , t l v s m s  ‘ - h t ’ I i ’ h , ia;m u ul , b i’e s_ ul t u’

s_ i “I m u  i i i ’  u m l ’u l i i’ u t  55011 , ( 1(1( 1 ,

~ I - I - 3 I~~i s _ c c t i ’ u u i

tm i_ s_i t u ,  t h u s -  h i l t  I t - s _ i - I  pulac m’.u hi,iu iumn l u - s i  u-ut v j~~u a u t~i_ ’S b- u i ’  Suit’ I

I u - m ’ i i l l l a P - I t  i s  ~ s_ t’s s_ t t l t i . L I I V  t ’ u  s_u ,  1 1 5 , — s _ i )  - u r i c  I t  s_ h cm pm n’s_ni m u l c h  s_h id ’ n II: a ! ,

h I n t  U m i t  s _ u I ,  p~’u u n I ’ c c I m I  d i , - u ’ i u s s c d  tn Pmi ’ oti’ tph 5 , 1  us u - s _ i _ i s i s  u r n u’ d . hi s_ is ’ i _ c - c ,

umn,m s_ l i _ u s _ h i  ~ma S i l t  - 1 m a  cm l u  n . i ’  m ’ m n m p P-’a a, I ’  - t ’Vt’ s_ s_ n l b a t  i t ’ i ‘ i s _ t u b  5 ’ ) ,  ft a - 5 s _ I ’  I ’

l u - s _ i  u - s u i t l a h  i t ’  1 b u t  o i ’ m b  m r m n a -  i i i i l u au ., I O , i ~n ~i_ l i l a  us_d m a ,

- m , 1 - I - -I I ’  i ’ s _ k ’ i i c s _ m i  i t t

\~~~ u~i es _ i  t u u u m u - ’ I  t - , u u ’ l  i t - c . sui t  l u - a t  m t m f  ,i  Iams _ t t . m s _ u l u t v  u s m u i p  l i n u s _ - a l  I i  ‘ m

s _ m s _ l u  i- mi b t ’s_ I n t m i , u L l , - -c c u c ! c m u u ’ u - -- m ’ u m u m , - i m t t - i ’ m b u h e  m ’ u ’ s _ a i u r c  C S .  5 , - i  1’,m r c m s _ r c t ph 5 , 1 . 3 . 1- .

I l u  ins _ I - - -l u’c~:nmu ti _ u t - I s  - ‘  “ I l l s _ I l u  ct -d l u  I ui i _ nt u I l n p r c h ’ i h  c ’ ,cI t m  u s_ I 
~~~ 

up  m s _ i _ n i l . I h i u

m t - s u I t .  , , u ” m i m m r’ u - ’ I , i i i  I t - n ’  5 a , t i t n m ’ m ’ u - c i a e d  c ’ ’~mf i d rice ‘ i i ’  tum u’ u’ u’ , u ’ ct -, i u s _ s _ u i _ s _ m s _n n u n  t in t ;

- - - cs _ i -rib m l , ,  s_u sm m u  ‘ 0, 1 , 1 1 1 -  t m v ’ u  t . i i  ‘lv ~‘. u i _ I t  t i ’ ’ In In c’ I ,;t i  m n u l  i t  m s_c  u i  - ct ‘U i  i t

I ‘ l ~ 
t rt ’ I :  u i i t s  -

3 .  1 - I - 5 I t I u nt is ’s -ta ’ s ~~~~ S i t u ’

‘I ’ hu u m m  t ,t Il ,, i t ’ u un - I t  , u u r v  l i m i t - m i  l ’ ’ n ’ ’ h  — t iuiul , mt uu i ’ r ’ i ’ u I ’ n t l ’ ( ’ ,s_ ( ‘ X h i ’t - - n i t ’

t a m ’  ul ut s _ s  a ’ s l u- n t m s _ ms _ b S ‘it is_ tIm e t ’ m s _ i t s _ t v  a , t  him ’ - c i t e ,  l b  ‘ii m t  ‘ -  c - ml I I l nu - ,, - i t  a l l  5

m m i i  ~- h v u  - t u u m i  V hi - mmt pm ‘I ’ d I” , s_mu  i t O  Ii i ’ .u tm ’ s _ i I s  I l i _ u ’  sit ’’ u i  tOt ’  t e r n ’  im m ,, h i i  t m  h l u - a t  s_ -

- ill t ic’ ml iii -s u - i _ t a  I ,  - us mu u- ne ’ I i t i m b t l t  - ‘ u I , ’ u - u - Is_ i” ‘ii l u  it s s u m ’ i  u s _ i l  s _ , m s _ m h  ul  i m  m i t  -

I l u m c m i i ;  , m I I  at uI I I ,  i t -  mn , s . I c u m u ’  ,tmm ’ u - : ; u . ;  I t ( l i t ’  s _ i _ lu’ s _ r u b  t ’  m I Ite ,ai t (’ s_ p t’  c , t t  tmni ~ ‘~~~~
‘ n- - u mi mn c’i

‘i , , ti t l ul h u t  I’ m - a l i t  I i i ’  I l i i i ’  a t  i t  , i _  - s _ - c u l t  i t  I l I t  i - m m ;  i i i  -u i’ s as _ mi  I ,  ‘m I s _ n i t ’  i c u l s ,

I u m i i u  - m li m i ts _ il l u- i s_I I ’  I liii- p uls _ u—nih uilm b ’, il II , i t m n ’ I i s i s _ u i  lIit I u ’ i’1,i 1 )llm mml

ci ~, i i u  . a t ’ I t ~~i t ’ , i - v m s _ I s  i _ l I m i t s _ n c  p t i n - - t s _ m l u l i ’  I ’ ’  p t m ’ u i t c ’ t  , m m s _ L u i ’ , L t ( ’ i i , i i i  , t  Il t ’ii ’lv (‘, tu t-

t r u t h - I [‘, I I ’  l i c t x ’ ck ’ i t e d  s i t e , l m t s u b t m , m h u d m l ’, ‘‘ I t i t m m i ’ i ’  I b i s _ m u  i n ’ m , u - - t s t m t , u l  l i ’ , u u m , - t u u ’ i i t

n i t  u - u’ru pt u ti ’’ u c i h m i  b , m  - i t  - i i  u i  um , i l l

Ii — 1 1 1 1

—
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13 . 2 SI l l -  2

( S u i t - c  i t ’  S i l t  - 2 is s _ l in t is _ us Is - u ’ m~~u - I i s  ci h u m ’  u t ’ S  s h u t ’ I ,  -a t  l u l l  k i n  I m s - i i i

- 1 1 c m  b m i _ u i l d t m i - - n a c u ’~ n it m i _ iv Ii- I l i i i , -  , t u m  i _ o i l ,  p m ,  I l i u m  ‘ nm ~‘ - u t , i i  l i _ t u t -

u ,  :, u 0 t h  a ‘ - ‘- I n s _ in - m m ”  b , n n i ’ u m ’ , l  m a i l  s h m i  m l ’  m I  - b a i t -  !- ‘\ I P s I u m e I d I n i u t  nui ’ m ,cu u u i b i t 1

i lul l it - i i  i t -  t i  ti , i  l i l t ’  m imi _ m a u p ” I Im is s _ a m  a p t - u ’  m , m l  I ~n I I ’ i un  s i ’ s _ l i ,  i l l  ‘ mn l I i u  - I - m i t - I  i’ ,a -

i j s s u m  ‘ ‘ I  I L ’  , ‘ c u h u h u - s ,  ‘ l i i ,  p u l l  n u t ’  S i m e  2 n m - - b  m a  a l m s _ t i _ r u  m m i  I ’ u p t u i ’ e 2 - 2 , ‘ c p u

. m a s ’ m , , I  s i l t  i ’ u ‘mt S e n m t i _ i l j v ’  u t  t h i s  mh ,m ”u- u u s “ n i u a l i _ n m l  i n n  p h i _ i _ m m  v r , - ,i m m P -ru,~~tn m 2 _ I

0 m m  s _ c u -  u s a  ‘. i , u i ’ t ’ p c u i c l m  a , a ‘ n m m . m i ’ ’ in u - n  . 1 1  b b m u s  s i l l ’ , l i m m l ’  , u m ’ u -  l I l t  n n u n ’ , s - s i b

(‘Il l-l OSS s _ u i ,  s _ n cm~ l I n t - r u  n u ~~ t i _ mm li _ .uc s li ui- ’ I I t t i b e l a n u u s  a ( ’ ’i_ ’(s I I K I I s  - l i ’ - ,

, u u m  l u - n u t ’ 1 ,p mn - ’ a inn c m i t ’l y 2 2 5  I t-i I ‘ I i ,-  ‘~t~~- a I  m t  b l u e  t i n s _ n  i i u i l c i i s _ t  , t u n d  m i s  i u l , i m ’ ’ ‘ I

‘ ‘ m u  ti_ i ’ m , ‘— t  -~~i’ , , l ’  I , tt t - l’s I b m ,  u - i l  ‘ l u - a  t t a  su n , m u ’ l u  a ‘~ t h u  - b u m  m - ,l ci a l - m i im ~t a  ‘ t u b s  i I

s_ n ’ ‘it m i h  it ‘ c l  , I I u i l - i i m i n i  I n c h  ~ u - ‘I ’ ln m ’ a - i l i I ’S I hu t - mu m c m i i  s _ p p m ’  “ m i n t s _ I C  iv II I I I  tu  - t  - I b , th u -

Iu ,t i d i  ii’s - ‘His ~
‘l i i i  b L b i ’ t  I - 4 i - . a  ( ‘ i t - s  l u a u ’ a~ u _ i t ’ - lv 2 ’ ’  jun di n m mnn I ’  I’ c tm n i _ b ‘ -nit-hi

hnc i ~ cm 1 0 ’ ’  I ,  - , , ‘ I  s I n  i t  - I S u ’ u t  - i ’ , ~t I s , cu 1 0 ’’ i n  i~~ s _ I  i l l ,  mu I i’ , ’ n lit  ci dmi n I b  ‘ mu I ’ ’  I it ~

. i n i ,  h a l t  -lt sie tl , l h i ’ ’ i u  - t h u - i ’ m uu . ~ ~i i e  I \ l  I , m a l c ’ u  a s _ l i  i t s _ i .  I l u e n u  Is - u ”

I — I I ‘ t i n  n u u i m ’  i ,  u’ I ’  m t ’ , u I tm h m ’ p l u s a a m  I t  n u t  I - , i I ’ I ’  it h i m ’ Ii in  i t ’  m’s l i t ’  s _ m i  l i i i  uitt — ‘I’h us

1( l t 1) 11 ’s _ c ’  ‘ .u  I ‘ i t  - i t -  I t u  a ‘ n ’ S, (‘ I~t u i _ i t i n t  is u i_i t c I m int -a .1 l ih~ ” ai ”t i h U t c O t  f m ’ s ‘ p u  ‘ hi t

, u ~~l n i b s_ v t  s _ is _ m i _ mit - I ‘c l  l u s h  I S P  ‘ ‘ - b  m u m  Iii - mm - n I l _ s ,,st m u s i’ s_ i c s b  ‘H

t m m iih dm ui- _ u I lm t- 
~ ‘‘ , i _ u i ’  l i i ’ s u n i l ’  I ’ I I ’  - u ’ s un ’t . Pt ~t’ u - i ’  u ’ s _ h uh ’ a i _ tm _ u - u-n t, ’ Ii ,‘ ta ’ ,a ” — , 1 i l l

cm ‘ t ’ : m -  t i _ m i t ,  h S u m - l a  u ’ ’ ’ m u u i u i t  u s  4 ’ ’  i i i  i l m , u r i t , - h , - u ’ . ‘ l ’ hu u u’— , c ’ , a n , c t , a i IS .0, 1’ b m u n m ’ I m ’ d  s_ c p u ’ ’ m ”, i —

m c mli I t  ‘ s l a t  - f n m m l 1 1 m m  I t  c s _ i - s u I t  mid a m u d  1 1 m m - n  m c i i i  I i  i i , ,  p s _ i _ u  - u’ l i n u  m u s t ,  ‘ c n n  i u ’ n  I ’ s - c u l t - c l  n i l

t h u i m ’ ti’I ! , m  .1’ s_ I ‘~u tlu- ‘ b 11mm- h m n m i l d u m a t ’ - ‘Fi _ t i u lt’ 2 — 3  sui n u i t t cu i’it, - t - lint’ n m n tu-uu nmcu n t i s_ i

(‘ c u tm s lu h l - - u m m - t i ’~u 1 i ’ m u t -  I t m  c u t s _ m i m i  S u e  2 ,

Thtu ’ le st l i- n ’ h lu u I ’  I P I t  S ~t - I m - led I ‘ m u ’ ;t p p h i a - c u l t ’  a l l  ‘ i i i  S i t u  - 2 iii ’ ’ I i a _ I t  - -

I , It’r b uu u p u l t -  2 — - ‘ c s _ s _ R a t s. ( ‘c’s l~~c t , i i c t t i u i u i  1 t ( ) i  I ) m m ’ u - a I h ) u ’ u v u

2, ‘l u ’ u - b m t l i i f l u m -  3 — .- \ i , n u I i ’ s i ~~, l i l a _ _ I t  l u - i _ u - I  I m p 1 1 5 ,  U c u d i c i l i u ’ n  h U b
I )i rm- rl I ) r t i _ t -  ( I ’ -

.1 . IS u - b u s _ s I  t i m -  13 — A i m c u b v  sis - 
( ~s\ U i _ i t t  cml ‘un — SuuI ’ s t ’slu ’s_ m till cimc’ k Riux I

‘ lu - a t  mim i

4 , ‘ h ’ m ’ u ’ l , m , i m 1 u m u -  I ,  — .- \ u u , , I v s u a  . ill s _ li I i-i -I Puilst’ Ui _ u Ii , u h j mmn
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13 . I i ’  lus _ iqi a t 7 - ,- \m i ,, hv aia , 1 a s ,’. h i t  I Pu l se  U , , m i t c u i m ’ u m i , P01-1

l ) u m ’ u ’ t ’ I  I ) m ’ m i’ t-  I i ~ ’

0 , ‘ l t - , ’ I m n m l q i _ n u ’  S - ,- \ u u , , I v s u s , i ’ s ’ s  I ? , u , l i a l i , u n i . I k ) I ’  H a u l  i - i  Drmne

i ( ’ W - - l’Oh -I D i i i  s - I D c i i ’ - I I ’

‘ I t  , ‘ hm i n j u b i te 2 ‘,‘, m u i t l ui  t n m p i , , n ,  ( ‘\\ n , h u t i c t l i a , u i  I ’ ,  u~ u i s _ k h v  I l - S I  a i I m  s h u t - I l

d l v  - \‘- i i i u u -  i’ m , m c u -  l u - i _ n  i _ i s _ I t  u nm ii _ m t - ’,und i -x tei’ n’ i I c , u t ’ l i a nut -S ‘ m m c m l i  ‘ I  i i i  tO t i P s

Si ’ s . c h i n ’  i - I  d r i v e  ‘1 t I n t ’  I ’H V s  I s ’  t l n u m s u -  i i  n ,  is p i ’t - d i s_ t e d  liv m u s t  m nn j phi _ b b i ,tt i li-

a u p  i I ’  - m l  I m ,  bu t  , , i i  u m n m l t  s _ i s  u i _ I t  m i _ u  I i ’  c m m i t u l v  sia  ‘ - t I ’ s m l  i_ vu u s _ Id  m u os_p it  l u  - t i n t ’  i_ it- S ’ - S t - s _ m m  ‘I

s _ l i _ l i  I I I  i _ u t ’ .

‘I s _ b u t t  m m  mm - ‘,‘. u u s_ id cml s,t us’ - ( “c ‘s m a c h i n t  l i ’ m m n  ta u lu sh  St  I t  - a l i t ’  - I d t m i l l  - a ’ d i  I t  -

D a t  l ’ s  I I : ’  I i ’ t ’ I h b ”  n ,tHI  a im - mup h i s _ i l’, uuf c mm m t m’ t uu ic ls cm m ic l c’ s_ hilt’s a u s_s I I  51 cu t s _ l i_ s i t -

I I  ‘ l b  \i a u c i l c i  I s ,  m u l l  t a t  p m -C 1 I a ’  - -~~l i s _ t i _ l I t  h i s  i _ mu d I l n m ’ u u upb m m l i i ’  1k) F a N - a  stmp hu a I m m - m i ,  c i

c m l i  u - t i t u s _ s ‘isIs 1 1 m m ’  d ims sj b s’s lbs _ I a m t b a s v s l t - f l l  It- S I t -t’u ’uIci i h i e m i  b , u - u t - s  , b t o

‘c’ - S m ’ - I m i p s m  ‘1 u t , ~ , a - ‘  I bu ck s _ b a a I d s  u s_ cl s_i c i u ’ u’ umit - u t  as b i t t  -

I t  , ‘ l m m m i t u u a i  7 w i _ u s  t-’ It a b , - c I  n ’ i u i n , u m t l v  b s , - m - ct m ia t t s r  h u e  h p l m ’ I i m U l i _ u i ’  a t b

i l l -  a l l  I I h m u ’ 1 e  i_~ n u s  c ’ , ,~~, u m m  I m u  1 , - h i ve t i t i _ u t  I I , m ’ s i l t  sh o u ld m i n i _ t v  h i _ i n c  i i , - ,  ii l u - a s  I b i s _ t i

m l ’  ‘ i u i , t i e  i’L l ‘ I i s u i ’ u ’ , t v h m i l e  S i t u ’  2 l u c i a  i _ u s _ hni , -lul , its m s _ h ’  - u ’ m l v  is i -m v l im i t  u - m ’ l n u u l i  -

I III ~ liv l a  1 I~ s i t  - is  m u - r I c h  n i t ’  in lu a u ’s_ t ony ivi t i n  l int ’  t c u m i  I b r a t  I - 1H , \  P” ‘ I I  I I j i  ‘ m l  i t -  u n i t

,m ,,vid i - I  l iv. I ’  i t  I pcm l a ’  r t , m t i ; m t i m i r t  i s  tltt ’n i _ u n ui _ t hnl e lu-st cm pp l ’ i u l m ’ t h  ‘sm Su lu 2 .

l i_ u -mci u ’-’ - u t  l i m e  i ’ u - i c t l  i t ’  - suntp t 1 ( 1  I ’ , s u b  I I t t ’ situ ’ , cm m imiud es t i_ mnn m l v si s u ’ f t s  ‘ml it ‘ui _ mId

Iu ’  c u i m l m m u p u t u  - I  F u r  u’ umu p li uis _ p m u ’ u l i c ’ t i u m m a , t , u i l u m , tu’aI bu y shu i’ , ’ s _ h di’tve ‘‘I ti~ ’ hUl a

l i i  h)i’ t -ml u t ,  i t  Ii i _ u  I t -  -

‘I t - u b i l m i ’ b u i  - ii i t  -itiu t I l t ’ s _ I  I ’ ’  ‘ I t - t ’ l i n t l b m u m ’  2 , it s _ l I t  u ’ \ t - t ’ I m t b u m m  ( i t  , u m b u h u l m u ’ I l i _ t h

( “ s ‘ s  ‘ i i  r u’ s _ I (ii i n m - tu at i t ’ s .  ‘ t h i s  cu SS i ll ’ m l i i i  lu-cm t i_ ui ” ’ iS  p s _ c t  i i ’ s _ l i _ u s _ t V  s_ p in t  i _ cci t t ’-

Its - u - i _ I - I t - i  m l  11 m m’ l i _ ut - k ‘ i i ’ h - 5 - -\ pNu lu - t I  is_ In ut ’ St I i -  2 , ‘ca in I u h t m u - i ’  l u s h  ( I t ’ s ’ ’ m ,m n i a • i t

i_ n ’  u s _ I d  u - ’ , I ,  m i  b l a t  - u timt hu ’u’ sI ,m ma I i i ’ s  s_ f I l i i ’  m ’uuup l is _p . in n - u ’ I t uuuiit - un m a - ‘m tr ,un c ,li ’l’ Is _ ins _ li ’ ‘ins
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3 . 2 . 1 S I l t  2 — ‘I e c h m I u (  n i t -  2

l i - c I n s _ i p  i_ u t ’  2 n’ Il u u sis ts if ,m imi _ u lv sts , ( \ ‘ ~ U i_ s_ i i,,h m un , :mmn ri l’O l D i m s _ - m t Omuve .

5 . 2 , 1 , 1  - ‘cl - u ’s_ I ’ at’v l i t  D ata

5.2 .1.1 .1 .-\u ’ual v si s . “cm ctncml ys t s ml tin t s I v p u ’ ‘ ‘ 1  s i t u -  i_ vs _ s_ id m -u , u n s u ~~l ‘ m l  a l t - a u - s _ P u n t ’ s

i i ~t ! ‘ u u ’ c i i  , i t  , t i’ m u i i t , m ’ s m t u ’ t j c  u- I n t ’ l u ’ ’ n f ln (~ n t  ch i-s r r j h i m n ’ s n ’,t - i- \ tu’i ’n m .t i lu l -  c’ a t upiis _ s_ -

cusa u- a’ —inm ,’s th ne pr m i s _ u s _ h I s  sun a ,f PO b- t ’oup lt ’d ai ’,’ mm cmhs imnt - i ’ It- tb ’ s’ t m i _ i i l m l m m n c u  s h i u ’ I c h i i ’ ,” s ,

i _ ai mS m l t ’ t u - i ’ u i m j n j i i u p  l i i i -  t , t i l c m r t ’  and upset  t 1 I i ’ t - a l i ’ ’ i m l s  m t t i n t ’  m m ’ i t i i - a l  i s _ i s  m ’ t , i a i ’ s .

l I p ’  u’lu’n u u ’ ’ u I m a , m ’ u n t ’ t i c  t l uv i r t ,uim )n em mt i_ it t i l e  s i b , -  u i _ m i t  m u ( I m ’ l l i m i t - u i  c u t -  a

tunic’ li um un u i f  s i t  -p h i i _ i s _ S a u u i l  b i i l - n m m i u t ’ t u ’ m ’ 5  I’’ t i _ i thi u m 5. 5 SD. Pi’u ’ I i  -~~I im m’ t s_id’ ti um m n s I i ‘n’

h i ,  - mi t i _ m s _ u i i t s_ Se t i f  ‘u I’ m ’ u ‘mnts s_itS i _ a l  t i _ t t - i ’ s s_ ~i cm p l ( ch  b u m  hu m’i u ’ c l  P0I’~ , ‘n , l ul ‘ ‘ t -  u ’s - ,~~, c u r a t e

b a a  i n i l b n i n  - II S B ,  If i _ i t -  .mssum u ’ t h i _ i t  liii’ bui’it’d hu ild imi ’s si niu ’h dii m nt : Ia i _ nt-l i (It - au s _ t i ’ - ’ 1

•und l inus s _ m u m  aI u ’ t u’u ’ iu , r i _ m te d Sram cu( iu’ ahhv siuns _ e cu u n m s t r u c ’ t j u m n  , t h e m (bit- t u - h i  ium side h u t -
u i_ rn ISt- pn ’t ’hl t ctt’S ‘ s u m  within U i_ID (ic~nu ,rin s_ the t - t t t ’ p - la  m u  1 m t t C i ~m ii _ t 1 ~h m’ u c’ t utn’ t

,ut u ti t- ’b uipmu ’l n l ‘ , I h i s _ nt-vu-i’ , since Si Ii’ 2 has u ’s _ m t  u i_ m d a i’ c’u’u ;nt b~\I sim d ’l ci u mm ci , u - i t ,  - s _  ( m m -  —

C 

m i t - t - a  b -at , i_ in S d u ’ l t - , ’ t a  jut u - _ bti u ’l c himu ’ s n m m ’i - f u ’ u ’ q u e n t l v  i m n n p t u s s i h l e  Is ’ delt a - b  i _ i t - s _ a l l y ,

l i _ u t ’ s_ u ’  v a r i c m u n u ’ u  S in i t n l t ’ n ’ u u c m l  tiek h s ( ‘ I l c u I d  be c,’nc um unte nu- d , ‘I hi u s i _ i _ u i  bu t ’ re flu’m led i i i

u t i ’  n - u - , m a u  -i  I in m u ’ ’ - m’ t i _ l i  s _ t I  I -s  in 11mm’ l i l t ’  - n ’ s _ u I  ci uupl iltu ’, uinu ,i e i s . 1 ) 1 - u , m’ . u ’ I c u t  I mu ll ‘ I f  ~ 1’t - a i i m ’  h i ’  ‘l i t-

c ml  i ’ u ~i t i r i _ m l  i u m t u ’ m ’ t , i ’ - t - s  is u - u — - I ju ts_ l i - i _ h ,u t U 5 13 . l I e s _ m u ’ , tine viii l i _ I L ’ , , -  , u u m t b  s _ U n ’ i’ t - m t l s a u - i ’ s _

ml u - c m , -  0 s i  t m u ’ m c i  Oral  I u P , ’  i — f a r m ’ s  u - i _ l i t  be in’ , ‘ii i ,  t u ‘ b  h i _ mat’S ups_ un the la’ ’ u p : t s _ c m  I i ’  mum t i’ auni

l i i i ’  p t u u m n l  ‘ i t  m s _ t n t ’  ‘ u  l O t -  in terf au u- ,uin l y Itt it’i t h nit i - 28 i _ I l l . I - r’ s m m m u  i~ m st  I -~ ’, 1I~ p i _ ’ed i c —

tt ’ P u t  -,mI ll h t -U1’t-’ ’ ’ b  u eu nt t u sh  u lu ’ s, t h u t ’  i_ ’al um ’ s I t
- I b i t -  Cii _ 1Iii , i~’ , t ’  s _ u S  l I l t - -n - t tln’eshs ida (‘~t in l~-

pr m’ t h i a l t ’i b c u m n a l t ’ t i u ’ a l I v  by sinnplt’ hi s_ itc h c u iun ml\ ’sis mu ’  fm ’n ,nt i - X i S t i m i i _ ’ ,  (is_ta hi_ta a I t ,

ti_ i t t n i n  aim c t ,’u’ u m’ni ~’v uuf 31) — 5 SR .

5 , 2 . 1 . 1 , 2 ( ‘\ \ U a d i c t l u i a i m . b - ” m  t i n t s  S i t e , ci Sl c um mc Ii _ li’ (I I ’ M  P t V I ) t -  (“cv b u s t  i _ s

c u s s u m u ’ a h  . Iii t i n t s  tn- pt ’ m u f  1( 51 - cm s i t e  i s  i l 1 i _ t n n i n a t u ’ a i  dv cm ks _ t i _ i _m i (‘‘c’s f i e l d  s _ m d

I l l  m a s t ,  i’ I Us_ C’ t i t u m n s  i_ l i ’ ( ’  s _ i i ’ i _ i s s _ m ’ e S  c l i  i ’ t - u ’  l i i  - In t int’ dm a s_ i_ m s s i s i l  i t  ( ‘c’, r a c t u , m t u m  ni

t i - s  1 u i t ’ s  i n  I ‘c u r . ,  ‘ c s _ l I l t  5 .  1 - it was is _ m t ’ s _ i  h i_ u t s _ si m m ’ s ci 10 v. c u t  t i t ’  h i _ I  ti n’ ‘ u i _ i t t -  a l t  - tOt’

I ) U I l ( I t i i l ’ , s_ mid , t s a u u u u i i n g  h uj 1 d i i i ~’, c i t l t ’ l I u c L t l u a I n  ‘f 130 5 13 , I l — u i s P  t-~t u ’ i m , mh S wit h iun lii , ’

h )i_ ui1 (It I t o , t i _ m i s _ i d  I s ,  - of I I m u ’  nrdm’r ‘‘I cm Iu’ ii ’ iii l i i i  i_ ’i lla . I h u - u i m ’ u - , t bit s I t -  m u ’  m l a I t  — m i

i _ i _ mi s _ Id I , u  - c s _ l i - b u m  I t -  t u u  nu’ u’ if v that 11 m m ’ u ’ i t m i n i i i m i m ’ c i  1)111 1( 1 i t t ’ 511 ( 1 u ’ c i m ’ t h m  s h i m m ’ l d i m r u u  _ m l

5t h - 2 tm - em -u ’ nut Its _ t a t 80 SIb . I- or a m p ’i m , uls i _ il f r t  m I I I t ’ l l u ’ i t S  t i l t s_ h mt’eie ui umt , uIlt ’i mu ,, t i ’ uI

hmy nil I t - m a t  80 511 . ni u ’n ts ur i_ mhlu’ m i s_ ta in u ’ X t ’ m ’ S S  u, f .m lu- it u t  i ll lv i  ‘I ts mi’,,uld he taken
5-33
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taken iun si ’ .lt’ the b u i l S m u m u ’ , . ‘ i ’ h a u - m u -  {u m m ’ m ’  . sins_ c it is the obje ct ive a u f  a CW

rcn,d u , m t u  ml test to wrifv I Imcm I the shicicli un it , i mit es _ m i t\’ u m f the bui ld ing is in

t - \ c ( ’ S t - ‘i f 80 nIB , thiS t i _ l u ’  ti f lu st tt’uuuid I’, ’ cu ui u -( h m, ui _ ul u’ , Be(’aUse tine signal

t t i  noiSe ra d ii , mi ’luu um m tu u ’cusuc ~m t p rinii iui _ ’’ ’ l t  le~’e1 s ignals  inside a (‘O flt l i i U i U t ’ i _ I~~

tion sit , - ai’~ 
- less than 20 SF 3 I bau ct t ’cur au’v t tf the dat cu i_m ould be C I U ( ’ s t u u > u l a h ) t ( ’

(c’rn ’ uu m’ s ‘ i f  b h i t ’ order s a f  nnc u u ’m ii t n m -iu- i f  10 d R  t’uwid easily I u m c ’ u r  u , Thus , if t h u

tm tal cittemtuation i m f  the i-i _ mi-tin ,tverhurden and the hn uiic t iung a hm mm ’ h d mn g it -iii ex t  t t-s

‘f l u ll .1 B, th is tee hm ni q s_u c ould not accurately mci _ i t - s _ re  the trctnsfer func titrn

I h i mi ni _ tar , s ince 80 SB is considered s _ t h u -n i c u a tu- shielding , the mmta bi l i  tv t~ ‘ n m - c i s u r u  -

hi’ ~u m s f t - c  fuunc ’ ( m m  i nns  is u n i m p u u r t a n t  n m u n m i  the  u ‘i’i’ l s i ’ S uitentioned i _ ibm ‘y e i_ ire acceptable

5, 2, 1, 1. 3 P01-I Hi ts_ ct j) i ’im’c P p i ,  ,-\s  sti_tted in 5 . 2, 2,  3 , in d iv idua l  v a i l  t o t ’

and c ’ u m n ’ ( ’ ’n!  m e a su r e n l e u nt a  iii cm , d i rect  (iriVe pulse te st of ,t POE c~un be nu ,, ’lc’

tvith in I - ( I  dB , ,\v u- m’ . i t ’,e  stcindarcl p i t y mat i s in fu ui’  VI u l tn ms _ ’ se and current  t r anafe r

fu m n c t iumna in this t\’pe ‘ m l  test is 2. 5 chB .

5. 2, 1.. 1. 4 (yvi-rali .\c’s_uI’acv — Techni que 2, For an a u l d t ’ n ’  site it’hu se I~~i_ I

slnicldin’s hi _ i _ s  n u t  hmt ’( ’n rec eint lv tu ’’ - n tu’ al , V~Lt ’ m nL mn C C betweemt - c p t c ’ s _ i f  u u ’ ml sinmeldin ng

s_ clue .i m u d actual s h i t ’ h i l i n g  value can be quu tu’ l, mi’ ~’,e. Et ’ i ’ u , i ’ p’c UI) to 41) SB (at

s ’s n m u m ,j t m’ c’ s 1 u t ’ m i s _  i es)  in the estimate s_ f c~in mel din c ’, u ’  fleet ivemn c ’ as could he ci tes _ un —

tcre(i , Vhis —n i ui _ mi d introduce ,m ,d (litidun ii ‘ . 1 1 ”  ul’ c-n in in t e r ior  roupi lug fllt)del -

:\III i st s_ t ’ ,h. it Ia d ifficult to r1ucintifv t In e- -c t en ” I i ’ s , an Cat m imi _ u t , ’ u f  1; (113 l u c ia

been assumed. There tm m m’u u , ic i-s estimated that a C’s’s’ test which v -m’ i l tea

sh ie l d ing , or p inpoiint s  defect a tm_ u us_ Id liner ’ ‘as, - i _ mu - i _ si t - t -u tu ’  - m i t  i _ m t ’ , s _ s _ m ’ s _ u ’ v  hit’ ( I i_ ID

nan ’’ u ’, n f l m t ’ ,  i _ l i n ( ’ C r t i _ t i I m t ~~ u n  S lule ’lu i uui L ’ , and an a d c h i t i t u n a l  3 ( III  liv u ’uuii tr ilmu t in g to

re f ined mu u Se I parameters

POE Stua rt t h u - u i _ u ’  (l’(, ti _ ’hmcl n f u r t h e r  reduces

C rm ’ m u i ’ s  in u m i t  ( ‘ r u m s _ I  coupi i i t c ’ ,, n i_ in n i s~- i _ ( ’ i-i _ s i t i e m n t  ac( ’uri_u’ y us _ f 13 513 (‘cmli l i_ i I ’ m ’  a -hieved

5.2.1.. 2 ( “ m t - I  Fs_s,’tom’a

5. 2. 1,  2 , 1 ,-\ s _ , i _ h t cnu ,’- - ( iven ( hi _ c l  Site 2 is i _ i  ij u r ied aImielcl€ ’S I)cml [dimI’s , 1 1 m m -

coup l dig n i _ mis __ I i _ cs is fur m ui t e m~u u,u - c u u i_ u p l um in ’ , paths would be limited ( t i  1)i’ ti ~s_l~’,i_ Lt t a u t

fm’ s_ mn points s i t  entry I u  the critical ir u te rfct ces . Su u i c’ c’ it us ,uls ’u Iru c that then- c

5-Il -i
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i ’ m - cu (lint P u - a l  u s _ s _ m i t  I i ,  - t ’  ‘ I t  
~ 

‘i mi tt -i m~ e imP’v I ’ m  Si lu 2 b b u ,  ( ‘ t i U I ) l  lit ’s ‘ m l  lint’ cx l ,  - ni _ u_ h

u m u c i p h m m ’ s  to t ime  PHI’  a (- ‘ ‘d m 1 , 1 he , , m u c m i v i u - - l  i i i  cm f , m u r h v  t -in n pl e s t i’ ctiu ’ l il f ’ i m ”,’- .mu ” l

c u t - h i m  m n .  b I t - u - c m _ m a , ’  m m f  1 1 m m ’  n ’ u ’ l a t i v u ’  s i n t p l i ( ’ i l V  m a t  Put’ c ’ , u ’ a u n m u u  tr y of S i t u -  2 tu mi d ‘if

time t ’ s_ u p li u i ’s ,m n i_ clvs t s n u n m ld , t ’ t - i _ ’ icmt u - t b b i _ pu ’ c i t - a u - a t -s _ a u  t n t  mu f  S i t u -  2 a l i u i i _ u i d  I m u -  , , m l t  -

a h cu ak’ t i m  viu’ ld i _ t i m  c u n — a i - s s m n i t ’ m n t  m i _ i t O  m p p n u u x i n n c m t u ’ l v  32 u h i 3  , m a ’ c ’ s _ m ’ m I v  , Suc’h m s_ un n t- .’--, ~a—

mm u u- ml i _ vu  u i _ t h a i  u - u c~ui m u i_ tppi’ uuxiui t s _ tE’L Y 2 n na mn—un i um in mb i ’~ I s  ph i _ m i t , n m’t u n u t  c um id di m m’ u ntu ’m nt

i_ i s i t u ’  s i _ t m - i tv : cu _ p p m’ ’ s x mu nn n u 1 ,-I t ’ i s  n n a m n — n n u u u i t h i s  h i ’  tnt  ‘ m l ,  1 , s_ m i_ i _ Iv y ’ ’. s_ in t l i n cu s_ i -

l t u ’ t ’ d i t ’ t i 0 m t t - :  1 untc mu t —u t t u ’ uutb l Ii ’ i m-p om ’b : ciund as s u t a i t i aV( ’!  i _ munch  (‘ul mnpIi t t - i’ c’ u u sta . Sus_ bi

an cisau’ssn m u i t t  it m m c m l  S a - ’ u t - I  del i_ i u ’u’ n , 25 cumnd 35 ft ‘ u — c u  m u ’  , I  ‘ I i  c i i ’ s

5. 2 .  1 . 2 ,  2 ( ‘\ \ ‘ flccdiatioi i. Assumimig that the .i_pPm’~ I)1’l cc1t’ e q u t p m ’ m u t ’ l n l  is i’t a altlv

avci iicthle i_cs G Fl-I , and that silt’ i n c e s t -  i _ n ih  mi s _ u t provud i’ u mn cl u e s i t  ‘h a t - it sin us_ Id

but ’ p uu c - t a ih i e  for tie t e c h n n i c i a u n  ,mci u n i t -  e nc t , mbuu- t,’i’ I , ,  ‘ - c u - I  up t ine  test t’ (1u ipi uneun t ,

comple t e  the t ea t , s_nd is _ - m i t u i _ c  the h a ’  at eqU ip n n e u i t  fun four imeeks . Thus, m lii - m’ ’ -

- ‘ ‘ u i _ m id be lU ))  hour s ‘ t  i - n i  ‘ , m m l -  u - u - i n ’ s ’ ,  t u n ic nun S 320 I n m ’ u i ’ t -  ‘ m l  techmiiciaui dune . I t
ti_-il l ~

‘
~~~‘ 

~ ire i_un i_ u c ic h it m um n , c i  t i_ n ’ m ui _ ’et ’h -c — n of c ut ’, iii ’ s t - i - i n n _ i  I tie cu _ S ‘mine ‘ i _ u’ ’ ‘k i mf tech —

fl ies_ i 1)Ubl i s _ , i t  is inn s t i nte I s ,  prepi_cm’t ’ nm i’ej)iJrt  - ‘linus , tb ,,’ I i  ut _ mi cost i if such a

c a i m m a p le (‘\V n ’ c u l i s _ t e u l  tes t  would involve s ix  t i e u - k s  ‘ i f  e n ’ s i m n e i ’n ’ imn g t ime  .und five

s. i ’t ’i- ’, c-t of t ec ’Innic ian t in - u m ’ , ,\ t ~~~7 5 i_irs_ i S~l 5 p~ 
r hour m u ’  H i S ct ivelv , tin us  t u ) t c m .iS t m

‘_ci)1)1)() This lu , c ~I u i mmc’ s nut include the t ’ u , i - t l ‘f L i l y  i _ i _ ni _ i _ i t t - us wit ich would be clcmmi e

uncier t h e  cin ci l~’sis sect is_ It.

5 . 2. 1.  2 . 3 POE I) i rect  I ) nm v c  (Pul se - , ,-\‘s,u nut , given t thcct the test e q u ip u n n e n t  is

provided i_ cs U I’ll and that undue dt’l cm s ‘ m m _ u ’  not eflc i) um nk’ re (i  because ‘ 1  site

.t.s_ut’eas pm ’s_bios _ i a, tine l~
( )E chirt’ct drive It’ at on i_i L i  tn t- s imi n ple  f . m t ’  i i  itv with

,_~,_ p 1 im ited nunnh er s  s_ ut P( )i ’Is cuu lch he , l r c ’n ) nn p l  l am ed dv tune en’s is_ecr antS ( w i  t m - a l t - -

in i ct ans in cu p p r ox inn c m t e ly ‘ u i ] ( ’  month Aim nud ch i t i t t un c i i  t i_ i’ , t o u t - k  a in emng lmnt ’t’i ’mn n ’ s tu n iC

would Ix ’ required for te st report lung , An ccciciition~cl (Wi) weeks tc’c’hmm ici ,ui t nine

i _ i_ - s m u l t i  lx’ z’u ’ ( h i _ m i real for c c te cinni cal publ ic’ cttiom n s support m u n pr epai’ iunu.i  t ime I esl t ’ept m i’ t

‘Thus , a total of 400 technician hours and 240 hour s of ‘m nt ’ , i rv e l’ing \m ’tRll d be

r equir cci . At a cost of Si 5— S ~25 per hour resp ectively , tine t otal cost i_i_’ m u ld 1~ ’

~1 2 , 000 . Once c i m ’ , c t i n , this does mnot include data , c m i ~c l v s i s  ui ’  d ata rcductii mq
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5 . 2 . 1~ 3 I iu i’,u~ju m m t

in u -t alus_I s _ m s  t ime  l i _ u m p h  m a u t i  , ‘ I  , t  h i _ p s  I i ~ i ts _ m i l , si i i ’ - s . u un  c - I - -

lii -u-mn ,uat-utiic ’cl t h at  I O u ’  ( u - a t  ( ma’  P u t , , u i u a  m u - - b l m , t m ’ m h ’ , m m  u t ’  is” u i _ ui  c i  b u -  G I - I a u ’  - - ‘ i t

te at t , m m ’il i t ’ , s_ h a l  Iu u - , m v . t i l , t h > l u ’  , m m s _ l  I i  - u n i v  iii t un u mi u u n u i i . - - ‘u: ‘ ‘ i _ b ii  ‘ I ‘ h i ’

f _ u _ c u i t  v ins _ mi l d  h s u  m u  - i 1 s _ u i ’ t ’ m b  so tha t  u ni a uu~~h w- a l u - i n m y m ,  ‘,‘, ‘~ t ‘u - - s ’s _ n ed

5 . 2 ,  1 , 3 , 1 L\\ I?.m hu at i i i  A a i n n p l e  ( ‘‘s’s i’ , m u it , m ,t ian tm- s t u t  i i i i  5 c ‘ , m t i _ u i u

m i t  up to :11 )  t j- , u n - - t u -  m’ i_ m~m ’ i  u s  u s _ a  cu _ m i d  l u t ’  f t ’ t ’ t s  m i ’ s _ m t - s i  t I n  s_ppm” x c  - m m m l ’  I - 
-

~1m m u i _ m imi , a s l , l tt iu s_ i ,i l tm ’ .m ,m ial u’ c t i _ m u t c t  i s ‘un s lu e  m m  ‘ u 1 ’,u i ” ’  I i mp  h i  - h i ti_ t i . m ‘ ‘  I i - ‘

u u - c s _ i - m n ’s in t b t m - i  t i _ p c  u t l ’ s t u _ m i

TOt b ’ ( ) b  c i i m ’ t ’ a ’ b dn uvu :  - ‘ p i_u h ad’ ) l m ’ —, l p t ’ s s - - m i t !  - i _ m I m I  - - , u i u

( a s _ i l  i t t  such s_ a S i t u  - 2 [mm . m ,  t i_i’ m ,  no ’ ‘s _ tin p’ cm ’ s m l  -

5 ,  2 . 1 . 1 I 1 n’ . c c ’ t u c ’ ~c i u t \

T lt i s i_ ’.’ould l l i t ’  s_ m i m s_ I ‘ u t i p  U, pi ’ _ uc’  m u m, ! u - u - l u ’ s  s c o t  ‘ r ma , ’ m m m in I

a l i n n u t t ’ l  m i _ u s _ i _ I t - n  u t  ~u , y e u ’ m u u t u i  i _ I  ,t ,u i ’ t i a ’ i u S m m ”  u ’ , ’ s 1 m , m m n ’ u ’ d h . ~t h l  ‘ 5 ’  i_~ P .,

i t -  rec iuim ’i -sl cu i ’ n ” ’m m t lv ‘- “ m t - I s , uun u b a’syt’i’cil ti u V i ’ i ’Iu t u i m ’ s _ t  . 1 ‘ s - s _ i ’  i’ , i _  tic i mu

cs_ s_tons h,uv u ’ I b u t -  u - i _ i _ a u  i t  - i _ h  u - \ i u t ’  r t u - ( ’ I -  u a i m l  - sc m - t i  -~~l c- - I’! - 
- 

(I

Ic’ sI ,‘, ‘ u i _ m i d  m u  - s_ u m i t  - unIv - ummu s _u  u u m t  m ’ a t  - ur ‘ m m ’  ‘s_ v t  m c i _ i _  c u t - - : , ,  dal i

fc u c’i i  i t ;  ‘ i i  r a t  s m ’ . The c l i  m u  c t  t i n ’  i t t ’ s_ u’ ’ uc , i’ct itu i_i’, ibm I ’ )  mci 1 ’ a i n ’ t , ’ - ‘ ‘ a  ‘, 0’

c’ u , t i b c a m ’ t ’ s m ’ , ‘ s i - u” ; h I l l ’ - . i n n t i n t ’  ‘n t ’ ;  ‘ i f  u h , m , t , m  i i  s _ s t  u sm um , i p i , , l  ~n i ’ - m a ’ - - - -’ u u i c  t i  - - :

e q U m p m m a u ’ m u t  wm uc i ld  I s , - c u ~~1 n i i u ’ u - I :  this pc cl’ t i _u- u i _ m i m i  ~~
- p s _ ’ i v t s l  a l  i s  l i i  up.i lv ~~u u u

tr.m rtm mi’ . Simi 1 u p t m t : s f  c ’ t , u m p m u c i - m u b  ,t n ch ‘-, u m n u u j l , i l i u i ’s m m l i  u P- .- ’ l , m .u pl u u ’ t m c u~ m m u ~~I ’ a~t ’

sin s_c m t ’~ u’ s _ I i t  nm t i ’ , l , c m : i  - i l l ’  hul l - . - - a s _ i s _ i  I , m l ’ u i ’ a  ‘ m m ’  m i t - I  u _ m i  u u  c m  I i t  i l l s  tm i s  -
~ - P i l t u t u  m l mi

- ~~~~~~~~ 5 . 2 . 1 . 5 
~~~~~~~~~~~

j I m ,  - u u tt u i’ tu - m i  - m u ’ - u  - ‘,‘ ; i t h n  b I t ,  - i t t ’  i s p i  - ‘ m t  u s i i i  m a t - a u ’ ‘ui - -I ‘i t  m u m  - m - t~ ‘s

i_% ’oi_ tl ( i I~~’ itt i n u  t n t _ m m , I b m ,  - i c  mo m m s _ i a 1  l u t  - I t  - ‘ - u m u ,  i i ’  s _ u ’  s l i t  m u  l u a u ,  i ’m -ci ‘
~ m i m i _ I  -

there would h i ’  no i - , m u’t lu ‘ v u  ,c l- . c ’ ’  cml  m i m I , ‘5 I~t ’ s 1 i t ”  ‘ m i _ a  , - ‘~ I 1’ - m ~m au I mm -  m i _ m t  - b - i

r€’qu m e d  in I ‘, s _ ,m I i n ’ ,  i_ cinch s _ o u m u u m  - u I  a im ls _ I l u m - m i’ u i  u - . iu i u i  - - l  b ’ ‘ i i i t m  I n n  u : ‘ p  I ’  u l I i  t

( ‘ ‘s ’s  i_ i_ itch b’Ol l u ’ ’ h s , J)ui ’i mi a - i’ ( il u l i m u  b m I s _ t i _ u -  _ i t  ) i i a l u  i i ’ , ’ I t l c ’ i u  - i  ‘‘ ‘‘ ‘, t

I~
,’’-
~ 

mi n i i i i _ -  of hu ’uef m n t u- x ’nmi p t mu , nu ’ _ m u t  lin e s u I t  - I s u m’ t h i s  I. u
~ 

- hu m ’ ’ -  im- ~ i -  I - m ‘ m m

ht ,t y, t m’ sI i_ Lu n d t uu n l t u ’ i t t  t u t u  - i _ nit ’, - . i o m ’ i ,,t i’mls tin _ m t an - ’ i ’ m m m m i - I u - p l i i  c - ‘ i - 
-

pul su : l u s t  -

5 :to
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-) ,t - t t u ’  -
, l i ’ u h t m t i s 1 i _ u t ’  . 1

‘ l u - m ’ b n m n m a 1 i _ n u ’  1 s _ ’ u n n m ’ u - i _ l a  ‘ a t  ,- \ m t , u i t  - U - ., , i h m t ’ ,h 1 m m ’  I l~x m l — i_ e . , u m t c h  PHi

ft u ’ , c- I I )rtv, ‘J” ml at-

‘~ “ - ,  1 \ s ’cu m i s_ v  u t  I m c m l , m

- ‘ 7 1 I  , \ t t  a l t  s i t - ,  ,\ s  t i  ‘ I , . a ’ ! u m n i m l u u u  2 , s _ m u n t l c l m u ’ i - m m , m t i ’ m I  , m s t - u - a s n , c u - m t t  m t  ~~s t  2

‘ i d - i  i ’  s, 1 ’ f ’ - I ’ I p , ~~ j i- m S  s _ m u  i _ m t - c - i _ u r n s _ - v  s t  12 d i b .

s_ ~
‘ 

- 1 - 2 l b  us_ h i em’ c’h I’ i _ m l  ~u ft a l l , ,  t i m  t m t - ‘ 1St ’  s ulm j u~c ’l t m - --. m i t  a hi u s _ I n  i t - i s _ - i  p s_ h at ’

m a l t ’  mu i t - -i _ f t b ‘a l a s _ m I m i ’, - u i _ i n  ,la ,5 j t u -  2 ‘s m i u i _ i ! c l  mt I n  i bi ’l ( - n’mum j a ,, c’hi - a ’ tm ” un t i ,i p ’ s t t ’ iu s _

‘ s u m  u c u . m b  u ’ ‘ mm n ’s ’ i i  m d c c l  5v h u t -  u i _ u  t I  l i i i  aS u ’ - i s  l u _ u t u ’  - , t s_ d  2 mm t e , u  — i _ u i ”  tOt ’ t h i s _ t n ’, un u. ms _ —

m u m - l u  cmi i tum a a ’ tu sln , u b l’ l ’ t -~~~I s I i H i  a! 11 am t , i c’ ui u l t I s  s_ thcc it l u - i _’ c h P u l t - t ’  S i t , , ’  2 us

m , i  l i  u i_ u i ’uc ’mI i _ mi mi abi i t - I  i _ l u  - ‘ I , i _ m u m  I u l  is a b~~’ - - is ‘ mm mlii ’ ’ mv li u ‘t hat-i’ sub m c m i s _ I  am s _ m s _ u i  I u i _ e l

i i -  , t t l . u u m u , i ) d a ’  t n t - n ’ S  P u t ’  a l l ,  I ’ m  s _ i  a ’ - i _ mt ,mu - a’u n’ ,i b u’ uun e m u - i _ i _ u u ’en’, c - mt l t a  a s _ l i t - ! ’,

m s  m t  - ;u  h - P u - U ,  - t - 1  i i i  , t mua l s _ I l  u ’ m u c m , j t  u s ,s_ h u m S  - cu - ‘ s _ I  ~ S i i i  u - ann b i t ’  a u n t  m c m l ,  a l u m I  - A

mm i _ c -  t ’ y . t t  i i - , - , - l u s t u b ,  - ‘ i i ’  UI ) c l i ’  - i _ lu u-i liu m p ’ pi’m u v  m u  i t - i ho t i m e  sci ’ a ’ i t  5 i U i t 1 ’~ ~ ‘ p~~’ I’

‘ m m  - i i i  s_ m i the ho ul a lun u L ’ , is i a s u u , u c ’ i l , I h ums _ a’ , s_ h a t s_ I t i m - i ’ m  i’ s_ n it a s_u i ‘ t i n  I d a b  ,tI 1 ‘ ‘ m m

u - i  n ’ s _ u  s t  tpp u ” ixioa tl (- I~ 75 - lI -P u s  ‘ i  l i t ’ u m m t m i a ’ t p , i t a - s i  ut S u i t -  7 . I v u - n  m l  t h ’ - c u ’

‘ i _ t I ’  I I ’ - I l l ’ s _ I  - c i t  i a ’ ut’s _ u’ mc’s at ,‘- .m s !li I  t i m  - m~ i _ u t ’ u 1 m -  u t - c -  m c  l I t  am u m t i a ’  I I  ‘ u s _ i t  u ’ m i s  ‘. i t h  t in

a t - ’ - i t  t I - \ t r u - m u i i ’ I ’ ,  u m i h i h c ’ h v  I t  at u u l i ’ m b u u . m m c  m l c u t , m  i_ i_ i s _ l i t  u’ ’,us t 1,0 tim , ts _ i _’UI’,t I’

- ‘ t , a m m i _ , ,- I t ’  i u - m ’ m i u u u , , t l i , m u  m a t  t O t -  m m - I ’ I  ‘, ‘ ; i t h n u m i  t h u  k u u i d t u n ’ s

I I , - so - u ’  , S m b u -  2 - l m s  i t I t  u i _ t m ’ s _ a l  c m m n m i  c a l m  P h i l - I , I S , -  l o i s _ m u m  t’u , i _ mnl m mi ’ s

l , i  5 m m  b ’ , ‘ i i ’  ‘ m m d c ’  u l  u i u i , ’ m ’ t , m a - , - t - m m - i l l  k -  i ’ X c ’ u l , a b i s , m i  - ‘ I  m i t t  h t m l  . .  In s _ u t - u s _ us _ l u , u _ t -

‘ i i  s_, m i t - l u  - i t  m um! 1 S a l ,, 2 c c l i  s _ s t  l u - i l l  ‘ I  w i t h  — t i _ O c t  Lu ’m ’u- - l , ,cs ‘Ii’ t u h t t - u ~~,

I - , ’ - t  p u s _ m u I I s _ u I  ‘ ‘ s _ c  a t ’ , t m ’  is _ i-ui tm i t cm m m ! mm ‘I I - u  i t , , ’  I ’  ‘ s _ i l  a m u  i - u , ‘- , , u m’ ,,’, m 1 u. l u  umm a ’.

I I  \ 1 l ’ S  , ‘ m t y u m ’ u u t n u m s - i i t m m- m , u uha b p m ’ m u n m ’ t t ’  a m i m ’ , i u m . m t u ’  t u t ’ h m l  I u ’ i ’ i ’ h . -, I I  l ) t t ’ t s i ’ m ’ s  .,  mi a mI—

s _ i  P ‘ i _ I  1€  -.1 - 1 I u t- m - ’ ucm p l u m m ’ s  I i ’ s u uu u I bum’ ( u i _ - I c !  o ,  l i t ’  a - m i t  t a ’ ,d c’ u _ c s _ c t  it - m i t  I m u ’  a i I m  - i - i ’  m i ’

l am t n u ’ l s l u m a  I” I I ’ - 1 - t a m - u -  , su m au ’m t l , t s _ s _ s _ t s _ t a’ i t ’ s  a t t u ’ u’  s b u m  h l i _ u i  p s _ h- i _ a ’ tt ’sl

a n t  rs l u ’ s , - r ’ i u i ’  i i - !  1 2 — 1 ~m a l l ’ ,

“7
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S . 2 ,  2 .  1 . 3 I ’ d  tU I ) m  r i ’ s_ I  i ) n ’ i y i ’  p ‘i _ m i t - u ’  ‘ , I ’ s  -a ’ .mu a t ’  u t  t h e  1 m m i i  Ida I am j,’ s m  m Oe

u ’ m u V i i’ , i c ’ s ’  an ’a- ,a ut It ’ - ‘I I - \ l h ’ S  m a i d  , ,ms i’ s s i ’ j m u i ’ t ’ u i  l s s  ,~ Il:\ tu u ’i d c x s  n I , m t s _ s m u  ‘~ I

I t  i- I ~t I u ‘ i ’ t i i _ i i  s_ mi s _ ph i~~’ p , i t  c s  t - s Ito - p~- u i u  I int l m , a m n L  m i _ i l l  m m m l  , u t ’l at ’ m u’ u i u u up ~u u’ s I’S

h i ’v t ’ I s .  \‘s ) t i ’ t n  i _ t t - t ’ ai i i )  i’ mmn p~m mt a ’Iu m m m n mm til t ct - i !- \l1~S m u st , l’( U~ I)im ’t ’m ’ m I )m ’ m nm-

l~~u i st’) m s v a ’i’ c ” ’m n u (’ t- h u la l i t  mn ’m enu s _ y ,

5 2 . 2  1 - 1  ()‘,‘t’m ’ s_l l I ’ a s _ ’ b t t l i u i U m  .\m ’rum ’ ,l s_ v , ‘i bm , ’ c,,u u i luifl c , m , t i atu i u t  ,\n,tl’; - - c t a , llt ’ s h n

I ‘ ‘ i _ t i  PuIc- c u U . i u i u , i l i u u m t . ui _ c l P ( ) 1 ’  I ) mm’u - u ’t P s_ mv ’ - ‘  dcii au ’~ ti _- s_ s U - s _ - f un t h e  A t  ‘ l (  i ’~ O ,\

- aim ‘~~~ t I  I ’  ‘IL (‘ t i c , i~I m i ’td, m , i u u d  l i t - t I c , [t i _ l u ,  l iv ’,”: i i  b y muic ’ , .105 ru : t i tts _ u: p u t s _ b i n  -

t u n e  c s _ s ’ )  i s  s i t  t i t u s,.’ - t u t u ’ s , i t  m a  I i  11 t b nc c t  t I p ’ ’  i m - - ,t -t lu ’ s t  p r N l u u ’ t m s m n u ’ d’ m m t t C(’ l ’ t i 1i i~~

t O u t - u ’  t - i l e s  c u ”  , t c ’ , ’ i _ m n ’ ,a l m ’  I , ,  \m~i I l t i i t  ctpp i’ s N m u m t . u m t ’ 1 ~ 1 1 1 12  i _ h I s . I t o  c” mu up. i n’n ss mt t P

u s 1 s t - i _ m s _ m a u I  l b m , m i  ‘ - ‘ - I i  a ’ l i _ u , ’ 1 s _ u  us _ hu b lii’ cipp i it ’s1 tim S i P ,  - 2 i _ i - un In eqs_ il a m ’s_ u  i’ , u _ ’ ” ;

‘,‘m t’ ls .Ii mtu, ’, ~m t ,u t. uI ,c p - s a cs s ui m I ’mml m y n llm 1 0 - 1 7 cU t S m I m I ’ S ‘H ’ i _ u i u i ’ , - m ’ l . , i n t m c ’ ,

1, 2 , 2 , 2 (‘ ‘s it -

.-\ ln u s _ hn lm- m c’I s_He i’,i at t , a i j u n  , , n m u u i _ m I . i I ’ u n ’  s m n u m i , u r  t m  ( h a ’  I I -  \11 ’S u’ s_ al t-

I i i ’  1 - 5 s _ t  i l i t i  ‘ mm cm ii i , m i s _  1 mm m’ vu ’ c m ’ . i t s _ m t - u s _ i _ u  s_ li m a  :~ m a It u s  I n t u  c l v  ~i s i m s _ p i t ’  Si l t ’  -

b a lS  l , , u : u m h i , m u u , i l h m  s_ nd ‘ m ’ a m a . ’ l i ’ u c’ , t h i \ ’ , .m p s _ I - c u ’  b e a t  u I m n i s _ a l u s i n n  mt  u p p m ’ - u x u n i c i t u ’ l m  3

u i i u u s _ t t i - ~ u s  . a a a i _ t t u i ’ - 1 . I I  u s _ i - i - n ’ , b a m ’ , - , i s _ - . t ’  a m n u u u l , u t s u i ’  s s p l ’ n ’ , u _ t m n t ’, u ” u s l t- d ’ ’  t i m i t  a s _ . u l e

I u i a ’ s_ c lv  ~m l i i  . ‘ , b t  I ’  ‘ n t - I  p s_ I - a t ’  us _ m i _ I  i s_ i i s  s um I t _ -i_ i pu ’ m ’s l’n t m m u  ‘,p i s i _ m i  ml s _ s  u .at ‘i n  tO s u n - sic -u’ il

S 51)1), 1 1))), \ ‘s’I t t  n t  c’ s m u  b u s _ i t ’ d  m~ m b a  I i i ’  - , um i b m  s i t - , m u n c h  ‘I l l d i  I’m s _ t  i i i ’  mvd i ’s i t - I t -, .i l i i  a l

ct - ‘  - - i - -i u t p u ’ s u s _i ’s_ i P u t  , m ~ m pm ’ a l x i  mm u , m lc bv 5i ;l 0, 11( 1 0 s _ s mi _ nh a l I -ut- i_ mi _ v u a iv t ’d  t i n  t i n t ’  cm -a

H ‘ I t  - H u t i  m i _ t m

~~. 2 ,  :‘_ ,  3 I ) u u r , i I  t uum i

‘I’hi’ l i_ m s _ l u l i- y , ’ l pm ui a t’  r , ’ shi ,ut ion li ’ :’l s ,’, ‘ms _ h I I’cqUii ’e  Ii s _ tumuilh a , .-\ P( I I I

1 1 c m - i l  u i u ’ iv u ’ p u b  -
~ b i ~ , t  pm’ u i - ’ ,m’ ,tn n~ ‘,i ’u c t ht i i ’a’ u 1 cu i t’c , a l m i m i ’ s u \ c u i m a u t m ’ I ’ s 2 uui s _ s _ thia , dv

s_i 1 m m  m l  s _ n t  u m u s . l i i ’  t ‘i _ sm ,i uuu I h u t -c m u -  ,i m I y , tm n l ,, , ‘, e , , t  m u  ‘ n h m nm m , un u l , mt , u I’equ 1 1 1 1 m m ’  ‘ m l  I Inc m ,-

p r ’ s -  t ’ , u u ; u  c ’ u u ! n i  pi’i u l m a b ! V  1m m ’ s_ u s m u s p n ’  - ‘ t i  t u m  I 1 m m  s m i t h s . , \ m u  a s l u l i t i u u u t . u l  2 u nn u m n l l t s

mi _ u 1 m b  I m u - F m ‘Uu m i ’ u ‘ i i  t im ’ I t i m , ’ ’  i _ t h l  . 1mm ’  I t u t u ’  m u m  s l u  i_ ’,’m i the m u l t i  mp u ’ i u u ’ t t b

5 -3 H



5,7,2 1 h ’ m’ , m , - t u , ’ c t h i c m

, \ m n m  t ’  i _ I  cia ttt a , p lIa rs , u t I i  t’ (-j t - t n t ul ,mu ’ sm’t ” t ’ t ’q u m ui ’ m- s r, ’ ut siulm - i’i _ mhuH
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5 . 1t , It . 11 I ) s , r , a l j m m m t m l ’ l u s t

‘I’I m u I ‘‘s u ’ c u u i u u i m s s u u  I ’  s — I mm ‘ u s _ h a l  u ’ t ’ m l u a m ’ u 11mm’ , ’ , -  i n m u u m t u h i ~ u u i ’ a’ m t h m c t t m i ’ t ’

-‘ I m i _ i i - a ’ ’ . ‘I l i _ i  p - as l s sym u i - m u m  H t m L l i x  u - s i  ‘, m mm u _ t i u l m m m l  l , u ’ i ’ s _ m u  ‘ n t - S i b ,  h u t  , i i

i l , l i t  1 ) 1 1  I . s a ’ i h i t i _ ’ , i n u 5  , ‘ umiil uh bum - s _ m i n t  a’ uu u) s _ iu u’ u ’,’ mc l i_v i t b i  I b m , ’  ( ‘\\ u ’ , m b m c m l i m u m u  i i  s — I  -

H 5 t  ‘- , -  I ,  -- I s  mm m dii , u i s u i  t ,uI ’ ; s_ du l sl )i ’ , c \ u u u a , u b s ’ i V  l i a s _ m  u n a i s m u t l u s , F!n u u ~~, ‘ I  m l , , ,

l u - s b ‘ I su m’ , , I t ’  ‘ mu I ’  uu ’ 1 , -u ’ l i i i  m u I ’ ”  - - )  i _ m m ’ s ,  i l  l u  ‘ mlii ” - u ’  1 m m ’  ‘ t i l l s
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i’ m ’ u m ” i i ’ u
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I u m m s a t  bm e ’ n ’ - - u I s  i- a’ - ui _ u l i _ I  i ’ m ’  i t  m ’ s am 11) 1 I ~h m i  I -

I ’ l m em ’m ’ t ‘ ‘ s _ t ’ ’ , m l  i ”  ,um-i _ n-i _ tP ’l P u ’ - P l O u t  t in  , u b i h u i ’ e v u . i l t ” l  ‘ s l y l ’ ’  i n  , i s _ ’ i t ’  .u - - ‘ -
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5 . 1 . 1 , 2  Vu P , m i i n . u b i u s m m
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m u ; . ,  ‘ l i t - t i _ c ’ -ml , m i _ I  i l i u m  -
‘ ~t m ”  m i _ i ’  i t - u i  b u t  I O u ’  l i i i ’ ’  I ’ f l t ”  c m ’ ’  I ’ m  I ”  mum ‘s ’, l i , ‘, i b m !, ’ , m I l t ’ .m at mum am u l i m u _ ’
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u n t i l  ‘,‘l i t ’ s m - - c -i _ nm it-tat Ii ” m i mt 25 I ,, 1 5 ~b u t . Fine’ cm ’ - -’ ’ ‘ at lI u s ’ ( “at’ t i - - p t  u s  i~ 
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- m l  l i n ’ s~~c i u m u ~’ u ’ , m u b i , s t ’  1 (‘ Vu i s  m i _ t I l t  l i t ,  u s ’ - ’ ‘ ‘ I  t m  ‘I a a ’ , u l l y  P u S s _ s _ / m d  mu u m i m u h m m s u  5 ,
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1 m ’ m n m m l s  ‘ ‘ I  c ’ u m l m ’ v  I l t a ’  (‘ , i u i l l m i l i , t I I s mfl i~~t ( ‘ Vu ’  u ’ , a l l i ,t t t m i i ’ t  ‘Au th Pt u1 5 s l i m - i ’ m - u  I s_ i ’ m ’ an -

u . m m ’ I i n ’ s _ i a t ’ l y  , t p b ) r m c p u ’ i . t h ’ , ‘line ( ‘Vu’ i’,i a b l , mI l i t  I ’ m ‘,‘: s m u i c !  ( i , ’ I e ’ r p , , u l a ,  t Im e  ti ’ , u m m n - t e I ’
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I ’ (  n- : Si ~
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